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Abstract
This paper presents a model of solar photovolteigyafor charging a battery in Matlab/simulink. i§h
model is used to extract the parameters of a sotatule under continuous irradiation. An array of Riddules
created and tested for continuous solar insolatidhe output from this array system is providedrgmit to the
Boost converter to produce a regulated output &f. Hegulated output from the converter is usedctmarging a
battery which can be used for powering any appticafThe entire model is simulated and verifiedifsrsuitability
to implement in real time and the resulting outpaite presented here. This model can be used asia foa

prototype hardware construction in real time.
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I ntroduction

The Renewable energy sources are becoming
popular nowadays in the field of energy generation
meet the energy demand. Among the different sources
available, solar energy is considered as the loests of
energy as it does not produce any pollution. Tharso
module uses the principle of photovoltaic whichedity
converts the incoming light radiation into eledtsic
This is mainly used for power generation becausisof
modular in nature which can be easily modified dogy
level of requirement. It remains functioning forlang
period without requiring major maintenance. The
drawbacks of the system are high capital cost aetin
for many storage devices to store the energy

A model for solar PV cell has been

created to extract the physical parameters asdidumof
temperature and solar radiation and experimental
validation also done [1]. The internal parametdrsatar
PV cell such as ideality factor, series and shesistance
are extracted using a method which is represemnied i
block diagram simulink model [2]. Simulation of Nkt
based Solar PV module with MPPT using incremental
conductance for various insolation levels has Hested
in [3]. A mathematical model of solar PV module has
been developed, I-V and P-V characteristics of Hth w
60 W and 64W are simulated and verified with dékees
value [4].An accurate two diode model representatib
PV cell has been developed using Matlab / simudind
the effect of series and shunt resistance has been
observed [5].A generalized PV model which is inahggd
solar PV cell, PV module and array has been created

with  Matlab/Simulink and been verified with a
commercial PV module [6].In this paper a Matlab/
Simulink based solar PV model is developed and the
output parameters are determined. Then a PV amgay i
developed for required level of output value usthg
tested PV module. The output from PV array is git@n
the DC-DC boost converter for regulating the output
voltage to 24V. Then the regulated output voltage i
provided as input for charging the battery.

M odel of Solar Photovoltaic Module

A solar PV cell produces an output voltage of
around 0.6V. To increase the voltage level, mariis ce
are connected in series to form a PV module. This
module in turn can be either connected in seriezhant
to improve the voltage or current level respectivélhe
solar cell used for designing a module has the¥ohg
characteristics shown in table 1. The interconoectf
20 solar cells in series is shown in figure 2 forasnBV
module. To determine the output parameters such as
current, voltage and power of the solar modulesa set
up is developed here which is shown in figure lisTast
model consists of a voltage sensor and currenbsdos
sensing the output voltage and current from PV rfexdu
The input is continuous solar radiation of 1000 \W/fo
convert the constant data to solar irradiationraulink-
Physical signal converter is used at the input .side
Similarly a Physical signal to simulink convertsrused
at the output side to change the physical signal to
computational data. The output of the sensorsviergto
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a multiplier to find the output power. A solver blois
used to carry out continuous simulation and contjrta

Table 1. Parameters of a Solar Cell

Parameters Values
Short circuit current 4.34 A
(Isd

Open circuit voltagg 0.6 V
(Voo

Solar Irradiation (}) 1000 W/m
Quality Factor (N) 1.5
Series Resistance KQ)]

Figure 1. Modd of Solar PV moduleto test output

parameters
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Figure 2. Model of Internal architecture of a Solar PV
module
Model of Solar Photovoltaic Array
The PV module tested above is used for

construction of solar array. Here 6 PV modules are
connected in parallel to enhance the current le¥¢he
array. This PV array model is irradiated with canbus
solar radiation of 1000 W/m Using a solver
configuration, the output parameters are determihad
entire PV array model for determination of output
parameters is shown in figure 3.
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Figure 3. Model of Solar PV Array to test output
parameters

Model of DC-DC Boost Converter

The output of the PV array is connected to the
input of DC-DC boost converter. The boost convegter
power electronics circuit which is used to convect
voltage at lower level to another dc voltage athkig
level. They generally perform the conversion bylging
a dc voltage across an inductor for a period ofetim
which causes current to flow through it and starergy
magnetically, then switching this voltage off aralising
the stored energy to be transferred to the voltagput
in a controlled manner. The output voltage is ratpd
by adjusting the ratio of on/off time of the pulse
generator. ThePulse-width modulatiofPWM) signal
allows control and regulation of the total outpottage.
Since the output of solar array is variable dcagd, a
boost converter is required to produce constanilated
high dc voltage. In this project, a boost conveiiter
designed to step up 12V to constant 24V outputO&b 5
duty cycle of PWM signal with switching frequency o
20 kHz.
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Figure 4. Circuit diagram of Boost converter

The dc-dc boost converter shown in figure 4 is
operated in two modes.
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Mode-1: When the MOSFET switch is in ON state
(closed), the whole circuit will be divided into awoops
one at the output side and another at the inpet Jitie
closed loop at input consisting of inductor getarged
by the current flowing through the loop during this
period. This current will increase linearly tillehime the
switch is in closed condition. In the same timeeiaal,
inductor voltage is also high as it is not delivkte any
load but to itself. Diode is off during this mod€éhe
equivalent circuit representation of mode 1 is smaw
figure 5.

1]
I
o

Figure5. Equivalent Circuit of Mode 1

Mode-2: When the switch is in OFF state
(Open), there will be a closed loop consisting oWpr
source, inductor and RC load. The energy storetthén
inductor during ON state is discharged to the Radlo
circuit through the diode. Thus inductor current is
reducing linearly, charging the capacitor at thediside.
The equivalent circuit for mode 2 is shown in fig@:

iL
/ T e e
oV -
s ic
— vde

+
- C Rg Wour

L

Figure®6. Equiv;Ient Circuit of Mode 2

Thus for closed switch time inductor gets
charged and capacitor is delivering the requireggrdo
the load, and for the opened switch time inductdr w
discharge supplying the full power to load and ghay
capacitor simultaneously. The model of boost camever
done in matlab is shown in figure 7.
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Figure 7. Model of DC-DC Boost Converter

M odel of Battery Circuit

PV panels only provide power during the
daylight hours and many applications require energy
when the sun is set, hence a battery is often netmle
store energy. A real battery has an internal te@sce
and is often modeled with an equivalent circuit
consisting of an ideal battery of voltaygin series with
some internal resistané. During the charge cycle, the
applied voltage needs to be greater than the latter
voltage and during discharge cycle; the outputagstis
less than ¥.
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Figure 8. Equivalent circuit of battery and |-V
characteristic graph.

Battery is an electrochemical device that
converts chemical energy into electrical energye Th
most commonly used battery is the lead acid battery
because of its low cost and simple charging procHss
cell in a lead acid battery consists of lead etetds in an
electrolyte of aqueous sulphuric acid. The anoduasde
up of lead and cathode is lead oxide. Inside thie tte
oxidation and reduction reaction takes place for
discharging and charging. The regulated output ftben
boost converter is fed to the battery circuit ftoriig
energy. Here two lead acid batteries are usedriesstor
storing the charge. Each battery has the following
characteristics shown in table 2. The complete rnfime
testing the battery characteristics is shown irurig
8.The discharge characteristics of the batterjxésvé in
figure 9.
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Table 2. Parametersof aLead acid Battery

Parameters Values
Nominal voltage 12V
Rated Capacity 6.5 Ah

Initial state of charge 100 %
(SOC)
Nominal discharge 1.3 A
current
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Figure 9. Model of Battery Circuit

Nominal Current Discharge Characteristic at 0.2C (1.3A)
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Figure 10. Discharge char acteristics of lead acid battery

Result and Analysis

The simulink model of solar PV module shown
in figure 1 is simulated and observed output wanafo
are shown in figure 11. It produces an output gataf
11.8 V, current of 1.2 A and power of 14 W for a
continuous irradiation of 1000 W/mSimulink model of
solar PV array is then simulated and the output
waveforms are shown in figure 12. In this case, the
output values are 11.75 V, 11.75 A and 137 W. The
output of solar PV array is fed to the boost cotereand
its regulated output is shown in figure 13. Theplip
factor of the output voltage is calculated using th
following formula;
Ripple factor ) = ( Vinax— Vimin) / Vavg
From the graph,
vy = (23.56 — 23.28) / 23.42
vy = 0.0119.
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Ripple factor of the boost converter output is édqoa
1.195%. The voltage across the battery is shovigume
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Figure 11. Output waveform of Solar PV module
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Figure 12. Output waveform of Solar PV array
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Figure 13. Output wavefor m of Boost converter
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Figure 14. Voltage acr oss Battery circuit

Conclusion

In this paper, a Matlab / simulink based Solar
PV array has been modeled and is connected to the
battery charging circuit through boost converter eAch
stage the output parameters like, voltage, cureemt
power has been determined. The boost converter
produced a step up voltage of 24V from 11.75 V tnpu
from PV array. This regulated dc output has a gppl
content of 1.19%. Two lead acid battery connected i
series is used for storing the energy. The chargimg)
discharging characteristics of the battery has been
observed. This simulink model can be used as a
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preliminary test and it forms the base for making
prototype hardware.
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