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1. INTRODUCTION

Photovoltaic array system is likely recognized andely utilized to the forefront in electric power
applications. It can generate direct current eilgitgrwithout environmental impact and contaminatiwhen
is exposed to solar radiation [1]. Among the rend@@&nergy resources, the energy through the Pblbéiy
(PV) effect can be considered the most essentidl @erequisite sustainable resource because of the
abundance, and sustainability of solar radiantgner

Generally solar power generation consists of a Bdya a dc-dc converter and an inverter [2].
Maximum power is trapped using a boost convertewkich fuzzy logic control is applied. The boost
converter used to boost the low voltage of solant@pltaic array. The classical inverter gives omitp
voltage lower than the dc link voltage due to thiig size of output transformer is increased thesowerall
cost of the system increases and efficiency deeseddere new voltage source inverter is proposéiddca
boost inverter [3]-[4] which naturally generates amtput AC voltage larger than input voltage. Block
diagram of Proposed System is shown in Fig 1.

Initially, the dc output voltage from the PV arraygiven to the boost dc-dc converter which boosts
the output voltage of the PV array as well as @ufates its output voltage irrespective of the atioh in
solar radiation and temperature. Fuzzy logic cdietr® help to track the Maximum power from fluctioatin
photovoltaic array [11]-[12]. The PWM control isgwided in order to regulate the output voltage ref t
boost converter [5].
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Figure 1. Block Diagram of Proposed System

Then the dc voltage available at terminals of tha#tdoy is fed to a dc- ac boost inverter. This
inverter converts 98 V dc voltage in to 230 V adtage which is readily available for residentiabdis
without using any transformer. So by using thidteéque it reduces the cost of the overall systemwealkas
an increased efficiencyrhis boost inverter provides current with sinusbiaveform and able to deliver
energy with low harmonics. Therefore PV power gsyste designed, modeled and simulated with resistive
inductive, and single phase induction motor load].[Total harmonic distortion also reduces to pmefe
range.

2. OPERATION OF PROPOSED METHOD
A solar PV power generation system shown in Figyréor a standalone small residential load is
designed, modeled and simulated using MATLAB/SIMNKI
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Figure 2. Circuit Diagram of Proposed System

First the dc output voltage from the PV array igegi to the boost dc-dc converter which boosts the
output voltage of the PV array as well as it retpdats output voltage irrespective of the variatio solar
radiation and temperature by using Fuzzy logicrdier [11]. And this is intend to control dc-dorverter
with PWM control technique. In most applicatiortse PV array acts as a power source to energizeatevi
capable of storing electricity. However, the capacf solar generation systems depends heavilyhen t
presence of light. At night, a current could floack into PV cells from the bus. However, reverseent
must be avoided because it causes leakage lossisesd damage, or could even cause a fire. Bloatiode
is effective to prevent reverse current flow. le telection of blocking diodes, the boost convdrpology
shows significant advantages over the buck converte

In the boost converter topology, the freewheelifadd serves as the blocking diode to avoid the
reverse current. Irrespective of variation in saktiation and temperature, the system should awimgck
maximum power to make the system more efficientthesphotovoltaic being intermittent source of pgwe
cannot meet load demand all the time of the yehe. @nergy tracking storage is therefore, a de$aatire
to incorporate with renewable power system, padity in standalone plant. It significantly impra/¢he
supply availability. Then the dc voltage availabteterminals of the battery is fed to a dc- ac baogerter.
This inverter converts 98 V dc voltages in to 230ms which is readily available for residential dsa
without using any transformer.

The proposed power generation is applicable toleipipase residential load and single phase
induction motor. Obtained output voltage and curresveform of proposed system shown in Fig.9. Dexdai
analysis is presented in subsequent sections.
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A) PV Cell

A solar PV cell consists of the semiconductor makevhich converts solar radiation into the dc
current using the photovoltaic effect [1]. The mosportant qualities of a solar cell are descritbydthe
Voltage-current characteristic. The equivalentwiirof the general model which consists of a phatoent,

a diode, a parallel resistor expressing a leakaget, and a series resistor describing an inteassstance
to the current flow, is shown in Fig.3. The voltagerent characteristic equation of a solar cefjiien as

I'=1Ipy —lo[exp {==(V + RsD)} = 1] = (v + Rs)/Rgy 1)

wherelprHis a light-generated current or photocurrésis a cell saturation of dark curregt(= 1.6
x10°C) is an electron chargé, (= 1.38 x10?J/K) is a Boltzmann’s constaric is the cell’s working

temperatureA is an ideal factorRsHis a shunt resistance, aRdis a series resistanc€he output power of
solar paneis expressed by

P=1IV=1Iy—Id— %)V = (Ipy — 1)V )
Rs
[eH ’ ———
|fr’ N\l D é RsH v
L/ '

st

Figure 3. Equivalent circuit of a PV cell

By connecting solar cell in series, a solar PV medsi formed and this module has 60 cells for eéesir
output voltage and current, the proposed solar BWep generation system consists of six modules in
parallel and three modules in series. This arramgers called solar array. It is then connecteddost

converter for boosting low voltage into high vokagdrhe effect of temperature on the current-voltage
characteristics of a solar cell is shown in Figliwre

40

35 — _
T O\
— = 4
g 25
E ap |
z Vo
3 . ST 1
3 is T=60°C | I".
L
0 —— T=45C | I'.
T=25°C Lo
0.5 1 §
II
X :
1] o1 02 0.3 0.4 (13- 0.6 o7
Voltage (V)

Figure 4. Characteristics of PV Cell

B) Fuzzy logic controller

The nonlinear nature of PV system is apparent fiteencurrent and power of the PV array depends
on the array terminal operating voltage. In additibhe maximum power operating point varies with
insolation level and temperature. Therefore, thacking control of the maximum power point is a

complicated problem. To overcome these problenagking control system has been proposed by fuzzy
logic controller (FLC).
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Figure 5. Rule base of Fuzzy Logic controller

FLC requires the expert knowledge of the processaipn for the FLC parameter setting, and the
controller can be only as good as the expertiselved in the design. Fuzzy logic has the advantfige®
face the imprecise and uncertainty. And this kifdfuzzy logic control can be easily made by digital
microcontroller unit. It contains three units agfzzification, (ii) fuzzy rules, and (iii) defuification. The
voltage and current values are scaled and norndalinel through the membership functions. Membership
function values are assigned to the linguistic alalgs, using seven fuzzy subsets: NB (negative D)
(negative small), ZE (zero), PS (positive smalljd #B (positive big). The fuzzy control implementeete
uses triangular membership functions. Rule bagezafy logic controller shown in Figure 5.

Fuzzy controlled Boost converter shown in Figurer&cks the maximum power point of a PV module at
given atmospheric conditions very fast and effitienThe sudden change in atmospheric conditionfissthe
maximum power point abruptly which is tracked acalgaby this controller [12]. The peak power obtairiemn
the PV module. If implemented, this method can iaseethe efficiency of the PV system by quite a lacpgde.
Since the proposed approach requires only the merasmt of PV array output power and not the measureafe
solar irradiation level and temperature, it decesathe number and cost of equipment as well as ¢sgm
complexity.

C) Boost Converter

Output voltage is higher than the input voltaiges called boost converter. It is implementecthiis
proposed system by using a diode and a MOSFEThdrbbost converter the average output currensis le
then the average inductor current. and a much highe current would flow through the filter capacitue
to this reason a large value of the inductor alterfcapacitor is required than those of buck coeveHere a
series connection of a dc—dc converter output wigihotovoltaic panel is proposed for high efficigri€ach
panel is connected in series to a dc—dc convélrter duty cycle of a boost converter is given by as,
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Figure 6. Boost converter frame circuit
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Duty cycle (D) =1 — (Vi) ()

Vout

where Vin is input voltage of the boost convertdiich is the output of PV array. For this analysis Vin is
varying between 58-64 Volts and Vo is the outputage of boost converter, which is constant at 98 V

The PWM control is provided in proposed system ggutate the output voltage of the boost
converter [5]. Output voltage of boost convertestiswn in Figure 6. The dc-dc converter is respgdador
the regulation of the output voltage at peak popant while also providing a constant voltage fbaring
a battery.

D) Boost Inverter

Boost dc—ac inverter, also known as Boost inveiteconsists of two individual dc-dc boost
converters, as shown in Figure 8. In this invettg@ology, both individual converters are driventisp 180°
phase-shifted dc-biased sinusoidal references wtidfsgential output is an ac output voltage. THed of
controlling [8] the phase shift between two boastd converters to achieve a dc-ac inverter is ptegided
by the theory of phase modulated inverters.

load
+ +
converter| =

Vi converter
A Va b i B

Figure 7. Block diagram of boost inverter

Figure 8. Circuit diagram of boost inverter

The blocks A and B represent dc—dc converters shiavwgigure 7. These converters produce a dc
biased sine-wave output, although each source pesdonly a unipolar voltage [4]. The modulatioreath
converter is 180° out of phase with the other, Whitaximizes the voltage excursion across the loae.
load is connected differentially across the corerartThus, whereas a dc bias appears at each ¢melload,
with respect to ground, the differential dc voltaggoss the load is zero. Thus a bipolar voltageugiut is
obtained by a simple push pull arrangement. Oneitapt requirement is that the dc—dc convertersl nee
have bidirectional current carry capability. Thenpiple of boost inversion with two dc—dc convestean be
explained through the current bidirectional boastdt converter.

For a dc—dc boost converter, by using the averagimgept, the input—output voltage relationship
for continuous conduction mode is given by

v, 1

Ve~ 1D @)

where D is the duty cycle. The voltage gain, fog thoost inverter, can be derived as follows:
assuming that the two converters are operateddil805f phase. Then the output voltage is given by

Vin Vin
V0=V1_V2=T__ (5)
1-D D
Vo _ 2D-1
Vin  1-D (6)

The boost dc-ac inverter exhibits several advasstatiee most important of which is that it can
naturally generate an ac output voltage from a tose=input voltage in a single power stage. Thisdto
inverter achieves dc-ac conversion by connectirgyltfad differentially across two dc-dc convertensl a
modulating the dc-dc converter output voltage simed without using transformer [8]. The proposexb$t
inverter circuit has several desirable featured asclow cost and compact size as number of svataked,
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are limited to four as against six switches usedassical two-stage inverters. The output wavefofinoost
inverter is shown in Figure 10.
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Figure 9. Output waveforms of Boost converter Figure 10. Output waveforms of Boost inverter
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3. SIMULATION RESULTS

The component values of inductors L1, L2, capasitot and C2 are obtained from the design and
fine tuned based on simulation results. The sirmadabf the complete system is carried out in the
MATLAB/SIMULINK software environment. Resistive (R)jnductive, non linear type loads and single
phase induction motor load are considered fornliestigation as an isolated operation of solar @laitaic
system with the proposed system. The output waretdrproposed circuit is shown in Figure 11.

After analyzed, Total Harmonic Distortion of theoposed system provides 1.56% for resistive load
shown in Figure 12 and 6.83% for inductive loadveindn Figure 13. This will provide better econonaied
technical advantages. The simulation results sh@awthis system is able to adapt the fuzzy paraisébe
fast response, good, transient performance, inbem$d variations in external disturbances. Tlyistem can
provide energy to a utility with low harmonics.i$t also evident from the results, that the totahienic
distortion of the output inverter current wavefoatndifferent solar panel voltage levels can be ta#ied
close to the specified regulation limits of thdityti
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Figure 13. Harmonic order for Inductive Load

4. CONCLUSION

This proposed scheme has been found economicaéfiinéént conversion system for converting
the output dc voltage from PV array in to ac 230Nsr The output power of solar PV power generation
system is used to feed a single phase resideatidlat 230 V and also single phase induction minathis
paper, an intelligent control technique using fulogic control is associated to an MPPT contratieorder
to improve energy conversion efficiencyhe boost inverter used here has economical asasetbchnical
advantages over conventional voltage source inveBienulation results on different loads are weithim
THD acceptable range. This proposed technique ¢tiag $eatures such as it reduces the cost of thelbve
system, compact size as well as an increasedexftigi
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