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Abstract- The photovoltaic system capable of operating irhbgid-connected and stand-alone modes. The
multilevel boost converter and line commutated fterehas been extracting the maximum power. The daito

of the multilevel boost converter is extracting maxm power from PV array. A fixed firing angle dhé
commutated inverter is able to track the maximumvgrowith duty ratio which remains the same for all
irradiations. The advantage of the proposed sy#etm eliminate the use of a separate maximum pguoart
tracking controller. Here 70% of power may connédtethe grid with the help of line commutatederter and
remaining power may fed to stand alone mode fommtor.

Index Terms- Photovoltaic (PV), Multilevel Boost Converter, Lineommutated Inverter, Grid-Connected,
Sand-alone mode

1. INTRODUCTION feedback signals. Apart from the stand-alone system

Renewable energy systems, such as Photovoltaic (P#)jd-connected PV systems have gained more
is playing a more and more important role in energgnp_ortance because of the rising energy demand.
production [1]. The stand-alone systems, gridVarous qonflguratlons of grid-connected system are
connected PV systems have gained more importanE%oorted in recent paperslost of them use insulated

because of reduce the energy demand [3-4]. In tZ‘Ete bipolar transistor IGBT-based force commutated

aper, separate MPPT controller has been eliming verters with or without de-dc converter and
paper, sep nsformer[8].These systems, they need separate

for extracting the maximum power from the renewablg, oo nisation circuit for interfacing with theidyin
energy source. o _ addition to MPPT controllers. Very few have repdrte
The firing angle of LCl is adjusted continstuto  the silicon controlled rectifier SCR based line
obtain the maximum power. The PV system igommutated inverter LCI which reduces the
proposed to feed the power to both grid and standomplexity of the control circuits of IGBT invertdn
alone load continuously, eliminating the hardwareéhese papers, one or more number of transformers ar
equipment such as transformers, synchronisatiaiiso used apart from the power converters, and
circuits and sensors. This mode of operation iseparate MPPT controller has been employed for
achieved with the help of dc—dc Multilevel Boostextracting the maximum power from the renewable
Converter (MBC) and a LCI. energy source. More importantly, the firing angfe o
The advantages of MBC are: (i). High switchind-Cl is adjusted continuously to obtain the maximum
device and (ii). Continuous input current. An SCRpower.
bridge in LCI mode is used for connecting the PV
energy available at the output of MBC to the gAd.
one of the popular applications of stand-aloneesyst 2. DESCRIPTION OF THE PROPOSED
is water pumping, a dc motor has been used in the SYSTEM
present of salient feature of this _ The Block diagram of the proposed scheme is shown
configuration for any irradiation, thequired duty , Fig. 1. This scheme of renewable power generation
cycle of MBC is same for extracting the maximumeqnqists of a PV array, a multi output boost coterer

power from PV array, the firing angle of LCI being 5 |ine.commutated SCR inverter and controllers for
fixed. This feature of the proposed scheme elinsimat generating gate pulse to IGBT and firing pulses to

the need for separate MPPT controller which willscrs As the dc—dc multilevel converter is used as
require the voltage and current sensors for senb®g i output boost converter in the proposed
feedback or feed forward voltage and currentonfiguration[s]. To obtain a steady direct voltage
signals[2]. F_urther the flexibility to vary the power  ¢0mthe PV panels, the capacitanceb@tween the
fed to the grid as well as the dc power fed tosta®d  py/ array and MBC is used. The total output voltafe
alone load is an added advantag(_a. . the converter is divided into equal voltages acfoss
Renewable energy generation hasease the . nacitors. The output across & connected to a
energy utility, MPPT or constant output voltagegingie phase LCI through the dc link inductangge L

algorithms have also been employed which in turyhich smoothens the dc current from the MBC. The
requires sensors for providing the feed forward or 5 vimum power is extracted from PV array out of
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which 70% of power is fed LCI and remaining poweljunction. It produces neither a current nor a agét
is fed to DC motor. From the analysis of the pr&ubs Thus, the diode determines theV characteristics of
system presented in Section 3, the duty ratio isdo the cell.

to be constant for fixed firing angle of LCl fornaus A PV generator is a combination of solar cellstHa
irradiations. Thus, there is no need for a separat|ar cells consist of a p-n junction diodes ofrivas

closed loop MPPT controller. modelling of solar cells have been proposed. Tties,
DC LC simplest equivalent circuit of a solar cell is areat
JR BN Grid source in parallel with a diode.
Link [nverter

2.2. PV Generator Model

A faster Look-up—based model was developed to
simulate the PV generation as shown in Fig.3. Here,

PV Filter DC the measured |-V curves were scaled to 25c cell
o . . 4 MBC o _
Array Circuit Load temperature to utilizing the temperature coeffitsenf
the PV module and used to consume a Look-up table.

Fig.1 Block Diagram for proposed system.

Y

>
2.1. Solar cell | | y 5 v Lookl{p s
A solar panel is a set of solar photovoltaic moslul_eVPV " V-Corection | | Vpsee Table at 25°C [-Correction
electrically connected and mounted on a supportir Tl 1a(Tes) > HT25) — Ipy
structure. A photovoltaic module is a packaged, T, > { :
connected assembly of solar cells. The solar modu
can be used as a component of a larger photovolt:
system to generate and supply electricity it u, Viep
commercial and residential applications. A singikas MPP it
module can produce only a limited amount of powel W | Caleulator |l
most installations contain  multiple  modules. hae
A photovoltaic system typically includes a panetda ,
array of solar modules, an inverter, and sometime Vpreasc: equivalent array voltage at 25°C,
abattery and  solar tracker and interconnectio | [pzsc: equivalent array current at 25°C,
wiring[4]. @ open circuit voltage temperature coefficient (0.173 V/°C), and
Fig.2 The output curreritand the output voltage V of i short circuit current temperature coefficient (1./mA/C)
a solar cell are given by

Fig.3 Look-up table-based model for PV generator

Vi

I'=1lyy —lg;— (1)

V=Vi - RJI(2

Fch
The influence of cell temperature was accounted for
using the temperature coefficients of the arrayrtsho
circuit current and open circuit voltage. These aver

Wherje, _ also used to calculate the MPP voltage and current
ok is the photocurrent from look-up table  respectively, at 25c cell
Iasis the average current in diode temperature. The effect of temperature on the fil
I is the phase current factor of the PV array was neglected. This is a

AMAM reasonable assumption for the proposed system to be
T > * * better characteristics of the Hetero junction with
ph A L R A intrinsi
lio 1, 5 intrinsic.
2.3 DC link model
Rsh
Vio V

The line commutated inverter is a conventional phas
controlled converter operating with fixed maximum
possible firing angleSince the utility line voltage is

' g — . fixed, the voltage at the dc terminals of the phase
Fig.2 The electrical equivalent circuit of a satatl controlled bridge is also fixed[1]. The equation floe

The output of the current source is directly;yerage current in the dc link can be written as
proportional to the light falling on the cell

hotocurrent). During darkness, the solar celhas - 5
(photoc ). During - - Iy = (V5 | Veai/7: (3)
an active device; it works as a diode, i.e., a p-n

23



International Journal of Research in Advent Technology, Vol.3, No.2, February 2015

E-ISSN: 3220157
the utility line. In the present system, the LCI is
where operated with fixed maximum firing angla = 180" -
r, is the circuit resistance, y) as near to 180" as possible.

Vo and Vcd are the average voltages of rectified. Thus the line PF is near unity. However a margin
angle is to be provided for the safe operationhef t
The dc link current id is inverted by the lineinverter.
commutated inverter and forced to the utility line,
feeding the power generated by the HF rectified
sourcein to the utility line. For continuous current
operation,

v
E;,.=—2cos (7)

where
Vﬂ:(zﬁ V cos® /T (4) Vg is the peak value of the ac grid voltage
a is the firing angle
A solar panel is a set of solar photovoltaic mogule

electrically connected and mounted on a supporting
structure. 2.6.DC Load

In the proposed system, a separately excited DC

motor is used as stand-alone lo&ddc motor-pump
set can be connected directly to the PV generaor a
is the case with most commercial dc PV pumping
. . systems. In this case, the system operates at the
For three phase line commutated inverter intersection of the current-voltage curve of the PV
. . ) . generator and the load-line. This operating poiay m
The line commutated inverter, wheris the firing  pe far from the maximum power point (MPP) of the
angle of SCR’s anl is the line to line rms voltage.  py, generator wasting a significant part of the
. available solar power. To better match the PV
2.4. Multilevel Boost Converter generator to the motor-pump set, a pump contréler
required. For dc PV pumping systems, the pump

A four-level bOOSF converter with the inpulisce controller is basically a dc—dc converter whoseydut
voltage at the medium position as developed. Tr\%tio is controlled by a maximum power

detailed working of the converter is explained ifio.
avoid_ the high power dissipation _in lower devicarth '3 STEADY STATE ANALYSIS OF THE
the higher one, MBC topology with central source is PROPOSED SYSTEM

used [8].The converter consists of one IGBT switch,
seven diodes and seven capacitors. This conveater h
the advantage of extending the number of levels by For tracking the maximum power from solar
simply adding the capacitors and diodes. The veltagirray, the duty ratio of the dc—dc converter habeo

gain of the converter for a four-level output ivegi  adjusted. Conventionally, an analog or digital
by controller using any one of the MPPT algorithms can

be used. Assuming the converters to be ideal, titye d
ratio corresponding to maximum power point (MPP)

For single phase line commutated inverter

V.4=(3+/2V cos & )/m (3)

Vg 4 ©) can be estimated. From, it can be seen that
Vpn  1-8
Ve = Bge + lacR 8
Where,
where )

\by is the PV array voltage. Vg is the output voltage across the top one-
\{, represents the full string output voltage.  fourth of the string of MBC.

d is the duty ratio. E. is the dc-link voltage

L is the dc link current

2.5.Line commutated inverter

The IGBT converter operates as a rectifier and bothurther

Edc and Idc values are positive Line commutated be=lo-la (%)
inverter is the conventional 1 - 0 8 fully controlled

SCR bridge working in the inverting modéa > 90").

For firing angles>90°, the terminal voltagevcd is

negative and hence the rectified HF power is fotced WNere,

I, is the overall output current of MB
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I, is the motor armature curre
Therefore using (9) in (8), we obtain

Viae=E gt [*rv"‘ru)R (10)

Vim
Vi (1)
Where,
\f, is the PV voltage,
|, is the PV current
dm is the duty ratio at MPP, then
‘rmujl g
L= (12)

Where,
I.,..= pv voltage
5-m=duty ratio

However, from (2), it can be found thajcHs
function of grid

120p 140 160
Firing angle, « in degrees

Fig.4 Variation of duty ratio of firing angle

180

Voltage and firing angle of LCIl. Hencd,, is a

function of grid voltage, firing angle, motor cunte
and maximum PV array voltage and current. Usi
(8), we can estimate the duty ratio for which MP

operation takes place for the given irradiation ang

firing angle of LCI.

The average value of maximum duty ratio for fixeq|

firing angle for various irradiations is found ftine
proposed configuration with constant armatur
current, . The variation of averagg, with respect to
firing angle,a for all irradiations is shown in Fig.4

4. Relationship Between the Panel Power and Grid
power

The power input from the panel is constameanra
constant insolation and the power output to thd i
time varying at twice of the grid frequency.

IV ,-()=V, sinwt (13)
[,.(0)=1,sinwt (14)

P o 0=V e (D14.(1) (15)

Where,
V,.= Peak voltage
Im=Peakcurrent

@= angular frequency

The relationships between and . At the steadye,stat
the average value of is equal to . That is

1 2w Fin
Pin=p- Iy Pouw(dt=7" (16)

The capacitor acts as a buffer for absorbing the
difference between and the low-frequency profile of
the capacitor voltage varying between a dc value .

5. Simulation results

Using MATLAB/Simulink, the overall simulation
model of the system has been built by integratihney t
subsystems of PV array, MBC and LCI with a 110 V,
50 Hz single phase utility grid and 230 V DC motor.
In the proposed scheme the model of pv array is
obtained using pv cells.

Ay

(1] A ........... ,,,,,,,, .............

LB 100V /JCH2= 580nY/

Y Y BT T

Fig.5 Simulation waveform of pv voltage vs time

A independent current source, a controlled current
source, measurement blocks and arithmetic blobks, t
model of PV array has been implemented. The power
electronic components available in power system
block set (PSB), the MBC and single phase inverter
circuits have been modelled.

The DC machine available in PSB is modelled as
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separately excited DC motor. The pulse generaters aduty ratio from the analysis. In the proposed syste
used for providing the gate pulse to IGBT switch irthe dc-link voltage and the armature current ardena
MBC and firing pulses to LCI. The duty ratio of theto be constant by fixing the firing angle of LC$ a
MBC is adjusted to the output voltage which in tign well as the load torque of the motor such that 4%
fed to the inverter and motor. output power is fed to the grid and the remainifgo63
power is used for driving the act for and conngcte
_(1=a8] across the grid terminals to reduce the 3rd and 5th
R, _T(”) order current harmonics which are predominant id gr
current At nominal operating condition both simatat
where, and experimental voltage and current waveforms of
Rioad is the load impedance anReq is the PV array, dc link, armature of the motor are olsdin

equivalent impedance seen from theespective of
PV array and. For the proposed figaration, bothReq
andR\qaq vary with irradiation and the ratio &34 and

Req almostconstant for different irradiations at MPP,
thus providing a constant noted that the maximu
power occurs at same duty ratio, for the propos
corfiguration and it cannot be generalised that t
same will be true for any grid connected PV syste
employing LCI.

6. Experimental investigation and results

A prototype is built to experimentally testet
proposed configuration. The experimental set-up of
the proposed scheme consists of a PV array of 80 V,
9.4 A (two strings of series connected four paméls Fig.7 simulation waveform of voltage vs time for A@d
20 V, 4.7 A connected in parallel) and SCR bridge output
circuit with four thyristor, a separately excitedCD
motor rated for 230 V, 0.7 A, 1500 rpm and two PIC . At PV array supplied a maximum of 372 W out of
microcontrollers — one to generate the gate puse fwhich the system is capable of delivering an avgro
the IGBT in MBC and the other for generating firingof 245 W to the grid and a dc power of 93 W to the
pulses for the SCRs in LCI. The LCl is connected to DC motor simultaneously. The grid voltage and
110 V, 50 Hz single phase utility grid. This valugs current waveforms with and without filter. Also the
arrived at based on the critical value for contimio harmonic spectrum of the grid current with and
conduction as given in the following expression. without filter are obtained experimentally.  The
efficiency of the overall system is found to be 92%
and the effectiveness of proposed system suppbging
and dc power simultaneously is encouraging. The
comparison of the results reveals that the hardware
circuits built are working in tune with the thedcel
analysis and simulation of the system. The system a
has the flexibility to be operated in such a wast the
major portion of output power can be given to the D
motor and the remaining power can be fed to the gri
by adjusting the firing angle of LCI and load ofth
DC motor. In the proposed system is capable of
operating in combined grid-connected and standealon
modes.

7. Conclusion

In this new configuration of PV syt has
developed for Multilevel boost converter and Line
Fig.6 simulation waveform of voltage vs time foroisb commutated inverter so that power can be fed tb bo
output grid and stand-alone system. Here the single phase
grid and separately excited DC motor is used for
The maximum power is extracted from PV array bytand-alone load. For the analysis the extracting
generating the gate pulse to MBC with the estimatesiaximum power from PV array. Here duty ratio can
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be varied and extracting for all irradiation cdrat.
The system has high priority is needed for grid.

The directly connected PV pumping system
offers a low-cost implementation but has poor eperg
utilization depending on the distance between dlbe |
line and the MPP at different weather conditions: F
this system, experimental tests produced an erfergy
both slow and fast changing irradiance. The coraplet
system has been modelled using MATLAB and the
close agreement between analysis, simulation and
experimental results of the validity of the
experimental set-up.
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