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ABSTRACT: This paper presents the study of modeling of one stage multi string inverter with multi rated model of
photo voltaic modules. As the name implies, the Multi string topology can able to handle more number of PV strings
with different orientations and varied irradiation levels. This multi string inverter is capable to harvest the maximum
possible power from each without depending upon orientation, irradiation level, and at different operating
temperatures. In this paper a multi string inverter with two different PV modules using MATLAB/SIMULINK has
been implemented and complete analysis is carried out with and without filters. THD of output is also obtained.
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I. INTRODUCTION

Now a days we cannot imagine the world without electrical power it becomes part of our lives and
utilization of electric power increases rapidly for fulfilling the demand of electric power we are mostly depends
upon the non-renewable energy sources like thermal, nuclear etc these resources conventional and pollution agents
limitations of non-renewable energy resources leads to concentrate on renewable resources mainly on solar
energy. The solar energy may be one of the most alternative energy resources in future. Photovoltaic (PV) inverter
is the main device of the solar energy conversion systems since they collect the maximum possible power from PV
cells for delivery to a utility grid or stand-alone loads. Variant configurations of PV inverters have been proposed,
which are mainly categorized as centralized, string, multistring, and micro-inverter. In the centralized
configuration, a number of PV modules are connected in series (called a PV string), and multiple PV strings are
connected to a main inverter using diodes. Although the large, centralized inverter offers economies of scale, this
approach offers poor energy harvesting due to one centralized maximum power point (MPP) tracker for the whole
system; partial shading or any mismatch banen the PV modules causes a substantial drop in the generated power
output. The micro-inverter solution provides the opposite approach by using a small inverter for individual MPP
tracking of each PV module, maximizing possible energy harvesting. Therefore, decreasing or even losing the
output of a single module due to partial shading or an inverter failure has a minimal impact on the total system
performance. However, the main limitation of the micro-inverter concept is a higher initial equipment cost per peak
watt. This is costly due to the use of an inverter for each panel with much of the functionality of a centralized
inverter. In smaller PV systems, such as residential applications, the inverter price has less effect on the total cost,
and therefore, micro-inverters are the suitable solution. As the price of micro-inverters decreases, this technology will
be more attractive in other applications. String technology is another configuration for PV systems, where a string of
PV modules is connected to a single inverter integrated with an MPP tracker. Therefore, the string inverter can avoid
most of the weaknesses of the centralized configuration. Nonetheless, the string technology has a power limit due to
a limited number of series connections. The multistring solution is an enhanced version of the string topology and
ensures optimum energy harvesting and cost.
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Fig.1 conventional configuration

In its conventional configuration, several strings are interfaced with their own MPP-tracked dc—dc
converter to a common inverter as shown in Fig. 1. The multistring approach permits the combination of strings
with different features with respect to the manufacturing technology, geographic orientation, and number of
modules per string. It also provides the enhanced operation of the PV systems in partial shading conditions when
the PV strings are at different irradiance levels and operating temperatures. The conventional multistring PV
topology has the limitation of very low conversion efficiency due to two stages of power conversion and the use of
several bulky limited-lifetime electrolytic capacitors in the main dc-link.

A soft switched one-stage multistring PV inverter with multi rated photo voltaic modules has been
presented in this paper. Similar to the conventional multistring topology, the proposed inverter can handle an
arbitrary number of PV strings with different electrical parameters and working conditions while obtaining the
maximum possible power from each string independently. However, the proposed topology has a one stage of soft
switched power conversion without electrolytic capacitor in the link. Therefore, this converter is estimated to have
an improved efficiency, more power density, and enhanced reliability. The new inverter has an HFAC link, so a
small-sized high-frequency (HF) transformer has been used to achieve galvanic isolation.

Il. PV MODULE

Photovoltaic (PV) array which is integration of modules is considered as the basic power conversion unit of
a PV generator system. The PV array has nonlinear characteristics and it is little expensive and takes more time to
get the operating curves of PV array under varying operating conditions. In order to overcome these obstacles,
common and simple models of solar panel have been developed and combined to many engineering softwares
including Matlab/Simulink. However, these models are not adequate for application involving hybrid energy
system since they need a flexible tuning of some parameters in the system and not easily understandable for
readers to use by themselves. DS-100M solar panel is taken as reference model. The operation characteristics of PV
array are also studied at a wide range of operating conditions and physical parameters.

Mathematical modeling of PV module is being continuously updated to enable researchers to have a better
understanding of its working. The models differ depending on the types of software used such as C programming,
Excel, Matlab, Simulink or the toolboxes they developed. A function in Matlab environment has been developed to
calculate the electric current output from data of potential difference, solar irradiation and temperature in the study of
(Walker 2001) and (Gonzalez-Longatt 2005). Here, the effect of temperature, solar irradiation, and diode quality
factor and series resistance is evaluated. A difficulty of this method is to require readers programming skills so
it is difficult to follow. Another method which is the combination between Matlab m-file and C-language
programming is even more difficult to clarify (Gow and Manning 1999). Among other authors, a proposed model is
based on solar cell and array’s mathematical equations and built with common blocks in Simulink environment in
(Salmi et al.2012), (Panwar and Saini 2012), (Savita Nema and Agnihotri 2010), and (Sudeepika and Khan 2014).
In these studies, the effect of environmental conditions (solar isolation and temperature), and physical parameters
(diode’s quality factor, series resistance Rs, shunt resistance Rsh, and saturation current, etc.) is investigated. One
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disadvantage of these papers is lack of presenting simulation procedure so it causes difficulties for readers to follow
and simulate by themselves later. This disadvantage is filled in by (Jena et al. 2014), (Pandiarajan and Muthu 2011).
A step-by-step procedure for simulating PV module with subsystem blocks with user-friendly icons and dialog in
the same approach with Tarak Salmi and Savita Nema is developed by Jena, Pandiarajan and Muthu et al.
However, the biggest gap of the studies mentioned above is shortage of considering the effect of partially shading
condition on solar PV panel’s operation. In other researches, authors used empirical data and Lookup Table or Curve
Fitting Tool (CF tool) to build P-V and 1-V characteristics of solar module (Banu and Istrate 2012). The
disadvantage of this method is that it is quite challenging or even unable to collect sufficient data if no experimental
system be available so that modeling curves cannot be built and modeled. From the work of (Ibbini et al. 2014) and
(Venkateswarlu and Raju 2013), a solar cell block which has already been built in Simscape/Simulink environment
is employed. With this block, the input parameters such as short circuit current, open circuit voltage, etc. is
provided by manufacturers. The negative point of this approach is that some parameters including saturation
current, temperature, and so on cannot be evaluated. Solar model developed with Tag tools in Simulink environment
is recorded in the research of (Varshney and Tariq 2014), (Mohammed 2011), etc. In these papers, only two aspects
(solar irradiation and temperature) are investigated without providing step-by-step simulation procedure.

eeprevious models are insufficient to study all parameters which can significantly affect to 1-V and P-V
characteristics of solar PV array, including physical parameters such as saturation current, ideality factor, series and
shunt resistance, etc. and environmental working conditions (solar isolation, temperature and especially shading
effect).

«« The proposed model shows strength in studying all parameters’ influence on solar PV array’s operation. In
addition, a unique step by-step modeling procedure shown allows readers to follow and simulate by
themselves to do research. The equivalent circuit of a PV cell is shown in Fig. 1. The current source Iph
represents the cell photocurrent. Rsh and Rs are the intrinsic shunt and series resistances of the cell, respectively.
Usually the value of Rsh is very high and that of Rs is very small, hence they may be neglected to simplify the
analysis (Pandiarajan and Muthu 2011). Practically, PV cells are grouped in larger units called PV modules and
these modules are connected in series or parallel to create PV arrays which are used to generate

electricity in PV generation systems. The equivalent circuit for PV array is shown in Fig. 2.

The voltage—current characteristic equation of a solar cell is provided as (Tu and Su 2008; Salmi et al. 2012):
Pv  cell output
voltage is given by

AKT lontlo-lc
VC= Cln [phl_o]'Rslc
0

Module photo-current Iph:

Iph = [Isc + Ki(T — 298)] x Ir/1000

Here, Iph: photo-current (A); Isc: short circuit current (A) ; Ki: short-circuit current of cell at 25 °C and 1000 W/m2;
T: operating temperature (K); Ir: solar irradiation (W/m2). Module reverse saturation current Irs:

Irs = Isc/[exp(qVOC/NSknT) — 1]

Here, q: electron charge, = 1.6 x 10—19C; Voc: open circuit voltage (V);
Ns: number of cells connected in series;

n: the ideality factor of the diode;

k: Boltzmann’s constant = 1.3805 x 10—23 J/K.
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Fig. 2 PV cell equivalent circuit (Salmi et al. 2012)
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Fig. 3 Equivalent circuit of solar array (Tu and Su 2008)

T.-- reference cell operating temperature (20 °C)
V¢-- cell output voltage (V)

Equation of V¢ is validated for specific temperature and solar irradiation level. Said so, under a new cell temperature
and a new solar irradiation level, the output voltage and the cell photocurrent would become,

Ve new=CrvCsvVe
Iph_new:CTICSI I ph
Where, Cry, Csy, Cryand Cg, are correction coefficients whose values are dependent on
The cell temperature and the solar irradiation level
Reference model:
The 100 W solar power modules is taken as the reference
Module for simulation and the detailed parameters of module is given in Table below

Electrical characteristics data of DS-100 M PV Module:

The electrical specifications are under test conditions of irradiance of 1 kW/m? spectrum of 1.5 air masses and cell
temperature of 25 °C
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Rated power (Vmp)

Voltage at maximum power (Vmp)
Current at maximum power (Imp)
Open circuit voltage (VOC)

Short circuit current (ISC)

Total number of cells in series (NS)
Total number of cells in parallel (NP)

Maximum system voltage
Range of operation temperature
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DS-100M
100 W
18V
555 A
216V
6.11 A
36

[N

1000 V
—40 °C to 80 °C

A mathematical model of PV array including fundamental components of diode, current source, series resistor
and parallel resistor is modeled with Tags in Simulink Environment (http://mathwork.com). The simulation of solar
module is based on equations given in the section above.
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Fig.4 Solar subsystem Simulink design
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Fig. 5 Solar module Simulink design

I1l. SOFT SWITCHED MULTI STRING INVERTER

The soft-switched multistring PV inverter with multi-rated PV source is shown in Fig. 4. The number of
the input PV strings as well as their characteristics, operating voltages, and power levels is completely random. The
proposed inverter can individually collect the maximum possible power of each string regardless of its
location, orientation, irradiation level, or operating temperature. A capacitor is placed on primary side of the
transformer for soft switching and to behave as passive snubbers as well. In this way, they provide paths for the
leakage inductance currents of the transformer when the switches are turned OFF and avoid voltage spikes.
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Fig.6 proposed soft switched
multi string inverter

The converter needs to have two reverse-blocking switches for each PV string in addition to two more
reverse-blocking switches for the return leg. A reverse-blocking switch can be realized by a conventional IGBT or
MOSFET in series with a diode. The newly available individual reverse-blocking switches can also be employed with
the advantage of lower total on-state voltage.
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A. Control Strategy

The control strategy of the proposed multistring PV inverter is shown in Fig. 5. This scheme can be easily
extended to a higher number of PV strings. Here two ETT PV panels are connected to the single stage multistring
inverter. The driver circuit provides the gate signals to the switches in accordance with the control signals from the
control circuit and also it isolates the gate signals from power signals. The control circuit provides six digital output
control signals for six reverse blocking switches.

PV SINGLESTAGE 1PHASE SEdis
SOURCES MULTISTRING TRANSFORMER
INVERTER S 1

TNy

B

PRIVER CIRCUIT

Y
CONTROL CIR(UH'

Fig. 7 Block diagram

Control circuit generates control signals according to the required output. A single phase 50Hz 12V/230V
transformer is connected at the output of proposed multistring inverter to provide single phase 50Hz, 230V AC output.
The output of the inverter is captured to calculate the Total Harmonic Distortion (THD).

B. Switching Algorithm of the Proposed Converter

The operation of the proposed soft-switched multistring inverter consists of several modes in each cycle
depending on the number of PV panels connected. The switching flowchart of the converter is shown in Figure
6.Figures 7&8 shows the typical operating modes and link cycle of the proposed PV inverter in the two -string
case. The described switching algorithm can be extended to higher number of input solar PV panels.

The entire 50Hz operating cycle can be divided into six modes with time period of 0.0033 seconds each. Total time
period of cycle is 0.02 seconds.

A capacitor is connected across the output of the multistring inverter. Due to the existence of the capacitor, the

link voltage
'V¢' changes slowly while the switches are turned OFF at the end of each mode. Consequently, the switch voltages
change slowly at their turn-off. This provides a soft switching operation to the inverter reducing the switching
losses and also functions as a filter.

A single phase two winding transformer is connected to step up the output voltage of multistring inverter to get
the required level. The switching sequence of the reverse blocking switches is shown in the figure 6. The switch
S31 conducts for first half cycle for the flow of PV panel current in positive direction and switch S3 conducts for the
flow of PV panel current in negative direction. A 50Hz, 320V peak alternating voltage waveform is obtained at
the output. A filter circuit is provided in the main circuit shown below to get voltage output with low total
harmonic distortion (THD).With filter and without filter analysis has done.
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Fig 8.Control scheme of proposed multistring PV inverter
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Fig. 9. Control flow chart
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IV. SIMULATION RESULTS

The single stage multistring inverter was simulated using MATLAB/SIMULINK tool. The PV cell was
designed and simulated with the help of its equivalent circuit shown in figures 2 & 3. Temperature and irradiation
were considered as the changing parameters to change the output of the solar cell. Two PV cells of 12V and 24V
were taken as input for the multistri ng configuration as per Figure 4. The switching circuit consists of reverse
blocking switches using IGBTs and diodes which are taken from Simulink library. A two winding 12V/230V,
50Hz linear transformer is used to connect the inverter to the load side. Resistive load was considered for the
simulation and the switching sequence were provided according to the operation described above. A 50Hz, 20V
peak voltage waveform was obtained at inverter output. A 50Hz, 320V peak voltage waveform was obtained at
secondary of transformer. The simulation diagram of multistring inverter with and without filter is shown in figure
10 and the output waveforms are shown in figure 11.
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Fig. 10 Simulink design of proposed model

Copyright to JIRSET DOI:10.15680/1JIRSET.2017.0606206 11245


http://www.ijirset.com/

@ ISSN(Online): 2319-8753

. ISSN (Print): 2347-6710
IJIRSET

International Journal of Innovative Research in Science,
Engineering and Technology

(An ISO 3297: 2007 Certified Organization)

Website: www.ijirset.com
Vol. 6, Issue 6, June 2017

Lot oRaos wees ey wih ol et

Fig. 11 Output voltage waveforms of load and inverter with and without filter

V.CONCLUSION

A single stage soft-switched multistring inverter for PV systems was simulated using
MATLAB/SIMULINK tool. This multi-rated source inverter can have an arbitrary number of PV strings and is
capable to obtain the maximum possible power of each string independently. The PV strings can be of different
electrical parameters and working conditions. Simulated digital gate pulses are provided to the switches by control
circuit. A single phase 50Hz transformer is responsible for boosting the voltage to achieve required output level.
Small ac capacitors on primary side of the transformer realize soft-switching operation. They also behave as passive
snubbers to avoid voltage spikes. The control scheme and the switching algorithm of the proposed inverter
were described. The output of inverter is also read to measure the THD using Matlab FFT analysis. THD of the
output waveform was reduced to 12.83% using filter circuits.
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