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Abstract—A water pumping system needs a source of power to
operate. In many rural areas, water source are spread over many
miles of land and power line are scare. In such area’s PV systems are
highly reliable and are often chosen because they offer the lowest
life-cycle cost.

This paper deals with the performance analysis of water pumping
system using P.V system. In this we have designed a circuit such that
it delivers constant and stepped up D.C voltage to the load connected
to a PMDC motor. Two types of techniques used in this paper; those
are without MPPT and with MPPT by which the duty cycle of boost
converter can be controlled. In without MPPT method P.I controller
is used to obtain constant output voltage of boost converter by
controlling the duty ratio of converter. In MPPT method, P&O
technique of MPPT is used to sample the output of the cells and use
desired load to obtain maximum power. The comparison analysis is
done on the basis of with and without MPPT method. The complete
model is designed by a simulation program MATLAB/Simulink.

Keywords: PV PANEL, BOOST CONVERTER, PMDC MOTOR,
MPPT, Pl CONTROLLER

1. INTRODUCTION

The entire world is facing a challenge to overcome the hurdle
of energy crisis. The diminishing deposits of non renewable
energy resources such as coal, natural gas, fossil fuels etc.
have added to this worry. It is thus fairly evident that a need
exist for developing alternative energy sources. The
immediate need would be to vitiate the problems caused by
depletion of oil and natural gas, while the long term need
would be to develop means that can replace coal and fossil
fuels. Rapid population growth and industrialization, demands
for an increased amount of electrical energy. Solar energy is a
renewable, inexhaustible and ultimate source of energy. If
used in a proper way, it has a capacity to fulfill numerous
energy needs of the world. The power from the sun intercepted
by earth is approximately 1.8 x 1011MW [1].This Fig. , being
thousands of time larger than the present consumption rate
enables more and more research in the field of solar energy so
that the present and future energy needs of the world can be
met. Thus Even though the PV system is posed to its high
capital fabrication cost and low conversion efficiency, the
skyrocketing oil prices make solar energy naturally viable

energy supply with potentially long-term benefits. PV module
represents the fundamental power conversion unit of a PV
generator system. The output characteristics of PV module
depends on the solar insulation, the cell temperature and
output voltage of PV module. Since PV module has nonlinear
characteristics, it is necessary to model it for the design and
simulation of maximum power point tracking (MPPT) for PV
system applications. The mathematical PV models used in
computer simulation have been built. [2] - [3]. Almost all
well-developed PV models describe the output characteristics
mainly affected by the solar insolation, cell temperature, and
load voltage. Recently, a number of powerful component-
based electronics simulation software package have become
popular in the design and development of power electronics
applications. However, the Sim Power System tool in
Matlab/Simulink package offers wind turbine models but no
PV model to integrate with current electronics simulation
technology. Thus, it is difficult to simulate and analyze in the
generic modelling of PV power system. This motivates me to
develop a model for PV cell, module, and array using
Matlab/Simulink. However, the solar energy is a dilute source
of energy and its availability varies widely with time. So, it is
very necessary to make a complete utilization of solar energy
in available time. Many maximum power point tracking
algorithms are available for a solar panel in order to produce
maximum output. It is very necessary that it is operated
consistently at the maximum power point. The Perturb &
absorb Method of MPPT is described here with its maximum
power point

1. System parameter analysis The parameter analysis of the
system is shown as:

(a) Rating of PMDC motor: - For the rating of PMDC
motor, we have to know about the output power, required
to load (pump), which is connected to PMDC motor. So if
the pump shaft power is-

Ps=Hydraulic power/Pump efficiency

Consider, hydraulic power is 42.3W and pump efficiency is

75%, then the pump output power is 56.5W.So the PMDC

motor rating is 70W, selected for such application. Now, if


mailto:1Mnjsharma324@gmail.com�
mailto:2Mfaisaljalil@gmail.com�

Performance analysis of Water Pumping System using Solar P.V 245

consider efficiency of motor is 80%, then boost converter with g Is the charge of electron = 1.6x10-19 (coul).

a power rating of 85W is selected. K is the Boltzman constant (j/K).

(b) Sizing of PV panel: - Considering the efficiency of boost
converter is 90% then,

PV array size=85/0.9=94.4W Rs, Rsy are cell series and shunt resistance (ohms).

T is the cell temperature (K).

With considering the PV panel operating factor 0.75 and  V is the cell output voltage (V)
mismatch factor 0.85 then,

PV array size=94.4/0.75*0.85=148W

2. DESCRIPTION OF THE PUMPING SYSTEM
Fig. (1) shows the block diagram of a water pumping system.

In which a PMDC motor is feed by a PV array using boost
converter and MPP Tracker.

PV Boost PMDC
array Power Converter | Power Motor

MPPT DAC

Fig. 3 Simulation of the PV array

Fig. 1: Block diagram of entire system

(a) Photovoltaic source: - a solar cell basically is a p-n 9l
semiconductor junction. When exposed to light, a dc
current is generated. The generated current varies linearly
with the solar irradiance. The standard =
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Fig. 4: 1-V characteristics of solar array
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Fig. 2: Equivalent circuit of solar PV cell o0
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The basic equation that describes the (I-V) characteristics of

the PV model is given by the following equation: £
q(V+IRg) ol

==l (e —1) - W
SH 3000
Where: 200
I is the cell current (A). iasok

I, is the light generated current (A).

lo is the diode saturation current. ) o
Fig. 5: PV characteristics of solar array

Journal of Energy Research and Environmental Technology (JERET)
Print ISSN: 2394-1561; Online ISSN: 2394-157X; Volume 2, Number 3; April-June; 2015



246

Manoj Kumar Sharma, Mohd.Faisal Jalil and Ravi Gupta

(b) MPPT Technique: - The efficiency of a solar cell is very

low. In order to increase the efficiency, methods are to be
undertaken to match the source and load properly. One
such method is the Maximum Power Point Tracking
(MPPT). This is a technique used to obtain the maximum
possible power from a varying source. In photovoltaic
systems the I-V curve is non-linear, thereby making it
difficult to be used to power a certain load. This is done
by utilizing a boost converter whose duty cycle is varied
by using a MPPT algorithm. Few of the many algorithms
are listed below [3], [4], [5] and [8].
A boost converter is used on the load side and a solar
panel is used to power this converter. There are many
methods used for maximum power point tracking a few
are listed below:

* Perturb and Observe method
* Incremental Conductance method
* Parasitic Capacitance method
« Constant VVoltage method
» Constant Current method

Perturb and Observe method: - This method is the most
common. In this method very less number of sensors are
utilized [5] and [6]. The operating voltage is sampled and the
algorithm changes the operating voltage in the required
direction and samplesdPdV. If dPdV is positive, then the
algorithm increases the voltage value towards the MPP until
dPdVis negative. This iteration is continued until the
algorithm finally 16 reaches the MPP. This algorithm is not
suitable when the variation in the solar irradiation is high. The
voltage never actually reaches an exact value but perturbs
around the maximum power point (MPP) Flow chart for
perturb & observe:

Beginning
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Fig. 6: Flow chart of P & O technique

3. SIMULATION RESULTS

The PV module of 148W and 70W PMDC motor, 57W pump
is used for this analysis. The simulation results are given
below:

(a) Without MPPT: -Fig. (7) shows the input voltage of the
PV array and output voltage of the boost converter.

put valage.

Fig. 7

Fig. (8) shows the machine characteristics of PMDC motor
without MPPT.
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Fig. 8
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(b)With MPPT: -Fig. (9) shows the output voltage of the
boost converter.
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Fig. (10) shows the machine characteristics of PMDC motor
with MPPT using P& O technique.
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Fig. 10

By comparing the above results, we conclude that the power to
the PMDC motor with MPPT is much more than the power to
the PMDC motor without MPPT.

4. CONCLUSION

In this paper design and simulation of a PMDC motor based
PV pumping system is done. Simulation results show the
effective performance of the PMDC motor. In this better
performance of PMDC motor is achieved by using a MPPT
with P & O technique in comparison of using without MPPT.
Now a day’s PMDC motor is one of the latest choice due to
their linear torque speed characteristics and high torque, more
compact size.

Advancements in power electronics and digital signal
processors have added more features to these motor drives to
make them more prevalent in huge application.
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