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Abstract: A new generation solar Photovoltaic (PV) based solution designed for medium head water pumping
applications is evaluated in this paper. The primary use of this pump is to providing water for remote agricultural
usage. In all tests, the pump is connected to a 3 phase solar pump controller which is a combination of motor and
inverter, Maximum Power Point Tracker (MPPT) and Variable Speed Drive (VSD) mainly targeted for solar pumping
systems for irrigation. The water pumping system proposed in this paper is a photovoltaic stand-alone AC water
pumping system without backup batteries. The main of this paper is to design and operate a solar AC water pumping
system for medium head water pumping requirements. The pump running on a specially designed 3-@, 230 Vac
induction motor is considered for this purpose. The PV and pump characteristics are observed with different solar
radiations. A computational experiment system is developed by using Mat Lab/Simulink.

Keywords: Variable Speed Drive, Maximum Power Point Tracker, 1-axis tracking, solar PV, three phase 220V pump,
solar irradiance, sustainable agriculture.

1. INTRODUCTION

Photovoltaic powered systems are becoming increasingly popular due to The environmental degradation caused by the fossil
fuel based power plants and ever rising cost of fossil fuel based electricity and the absence of the power line near the water
pumping sites in remote areas, frequent shortage of electrical power and hence failure to meet the ever rising load demand and
also fast declining cost of PV electricity. One of the potential applications in the use of PV power is in water pumping systems
for irrigation directly without any energy storage during the day time, and large scale promotion of these pumps may help to
bring down the load on the fossil fuel based power plants to great extent. A PV powered water pumping system consists of
different subsystems i.e. PV array, Maximum Power Point Tracker, Variable Speed Drive (speed controller), motor and pump.
The performances of these subsystems vary with input PV power levels, which is a function of solar radiation and the load
demand on the pump and to a certain extent on the ambient temperature. As a result, overall performance of the system keeps
continuously varying throughout the day right from sunrise to sunset. Overall efficiency figure at any given instant may be
obtained by combining the efficiency figures of subsystems. The efficiency of motor-pump set is governed by the manufacturer
designed operating point and operating conditions at the site. Performance indices are established for the overall system.
Different subsystem behaviours under varying irradiation (sunrise to sunset) are also studied and presented. A three phase
induction motor based pump is considered for operation, as VSD’s output is three phase [1].

2. PROPOSED SYSTEM

The block diagram explains overview of proposed system and the Variable Speed Drive has advantage of operating with PV
Array and Grid Supply by using change over switch, the VSD is combination of DC-DC Boost converter with MPPT and Pump
controller [1].
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FIGURE 1. Block Diagram of Proposed System

The power supply to Variable Speed Drive is given from PV array or Single Phase supply through change over switch, during
sunshine hovers the supply is taken from PV supply and during non-sunshine hovers the supply is taken from Single Phase Grid

Supply.
Operation with PV System

The energy produced by the solar panel is fed to the pump trough a converter with two power stages

e DC-DC Boost converter with MPPT
e  Pump controller (converts DC voltage to three phase AC voltage set)
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FIGURE 2. Block Diagram of Pump with PV Array
Operation with grid (1-g ac) supply
The power from single phase supply is fed to pump through a converter with two power stages [3] [4].

e Diode rectifier with boost converter
e Pump controller (converts DC voltage to three phase AC voltage set)
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FIGURE 3. Block Diagram of Pump with Grid Supply
3. PVSYSTEM

PV Modules collect solar radiation from the sun and actively convert that energy to electricity. Are comprised of several
individual solar cells and function similarly to large semiconductors and utilize a large-area p-n junction diode. When the solar
cells are exposed to sunlight, the p-n junction diodes convert the energy from sunlight into usable electrical energy [5] [6]. The
energy generated from photons striking the surface of the allows electrons to be knocked out of their orbits and released, and
electric fields in the solar cells pull these free electrons in a directional current (D.C.), from which metal contacts in the solar
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cell can generate electricity. The more solar cells in a PV Module and the higher the quality, the more total electrical output the
PV Module can produce. The conversion of sunlight to usable electrical energy is otherwise known as the Photovoltaic Effect.
The photovoltaic effect arises from the properties of the p-n junction diode, as such there are no moving parts in a Factors that
affect the output of are weather conditions, shade caused by obstructions to direct sunlight, and the angle and position at which
the PV Module is installed. PV Modules delivers the best output when placed in direct sunlight, away from obstructions that
might cast shade, and in areas with high regional solar insolation ratings. PV Module efficiency can be optimized by using
dynamic mounts that follow the position of the sun in the sky and rotate the PV Module to get the maximum amount of direct
exposure during the day as possible. Simulation of Solar panel: A simple modeling is chosen for MATLAB modeling and

Simulation. A simple PV cell is represented by a light dependent current source (lsc) in antiparallel with a diode driven by
current g [2] and a series resistance in the current path through semiconductor material, the metal grid, contacts and current
collecting bus [4][5]. The presence of diode determines the output V-1 characteristics of solar cell. The parallel resistance
associated with a small leakage of current through a resistive path in parallel with an intrinsic device [5][6] is very large, so its
effect is very less and is neglected. The equations which govern the characteristics of solar cell are:

| = Isc— Io[eq(VHRs)/nKT _1]
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The single diode equivalent electrical circuit of solar cell is shown in fig 4 the solar cell is constructed in MATLAB by using
current source and diode here Rs (mQ) is series resistance of solar cell which is very small to allow maximum current, Rsh
(KQ) is parallel resistance of solar cell and Irr is solar radiation in W/m2,
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FIGURE 4. Equivalent circuit for solar cell in MATLAB simulation

4. DC-DC BOOST CONVERTER WITH MPPT ALGORITHM

DC-DC boost converter: Boost converter steps up the input voltage magnitude to a required output voltage magnitude without
the use of a transformer. The main components of a boost converter are an inductor, a diode and a high frequency switch. These
in a coordinated manner supply power to the load at a voltage greater than the input voltage magnitude. The control strategy
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lies in the manipulation of the duty cycle of the switch which causes the voltage change [8]. There are two modes of operation
of a boost converter. Those are based on the closing and opening of the switch. The first mode is when the switch is closed;
this is known as the charging mode of operation. The second mode is when the switch is open; this is known as the discharging
mode of operation

e Charging Mode
e Discharging Mode

R
/ o e ﬁ

LR

FIGURE 5. Circuit Diagram of DC-DC Boost Converter

Charging Mode: In this mode of operation; the switch is closed and the inductor is charged by the source through the switch.
The charging current is exponential in nature but for simplicity is assumed to be linearly varying. The diode restricts the flow
of current from the source to the load and the demand of the load is met by the discharging of the capacitor Discharging Mode:
In this mode of operation; the switch is open and the diode is forward biased. The inductor now discharges and together with
the source charges the capacitor and meets the load demands. The load current variation is very small and in many cases is
assumed constant throughout the operation [7]
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FIGURE 6. Wave forms of Boost Converter

Copyright@ REST Publisher 46



Kalyani Radha et.al / Renewable and Nonrenewable Energy 5(1), 2026, 43-54

Implementation of MPPT using a boost converter
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FIGURE 7. Circuit Diagram of Boost converter with MPPT

MPPT Algorithm: The Perturb & Observe method implements a hill climbing technique, which works well in slow changing
Environment but has some limitations under rapidly changing atmospheric conditions. The methods may lead to incorrect or
slow maximum power point tracking. To overcome such problems, the Perturb & Observe method, isolates the fluctuations
caused by the perturbation process from those caused by the irradiance or weather change. This method adds an irradiance-
changing estimate process in every perturb process to measure the amount of power change caused by the change of atmospheric
condition. Because the estimate process stops tracking maximum power point by keeping the PV voltage constant, the tracking
speed of Perturb & Observe method is only half of the conventional Perturb & Observe method [7] [9].
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FIGURE 8. Perturb & Observe MPPT Algorithm

5. VARIABLE SPEED DRIVE (VSD)

With the arrival of power electronics, new impulse was given to variable speed applications of AC machine. The former
typically use thyristor controlled rectifiers to provide high performance torque, speed and flux control. Variable speed IM drives
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use mainly PWM techniques to generate a polyphase supply of a given frequency. Most of these induction motor drives are
based on keeping a constant voltage/frequency (V/f) ratio in order to maintain a constant flux in the machine. Although the
control of V/f drives is relatively simple, the torque and flux dynamic performance is extremely poor. The controlling technique
used is constant torque Sensor less flux vector control with PWM type motor control [13].
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FIGURE 9. Block Diagram of Variable Speed Drive

The fig 9 shows the internal circuit of Variable Speed Drive the control technique used is Sensor Less Field Orientation Control.

6. SIMULATIONS AND RESULTS

The simulation results of pump with single phase AC supply are
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FIGURE 10. MATLAB Diagram of Pump with Single 1-ph 230V AC Supply
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The simulation results of pump with PV system are

Constant Constent
tor que spend
0 Discrote, 316
TewTes -
Torque P
stop Torque Vector Control reference step
selection speed
(N.m) selection
pulses speed (rad/s)
Constant
™™ 9 —
+ avae . ,—| 1000 '
A A I
—{m
- 8 e -
- or
c Boost Converter Solwr modules
With MPPT
Induction Motor IGAT Inverter
1THP/230V

Scope

Vab
e D

o

A
labe (A)
“Mokr speed (wm)»

At Solar Radiation 1000W/m?

b=

>
» |
‘Mﬂqmlc torgue Te (N"m)»
Gain |"
1 m
z
Speed

FIGURE 14. Simulation Diagram of Pump with PV system
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FIGURE 19. PV Voltage Vpv in Volts

[
i A

= =

=]

—

FIGURE 20. Output Waveforms of V, I, and Speed
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The simulation Results are tabulated as:

TABLE 1: Simulated results of pump with solar operation
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FIGURE 22. Plot of Frequency Vs AC voltage output

7. CONCLUSION

Irradiation in W/m? | Solar PV VoltgeVpv in Volts | Boosted Voltage Vdc in Volts | AC Voltage Vac Output in Volts Fi:]eauzency Speed in Rpm
1000 288.8 351.9 234.6 48.69 2921
950 2744 334.2 228.6 47.34 2840
900 260 316.5 223.8 46.95 2757
850 245.6 398.9 2113 44.52 2671
800 231.2 281.2 198.84 43.05 2583
750 216.8 263.5 186.32 41.52 2491
700 2024 245.8 173.8 39.93 2396
650 188 228.1 161.29 38.28 2297
600 173.6 2105 148.84 36.55 2193
550 159.2 192.8 136.33 34.75 2085
500 144.8 175.1 123.81 32.84 1970
450 1304 157.4 111.3 30.82 1849
400 116 139.7 98.78 28.66 1719
350 101.6 122 86.26 26.33 1580
300 87.19 104.3 73.75 23.79 1427
250 72.8 86.62 61.25 20.96 1258
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The model used for simulations of AC water pump gives results within a reasonable range. The accuracy of model is, uncertain
because the parameters are only estimates. If tests could be run on the real water pump motor or an equivalent sized motor to
determine reasonable entries to SIMULINK block parameters, this could lead to more accurate simulation runs. Also, simply
increasing the size of system and using a larger motor could allow for better results in SUMILINK, though many PV water
pumps rarely use such large motors.From the simulation results the variations in pump characteristics are observed with
variations in solar irradiation.Thus, Solar PV powered pump solutions be a one- stop solution for sustainable agriculture.
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