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ABSTRACT: In any PV based system, the inverter is a crittwahponent responsible for the control of electyiibw
between the dc source, and loads or grid. Thisrgaqesents a solar PV generation system integtattite grid. The results
of matlab modeling of the system detail the comipagaperation of inverter topologies which are thaventional two level
inverters and multilevel inverter topology to redutotal harmonic distortions in grid voltage anactlomagnetic
interference. The proposed control scheme to néigle power quality issues for power quality imgment in grid
integrated DER simulated using MATLAB/ SIMULINK jmower system block set.

Keywords. Solar Photovoltaic (SPV), Boost converter, Neupaint clamped (NPC), Multi level inverter (MLIs}otal
Harmonic Distortions (THD), Voltage sources invei(¢Sl).

I.INTRODUCTION

In recent years, there has been an increasingsiter electrical power generation from renewalvlergy sources, such as
photovoltaic (PV) or wind-power systems [1], [2h& benefits of power generation from these soumeewidely accepted.
They are essentially inexhaustible and environntigrftéendly. Among the different renewable-energyurces possible to
obtain electricity, solar energy has been one ®htlost active research areas in the past decaatbsob grid-connected and
stand-alone applications [3]-[9]. The exponent#érof growth in the worldwide cumulative PV capadcs mainly due to
enhancement in grid-connected inverter topolodibe.PV array and the battery are connected to @g@rd via a common
DC/AC inverter. AC output voltage is created bytshing the full bridge in an appropriate sequeri€g-[11]. The inverter
topologies can be divided with two types, thatsingle and multi stage inverter. The single stageiiter has advantage such
as low cost, high efficiency, robust performandghhreliability and simple structure. On the otliand, the multi stage
inverter accept a wide range of input voltage \emes, high cost, low efficiency, complicated stured and isolated
topologies with high frequency transformers camaettpower from the source even when DC voltageiig low [12]. [13]
present the comparison of expense of power semimboid and passive components of a (2.3 kV, 2.4 Mufo-level,
three-level NPC, three-level flying capacitor, féewvel flying-capacitor, and five-level series cecnted H-bridge voltage
source converter on the basis of the state-of-thasulated gate bipolar transistors for industmiedium-voltage drives.
And illustrate that in three level inverter topojoget total harmonics distortion is reduced in dlgput wave form without
decreasing in inverter output power [14-18].

Photovoltaic systems require interfacing power esters between the PV arrays and the grid. Thegepoonverters are
used for two major tasks. First, is to inject auswidal current in to the grid. And second is thuee the harmonics content in
the grid injected voltage and current. Normallyréhare two power converters [19]. The first on@ BC/DC power converter
that is used to operate the PV arrays at the maxipawer point. The other one is a DC/AC power coterdo interconnect
the photovoltaic system to the grid. As shown inffi
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The classical single or three-phase two level MSIsormally used for this power converter type [13pwever, other
topologies have been proposed is the multi level. W&iltilevel converter topologies are a very imsting choice for
realizing this objective.
Multilevel power converters present several advgegaover a conventional two level converter such as

* Reducing switching frequency

e Output voltage with very low distortion and

* Reduced dv/dt stress [14-18].
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Fig.1: Grid connected solar panels with two stagyelision process

In order to obtain a galvanic connection betweengtid and the PV generator many PV systems ussvarpransformer,
avoiding that a leakage current may flow through ¢hpacitance between PV generator and ground. Sgstems use a
transformer embedded in a high-frequency DC/DC edmv. Others use a line frequency transformehatoutput of the
inverter as presented in the proposed model.

Related to these developments, this paper preaerda power converter structure for SPV systems.prbposed structure
uses twin configured three-phase three levels NBG ¥nd a line transformer. This structure is sggcdeveloped to use
with the central -string technology. A control systfor the MLI is also proposed. This control sysis based on a voltage
oriented controller with a pulse width modulato¥\(R1). Several experimental results are presentexder to confirm the
characteristics of the proposed system againstdheentional two level inverters topology.

1. CONTROL STRATEGIES

Among multiple functions of grid connected systert® current control plays one of the most impdrtashes. The
performance of the complete system largely dependhe quality of the applied current control spt It has to fulfill
basic requirements, such as low harmonic distodiothe output current, high dynamic response, legigun of the dc-link
voltage and, in a number of cases, provide bi-tizeal power flow. The desire to propose a curcamnttrol strategy which
combines most of these requirements has encouragey researches in the last two decades [12] [14].

A. Controller of Proposed dc/dc converter

The DC to DC boost converters is shown in fig.2ismportant component to reach the desire volag# in grid connected
system so as to reduce the complexity and ratintpefrequired PV modules. The voltage source pesvitie input DC
voltage to the switch control, and to the magniiid storage element.
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Fig.2: DC/DC boost converter with neutral pointraf@ng

The control signal or duty cycle is given by opeod switch control that directs the action of thitehing element, while the
output rectifier and filter deliver an acceptabl€ oltage at the output. The input of 200 voltsrespnted by ¥ is given
at the input terminal converter and in the contiauit the reference voltage which is requirediien as input signal i.e. 400
volts is represented by symbolsas shown in fig.3. These two signals are comparete PI controller and the controlled
output is given to the signal generator. And reggliic output voltage is given by equation (1).

Vet = \/m @)

V. =the line to line voltage of the AC-grid
M = modulating index

‘JI."L,_}'C
TRIANGULAR
WAVE 1
PI _’ GENERATOR —’ - PUTY CYCLE
‘lfrfr e

Fig.3: DC/DC converter controller

B. Controller of Proposed multi level PV inverter

In multilevel inverter we will use an fast switcigontrol mechanism i.e. the voltage oriented @abratpproach as shown in
fig.4 we have to use the active power feedback fgoith to control the active and reactive power flmwthe grid and to

maintain the grid current sinusoidal and withinafied limits. In controller the active power frognid is compared with the
reference power and the error signal is then fettiegpower controller which extracts the refereciwgent signal in direct
and quadrature axes through synchronous refereaceftheory. This again converted into three ploasgponent and this
reference voltage Vref is compared with the disee¢s component of the grid voltageyy g From which the error signal is
computed and further transform into phased compsnamd the supplied to the PWM generator which pritiduce the

controlled pulses for controlling the inverter sshiing state.

The control strategy uses a PLL based unit veetaptate for extraction of reference signal fromdrstorted output supply.
To get unit vector templates of voltage, the outmitage is sensed and multiplied by gain equdl/tg, whereV, is peak

Copyright to IJAREEIE www.ijareeie.com 3954



ISSN (Print) :2320-3765
ISSN (Online): 2278 —8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)

Vol. 2, Issue 8, August 2013

amplitude of fundamental output voltage. These weitor templates are then passed through a PL&yfochronization of
signals. The unit vector templates for differenagds are obtained as follows:

V, = sin (wt) (2)
V, = sin (wt — 120°) 3)
V, = sin (ot + 120°) 4)
Vdref
| Power controller 5=

L—— e
Vref —
dq 4» Control firing
wt PWM Generator pulse to Inverter

abc

Fig.4: voltage oriented control for three levelénters
C. Controller design for dc/ac two levels inverter

The controller plays an important role in contmaliand maintaining the proper functioning of theolghsystem by limiting
the system parameter in specified ranges. Heig.Bithe controller of grid connected two levels iAVerter is presented. As
shown in the fig.5 we have to use the power feekifraen grid to control the active and reactive poflew in the grid and
to maintain the grid current sinusoidal and witkirecified limits. In controller the grid power ismpared with the reference
power and the resultant signal is then fed to thvegu controller which extracts the reference cursggnal in dq axes. Which
again converted into three phase component andefgsence current is compared with the gird curaenl the error signal
fed to the hysteresis controller which directly gexies the control signals or firing pulse forithesrter to maintain the gird
current within specified limits.

e reas cument
i g confroller
. =L oo fF g prukes
Sower B
corinalier s
=T L —
1 Pmeas =l a0
meas

Fig.5: Controller design of two levels inverter
I11. SSIMULATION STUDY OF GRID CONNECTED THREE LEVEL PV INVERTER

The role of three level grid connected PV inveiteto improve power quality of grid tied solar powe system by reducing

THDs, increasing the voltage level.
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A. Proposed grid integrated PV system with thesel inverters

The base configuration of the proposed grid coretephotovoltaic system is presented in Fig.6 Tyé$esn consists of PV
module as a DC source, DC/DC power converters,llewel DC/AC power converter, a power transforpmesistive load

and an AC grid. The input supply is feed throughrRodule a dc source and this output voltage madeitis boost to
require level to obtain the line voltage the ddfdost converter is employed. The output of DC/D@db@onverters is the
DC power supplied to the multilevel DC/AC power gerter.

In this system the balanced voltage feed to theetbhases of grid is given as:

Va =V, Sin(wt) 5 (
Vb =V, Sin(wt — 120) (6)
Ve =V, Sin(wt + 120) %
Vi = ]/;;*\/2/\/3 8)(
Where , is the peak amplitude voltage.
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Fig.6: MATLAB Simulink model of grid connected PYstem with three levels inverter

IV.RESULTSAND DISCUSSIONS
The three levels inverter generates three-phasagesl and currents which are sinusoidal and baldrieetotal harmonic
distortion of voltage and current in grid tie thteeel inverter system in reduced to a large extesut the two level one. And
they provide reactive power compensation at PCC raddced electromagnetic emission. The results dstraie the
effectiveness of the proposed MLI based grid cotetePV system.
Fig.8 (a) shows dc source voltage and currentrigetihevels inverter based grid connected SPV sygtan8 (b) shows dc
source voltage and current in two levels invertesda grid connected PV system. And it is clear footh the result that the
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magnitude of voltage and current generation atithigoosting stage in two levels that genera00 volts, 20 amperes is less
than the three level one which generates approristarp 400 volts, 50 amperes and high distortioaritains

v_oc

v_oe
T T T T T T T T

S Y N N S E—

1o0c

(a) (b)

Fig.8 (a) & (b) DC voltage and current output frcdc/dc boosconverter in 3 levels & 2 levels inverter based gonnectec
SPV system.

Fig. 9(a)shows the flow of active and reactive power iny@t with threelevel inverter model. And Fig. 9( shows the flow
of ‘P’ and ‘Q’ power in p.with two level invertemodelsat inverter and grid. The difference is clearlylaated that the
three level inverter based system provi'Q’ power compensation tilie grid along with high ‘P’ powegeneration i.e. about

L
T T T T T T ! !

[ SO S S,

@ (b)
Fig. 9(a) & (b): Activeand Reactive power of infinite tin 3 level & 2 level invertebased grid connected SF
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Fig.10 (a) & (b) consistthree phase voltage and current waveforms of tlened & two level inverter and grid. And it is
clearly shown from the waveforms of both figureattthe three levsinverter gives highly sinusoidal waveform of cuitr
and voltage with higher magnitude and lower flutitwralevel.

u ;; - -
| .‘ ‘ et {11111

Fig. 10(a) & (b): Three phase voltage and curréimtwerter and infinite bus in three levels & twewvkl inverter based

connected SPV system.

Fig.11(a) & (b) clarify the difference iTHD level of the two proposed system that in tHesel inverter system is 0.37%
in the inverter output voltage and in two levelener system the output voltage distortion levél8$1% which is too gh
that inversely effects the quality of power in tréd interacte DER'’s that is not permissible according to IEEEhdtds
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Fig.11 (a) & (b): Total harmonic distortion level three level & two level inverter voltag
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Fig.12 (a)&(b) the THD content in the grid or infimbus current in three level inverter basedesysit is 5.93% while in
two level inverter system it is 197.67% a largdatiénce in the level of distortion at same inpuviated to the system.
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Fig.12 (a) & (b): Total harmonic distortion level three & two level inverter currents

TABLE |
Comparison between THD level of two and three l@wetrter based system
THD; (grid) THD, (inv)
Two Leve Inverter 197.67% 38.519
Three Level Inverter 5.93% 0.37%

V.CONCLUSION

The MLlIs are very beneficial as the number of siéin inverter increases this increases the tehialverter the harmonics
distortion in AC output voltage and current decesast also provide reactive power compensatioth@AC grid and
reduction in electromagnetic emissions becausedpeyate on lower switching frequency.
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