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Abstract- This paper presents a multilevel inverter that has been
conceptualized to reduce component count, particularly for a
large number of output levels. It comprises floating input dc
sources alternately connected in opposite polarities with one
another through power switches. Each input dc level appears in
the stepped load voltage either individually or in additive
combinations with other input levels. This approach results in
reduced number of power switches as compared to classical
topologies. Renewable energy sources plays a key role in recent
times as they are free from pollution, unlimited and reduces the
cost related with its control. Among them Solar energy is more
beneficial as the impact of solar systems on environment are
significantly lower than non-solar system. Generally, solar cell
is the device which converts solar energy into DC electricity.
Usually we need a suitable converter for the purpose of
conversion from DC to AC and then it is injected to power Grid.
In this paper, the inverter action is carried out by using
cascaded H-Bridge inverter with reduced number of switches.
The proposed inverter is been used to integrate the solar system
to Grid, taking into consideration of Grid requirements. In the
absence of solar supply, we use Grid to feed the load. In the
present work, a multilevel line commutated inverter topology
has been proposed and analyzed which improves t he wave
shape and hence reduces the total harmonic distortion
(THD) of the line current in a grid tie line commutated inverter.
The proposed Cascaded H-Bridge Inverter will be simulated
using MATLAB/SIMULINK.

1. INTRODUCTION

Over the past few years, technological advances
in power electronics and increasing demand for energy
have contributed to rapid development of power
generation based on renewable energy sources as like the
Photovoltaic (PV), Wind and Fuel cell (FC) based
renewable energy technologies [1-3]. One of the problems
focused in the research is the constraint of power
electronic switches. If the power electronic devices which
can prolong high voltage are used in the inverter, their
switching frequency is restricted. Hence, the device
voltage must be reduced to use high-speed switching
devices. A multilevel inverter can reduce the device
voltage and the output harmonics by increasing the

number of output voltage levels. Further, increase in
number of isolated DC sources in order to increase the
number of output voltage levels leads to additional system
complexity especially in PV and FC fed inverter
topologies. In single-phase multi-level inverters, the most
widely used techniques are cascaded H-bridge (CHB),
diode-clamped and capacitor-clamped types [7-9]. This
paper proposes a latest MLI which is used to convert DC
to AC using reduced number of switches, when compared
to conventional MLI. By this less number of switches,
switching losses can be avoided [4-5].

Basically Inverter is a device that converts DC
power to AC power at desired output voltage and
frequency. Demerits of inverter are less efficiency, high
cost, and high switching losses. To overcome these
demerits, we are going to multilevel inverter. The term
Multilevel began with the three-level converter. The
concept of multilevel converters has been introduced
since 1975 [6]. The cascade multilevel inverter was first
proposed in 1975. In recent years multi level inverters are
used high power and high voltage applications. Multilevel
inverter output voltage produce a staircase output
waveform, this waveform look like a sinusoidal
waveform. The multilevel inverter output voltage having
less number of harmonics compare to the conventional
bipolar inverter output voltage. If the multilevel inverter
output increase to N level, the harmonics reduced to the
output voltage value to zero. The multi level inverters are
mainly classified as Diode clamped, Flying capacitor
inverter and cascaded multi level inverter. The cascaded
multilevel control method is very easy when compare to
other multilevel inverter because it doesn’t require any
clamping diode and flying capacitor [7-9].There are two
PWM methods mainly used in multilevel inverter control
strategy.

In addition, many other techniques also exist. In
particular, among these techniques, CHB single phase
inverters have drawn attention because of their
modularized circuit layout and simplicity. A variety of
modulation techniques can be applied to CHB inverters.
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By increasing the number of cascaded H-bridges [10-11],
the number of levels in CHB inverters increases.
Generally if the number of output voltage levels is
increased, then the number of power electronic devices
and the number of isolated DC sources is also increased.
This makes a CHB inverter further complex. In this paper,
a novel multilevel inverter with minimum number of
power electronic switching devices is proposed which is a
modified version of the multilevel inverter using
series/parallel conversion of DC sources. In the proposed
Multilevel Inverter three similar Cascaded H-Bridges are
used, each Bridge carries an auxiliary switch which will
be Bidirectional in nature. The proposed multilevel
inverter topology can be extended for the application of
grid connected photo voltaic systems, hybrid electric
vehicles, etc. Furthermore, theoretical analysis, numerical
simulations and experimental results are also presented to
demonstrate the validity of the proposed single phase
cascaded multilevel inverter.

I1. MULTILEVEL INVERTER

The general structure of proposed new
multilevel inverter is shown in the fig.1. It consists of a
one H-bridge inverter and 'N' number of cascaded cells,
which are having a dc rating of V dc. The number of
levels can be given by the formula:

Number of Levels = [n (n+1) +1] Q)

Where n= Number of cells excluding the H-bridge. For
generating + V dc we need turned on switches S | and S2,
for -V dc, switches S3 and S4 has to be turned on, and
for zero voltage either switches Sland S3 or
switches S2 and S4 has to be turned on.

maa
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Fig.1 General Structure of proposed new multilevel inverter

A. Seven Level Proposed Multilevel Inverter

The seven levels proposed inverter  uses
only six switches compared to cascaded H-bridge
inverter which uses ten switches and three separate dc
sources. But in proposed inverter, the requirement of
separate dc sources is only two and the switching losses
are also low. Using proper switching sequence proposed
circuit generates seven levels in output voltage [7]. Table
I shows the switching sequence used for creating seven
levels for the output voltage. The output waveform
has 7 levels: £ 3Vdc, £ 2Vdc, + Vdc and 0. Circuit
diagram of proposed seven level multilevel inverter is
shown in fig.2.
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Fig.2. Circuit diagram of seven level proposed inverter

For generating seven levels, the proposed
inverter uses two cells that mean it contains two switches
and two diodes in addition with the one H-bridge.
The output voltage waveform of the ideal seven level
inverter is shown in fig .3.
Table 1: Switching Sequence for Proposed Seven Levels

Inverter

£
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B. Thirteen Level Proposed Multi level inverter

The thirteen level proposed inverter uses only
seven switches compared to cascaded H-bridge inverter
which uses twenty four switches and six separate dc
sources. But in proposed inverter, the requirement of
separate dc sources is only three and the switching
losses are also low. Using proper switching sequence
proposed circuit generates seven levels in output voltage.
Table 2 shows the switching sequence used for
creating thirteen levels for the output voltage.

Table 2: Switching Sequence for Proposed Thirteen
Level Inverter

Swil | Sw2 | Sw3 | Swd | SwS | Swé | SwT | Vi
Om On off off Om On On 11
On On oft oft off On On 5V,
On On off on On ol On 4V .

On On off oft off off | On Ve

On On off’ of off On off 2V,
On On off off On off off Vn’.r.'

oft On off On off off oft 0
off off On Om On off off Ve

olT oIt On On ol On oll’ 2V,

olT olT On Omn olT olT On =3V,

off off On On On off On BE |

off off On On off On On e

off oft On Om On On On -6V,

Circuit diagram of proposed thirteen level multilevel
inverter is shown in fig.4

August 2017
Load
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Fig.3. Circuit diagram of thirteen level proposed inverter
The output waveform has 13 levels: +
6Vdc, £ 5Vdc, +4Vdct 3Vdc, £+ 2Vde, + Vdc and
0.
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Fig.4.Circuit diagram of 21 levels proposed inverter
Table 3: Switching Sequence for Twenty One Level

Inverter
Swl Sw2 Sw3 Swd Sws Swo SwT Swg Viosd
Om Om On O Om O Off O FF 10Vdc
OffF Omn On O Om Om Off Off 9Vdc
Om OfF Om O Om O Off [a753 SVvdc
OFfF OfF Om Om Om Om Off [a753 TVvdc
Off Om Off Om Om Om Off Off &Vdc
Om OffF Off O Om Om Off OFff SVde
Off Off Off Omn Omn Omn Off Off 4Vde
Off Off On Off Om O Off Off 3AVvdc
Off On Off Off On On Off Off 2Vdc
Omn Off Off Off O Om Off Off Vde
OffF Off Off Off Om Om Off Off 0
Omn OfF Off Off Off OffF Omn Om Vdec
Off Om Off Off Off Off Om Om -2Vde
Off Off On Off Off Off On Om -3Vde
Off Off Off ‘Omn Off Off On Omn -4Vde
Om Off Off ‘Om Off Off On Om -SVde
OffF On Off ‘On Off OffF On Om -6Vde
OFfF OfF On Omn OfF OFfF On Om -TVdc
Om Omn Off O Off Off Om Om -8Vdc
OfF Om On Omn Off OfF Om Om -9Vde
Omn Om O O Off OFfF Om Om -10Vde
Table 4: Comparisons between Different Topologies
NUMBER OF NUMBER OF NUMBER OF
TOPOLOGY SWITCHES for SWITCHES for SWITCHES for
Tlevel 13Jevel 21-level
Diode Clamped i % 40
MLI
Flying capacitor 0 2" {0
MLI
Cascaded IT-bridge n " 40
-
MLI
Proposed MLI 06 07 0
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I1l. GRID TIED PV SYSTEM

The block diagram of the proposed grid
connected PV system is shown in the figure. It
consists of a PV system, proposed multi level inverter to
interface with the grid.

oooo Proposed MLI — >

PV system

Fig.5.Grid tied photovoltaic system (PV)

From fig.5 the PV cell directly converters the
solar energy into electricity in the form of dc [8]. The
voltage obtained from the PV is converted into ac using
the proposed inverter. Finally the proposed inverter is
connected to the power grid with satisfying the grid
requirements such as phase angle, frequency and
amplitude of the grid voltage.

IV. MATLAB/SIMULINK RESULTS

Fig.6. Matlab/Simulink diagram of proposed seven level MLI
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Fig.10. Proposed seven level inverter output voltage
Selected signal- 50 cycles. FFT window (in red)- 1 cycles

200
Fig.7. Proposed seven level inverter output voltage
Selected signal- 50 cycles FFT window (in red). 1 cycles
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Fig.11 THD plot of 7-level inverter with 6 switches
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Fig.9.Matlab/Simulink diagram of proposed seven level MLI with 6

switches 4.L =

Fig.12. Matlab/Simulink diagram of proposed Eleven level MLI
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Fig.13. Proposed eleven level inverter output voltage
Selected signal: 50 cycles. FFT window (in red): 1 cycles
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Fig.14 THD plot of 11-level inverter
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Fig.15 Matlab/Simulink diagram of proposed
13 level inverter

Fig.16 13-level inverter output voltage
Selected signal: 50 cycles. FFT window (in red): 1 cycles
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Fig.17 THD plot of 13 level inverter

Fig.20 Power factor angle between voltage and current

Fig.18 MATLAB/SIMULINK diagram of twenty one level without grid
connected MLI.

Fig.21 Grid Connected PV system based on Multilevel Inverter with
twenty one level with grid connected.

Fig.19 Grid current and voltage

Fig.22 Twenty one level inverter output voltages of
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without grid connected.

Selected signal: 50 cycles. FFT window (in red): 1 cycles
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Fig.23 THD of the 21-level.

V. CONCLUSION

This paper has presents a novel single phase
cascaded H-bridge Inverter with reduced number of
power electronics devices and isolated DC sources.
Simulations are carried out in MATLAB/Simulink. The
performance of the suggested novel cascaded H-Bridge
multilevel inverter is investigated in detail. The
modulation waveform and the harmonic analysis are also
presented for various values of modulation strategies. By
properly adjusting the modulation index, the required
number of levels of the inverter output voltage can be
achieved. This proposed inverter system offers the
advantage of reduced switching devices and isolated DC
sources. A PV based modified MLI with reduced
switches, integrated scheme for power grid is proposed in
this paper. This topology eliminates the harmonics at the
solar system by expanding and increasing the number of
output levels with less number of switches, the initial cost
is also reduced. Increasing the number of output voltage
levels reduces the lower order harmonics and the THD.
It's preferred that the output voltage has no lower order
harmonics because their filtering is so hard. From the
results grid voltage and grid connected current are in
phase with each other.
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