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Abstract: Now a days the renewable energy such as wind, solar, ocean, Biomass and geothermal powers are
getting more attention with the increasing demand on energy, high oil prices and concern of environmental
impacts increased. Among them Photovoltaic(PV) generation getting more importance due to absence of fuel
cost, low maintenance, ho noise, no moving parts and long life time. Multilevel inverters became more popul ar
in the power conversion systems for high power and power quality demanding applications. Among different
topologies of MLIs, Cascaded H-Bridge MLIs are more suitable converters for PV applications since each PV
panel can act as a separate DC source for each CHB module. This paper presents a simulation analysis 5-level to
13-level CHBMLI for PV applications with the SPWM control technique using MATLAB/SIMULINK.
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| Introduction:

In recent years, there has been an increasing interest in electrical power generation from renewable-energy
sources, such as photovoltaic (PV) or wind-power systems™°. Among the different renewable-energy sources,
solar energy has been one of the most active research areas in the past decades, both for grid-connected and
Stand-alone applications. The basic concept of PV cell is to collect solar energy from sun and transfer it for
distribution as electrical power®. However this collected solar energy requires conversion techniques to make
them usable to the end users. Basically the output of the PV cell is DC form. For commercia purpose it needs to
convert to AC form because most of the loads are AC loads.

Different topologies MLIs for the conversion from DC to AC are available such as Neutral point
clamped MLI (NPC-MLI), Flying capacitor MLI (FC-MLI), Cascade H-Bridge MLI (CHB-MLI) and
Asymmetrical Cascade H-Bridge Multilevel inverters. Among them CHB-MLIs are mostly used for PV
applications because each cell of CHB-MLI requires separate DC sources which can be easily supplied by
individual PV arrays and each H-Bridge cell will be available in a single module®. The number of levels of the
output wave form increased by cascading the no. of H-Bridge cells.

There is a large no. of control techniques developed so far to control the operation of multilevel
inverters such as SVPWM, SPWM, OHPWM, SHE-PWM, Hybrid modulation. In these techniques SPWM is
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the easy to increase the no. of levels in the output waveform with lower harmonic content®. In SPWM control
technique the gate pulses generated by comparing the sinusoidal reference waveform with the Triangular carrier
waveforms. This paper presents the s mulation results of a 7-level CHB-MLI with SPWM control techniques for
PV applications.

[1. Photovoltaic system

A Photovoltaic (PV) system directly converts solar energy into electrical energy. The basic device of a
PV system is the PV cell. Cells may be grouped to form arrays"*°. The voltage and current available at the
terminals of a PV device may directly feed small loads such as lighting systems and DC motors or connect to a
grid by using proper energy conversion devices.

PV DC/AC
converter
Array

Figure 1: Block diagram representation of Photovoltaic system

This photovoltaic system consists of three main parts which are PV module, balance of system and load.
The major balance of system components in this systems are charger, battery and inverter. The Block diagram
of the PV systemisshowninFig. 1.

A. Photovoltaic cdll

A photovoltaic cell is basically a semiconductor diode whose p-n junction is exposed to light.
Photovoltaic cells are made of severd types of semiconductors using different manufacturing processes. The
incidence of light on the cell generates charge carriers that originate an electric current if the cell is short
circuited".

Practical PV device

Figure 2: Practical PV device

The equivalent circuit of PV cell is shown in the fig. 2. In the above figure the PV cell is represented by
acurrent source in parallel with diode. Rs and R, represent series and parallel resistance respectively. The output
current and voltage form PV cdll are represented by | and V.

The I-V characteristics of PV cell are shown in fig.3. The net cell current | is composed of the light
generated current I, and the diode current Ip.
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Figure 3: Characteridtics |-V curve of the PV cell
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|p\/ - ID = (1)
Where,

Ip=loexp (QV/akT)

lo= Leakage current of the diode

g= Electron charge

k= Boltzmann constant

T= Temperature of P-N junction

a= diode ideality constant

The basic egquation of the PV cell does not represent the |-V characterigtics of the PV cell. Practicaly PV
arrays are composed of severa connected PV cells and the observation of the characteristics at the terminals of
PV array requiresthe inclusion of additional parameters to the basic equation.

Where V= NskT/q is the thermal voltage of array with Ns cells connected in series. Cells connected in
parallel increase the current and cells connected in series provide greater output voltages™. The -V
characteristics of a practical PV cell with maximum power point (MPP), short circuit current (Isc) and open
circuit voltage is shown in fig. 3. The MPP represent the point at which maximum power is obtai ned.

Vwpe and Iyp are voltage and current at MPP respectively. The output from PV cell is not the same
throughout the day. It varies with varying temperature and amount of radiation. Hence with varying temperature
and insolation maximum power should be tracked so as to achieve the efficient operation of PV system.

B. Cascaded H-Bridge Inverter

Cascaded H-Bridge multilevel converters formed by the series connection of two or more single phase
H-Bridge inverters. Each H-Bridge corresponds to two voltage source phase legs, where the L-L voltage is the
converter output. Therefore, asingle H-bridge converter is able to generate three different voltage levels*®. Each
leg has only two possible switching states, to avoid dc-link capacitor short-circuit. Since there are two legs, four
different switching states are possible, although two of them have redundant output voltage.

N

Figure 4: CHB Five level inverter with PV cell

When two or more H-Brides are connected in series, their output voltages can be combined to form
different output levels, increasing the total inverter output voltage and also its rated power. The two H-Bridges
connected in seriesis shown in fig. 4. The total converter output voltage is also illustrated presenting 5 different
voltage levelsis shown in fig. 7. In general terms when connecting n H-Bridges in series 2n+1 different voltage
levels are obtained.

[11. Simuation Study:
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Five-level to thirteen-level CHBMLIs are smulated in MATLAB/SIMULINK and the THD of the line
voltage and line current are analyzed by taking a simple R-L load. The control techniques adopted to control the
IGBT switches of the CHBMLIs are a SPWM with PD, POD and APOD techniques.

The modeling of PV cell is done based on related electrical parameters and ssimulink model of PV is
developed with irradiation and temperature as two input parameters. The photo voltaic current I, and diode
current |4 are modeled using equation (1) and (2). Series resistance Rs and pardlel resistance Ry calculated by
considering MPP as operating point. The I-V characteristics and P-V characteristics of a PV array is shown in
fig. 5 and fig. 6 respectively. The influence of the solar irradiation on the solar cell voltage, current and
maximum power point is shown. It can be observed from the figures that as the irradiation increases the
maximum power level aso increases. Similarly the curves will effect to the changes in temperature, series
resistance and diode reverse saturation current.

| A caslesics
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Figure 6: P-V characteristics of PV array

In this paper, we are using PD control technique for giving the pulses to the respective switches. Here 4
carrier signals are compared with reference sine wave to generate a5 level o/p voltage. In thisal the carriers are
in same phase, hence it is said to be dl the carriers are in phase disposition. The PD control technique of a 5
level cascade H-bridge multilevel inverter is shown infig. 7. A smple R-L load is connected to the inverter and
the corresponding line voltage and line currents are shown in fig. 8.
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Figure 7: PD control technique for 5-level CHB-MLI

5-level to 13-level CHB-MLIsare simulated in MATLAB/Simulink and a detailed performance analysis
isdonein terms of harmonic content.

Figure 8: Voltage and Line current for 5 level CHB-MLI

The harmonics present in the output voltage and currents are analyzed upto 23" harmonic content for
various levels are shown in Table 1 and Table 2 respectively.

Table 1. Harmoncsin output voltage for variouslevelsof CHB-MLI.

Number of THD Individual Harmonic Content(%)
levels (%) 3d 5h 70 gh 11" 13" 150 170 19" 213 23
5 2670 068 084 043 005 034 164 331 326 025 341 383
7 2333 102 231 364 078 201 102 257 159 130 1719 222
9 16.31 248 054 129 060 036 094 110 005 174 1166 271
11 1249 203 237 072 113 119 106 130 176 141 873 125
13 1069 043 081 100 134 020 047 014 08 020 05 084

Table 2: Harmoncsin output current for variouslevelsof CHB-MLI.

Number of THD Individual Harmonic Content(%b)
levels (%) 3 50 70 gh 11" 13" 157 170 197 219 237
5 163 068 030 011 001 006 024 041 036 002 030 031
7 156 022 042 018 027 027 042 017 024 006 015 0.14
9 128 050 052 037 030 003 019 009 009 010 013 0.06
11 122 091 018 030 007 019 006 006 007 008 006 0.03

13 068 024 029 026 028 003 007 002 010 002 005 0.07
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The THD of voltage and current of a 13-level CHB-MLI are shown in fig.9 and fig10 respectively.
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Figure 9: THD for voltage of a 13-level CHB-MLI.
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Figure 10: THD for current of a 13-level CHB-MLI

Fromthefig. 9, fig. 10, table 1 and table 2 we can observe that in 13 levels CHB-MLI the lower order
harmonics are completely eliminated. Hence one can find that the output voltage obtained from 13-level will
have best quality than other levels mentioned in the tables.

V. Conclusion:

The photovoltaic (PV) module is an electrical device that converts sunlight into electrical DC power.
Solid-state power electronic inverters have been used to connect PV modules to the AC utility grid since the
early seventies. The inverter has two major tasks: to inject a sinusoidal current into the grid, and to optimize the
operating point of the PV modules, to capture the maximum amount of energy. Large, megawatt, PV systems
were connected to the grid in the eighties, but the trend is now to connect smaller systemsto the grid, in order to
overcome certain problems.

Multi level cascaded H bridge inverters from 5- levels to 13- levels have been simulated using
Matlab/Simulink. The following conclusions can be made from the analysis

As number of level increases, the THD content approaches to small value as expected. Thus it
eliminates the need for filter.

Though, THD decreases with increase in number of levels, some lower or higher harmonic contents
remain dominant in each level. These will be more dangerous in induction drives. Hence the future
work may be focused on implementing closed loop control with suitable harmonic eimination
technique to achieve better performance of the converter.
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