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Abstract— This paper presents the design and system for

implementation of modified nine level inverter for improving
the power quality with less number of switches. We focus here
two methods, first is Cascaded H-Bridge multilevel inverter
topology and second is modified inverter topology. In both
methods pulse generator is used for generating suitable
switching pulses. The modified topology output quality is better
as compared to Cascaded H-Bridge multilevel inverter. In the
modified topology, when the levels are increased then less
number of switches are required compared to cascaded H-
bridge inverter. Hence it reduces initial cost and circuit’s
complexity, also applicable for industrial applications. Working
of the modified topology is explained and finally results are
analyzed by MATLAB/SIMULINK software.

Keywords— Multilevel Inverter, Total Harmonic Distortion
(THD), MATLAB, pulse generator, Insulated Gate Bipolar
Transister (IGBT).

1. INTRODUCTION

Inverter is a power electronic converter that converts dc
power into ac power at desired output voltage and frequency.
Block diagram of inverter is shown in fig.1. Single phase full-
bridge inverter that gives three level output voltage square
waveform. Overall performance of the inverter does not meet
the industrial requirements. Hence multilevel inverters are
emerged.

For obtaining nearest to sinusoidal waveform we focus
on multilevel inverter. The advantages of the multilevel
inverters are good power quality, low switching losses and
higher voltage capability.

Multilevel inverter not only achieves higher power
rating but also enables the use of renewable energy sources.
Renewable energy sources such as photovoltaic, wind and
fuel cell can be easily interfaced to a multilevel inverter
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a high power application. [1]
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Fig. 1. Basic diagram of inverter

Some domestic and industrial applications of multilevel
inverters are such as adjustable-speed ac drives, induction
heating, stand by air-craft power supplies, uninterrupted
power supplies (UPS) for computers etc.[3]-[4].

Two topologies are discussed here these are Cascaded H-
Bridge multilevel inverter topology and modified multilevel
topology.

In both topologies IGBT switches are used, these
switches have higher switching frequency and low
conduction losses.

In nine level Cascaded H-Bridge inverter topology,
four single phase full bridge inverters are connected in series.
That requires 16 IGBT switches and four separate dc voltage
sources. For increasing voltage level number of switches are
increased. Hence the voltage stresses and switching losses
will increase and circuit will become more complex [6] [7].
By using modified topology number of switches are reduced
hence power quality and efficiency will enhancement.

2. TRADITIONAL INVERTER

The power in the battery is in DC mode but AC motors
require AC power, therefore conversion from DC to AC by a
power converter is required. Hence inverter can do this
conversion.

A. Three level inverter
In single phase full-bridge inverter or three level

inverter have four switches and single DC voltage source is
required. This is explained with the help of fig. 2.
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From the figure 4 THD analysis of Traditional three level
inverter output voltage waveform is 26.20% .

Fig. 2. Three level inverter

3. CASCADED H-BRIDGE MULTILEVEL
In three level inverter zero level is added with two level INVERTER
inverter. The output voltage waveform is similar to the two ) o
level inverter [2]. The output voltage waveform is shown in When two or more single phase full bridge inverters are
fig. 3. connected in series, that is known as Cascaded H-Bridge

Multilevel inverter. Cascaded H-Bridge Multilevel inverter is
two types:- (a) Symmetrical and (b) Asymmetrical Cascaded
H-Bridge multilevel inverter.

Application of the Cascaded H-Bridge Multilevel
Inverter are static-var generation, photovoltaic and fuel cells
power conversion, uninterruptible power supplies, an
interface with renewable energy sources and battery-based
application [4] .

In this topology, each single phase full bridge inverter

k(o)

 — e " need separate dc voltage source (SDCS). Each H-Bridge
inverter can generate three different output voltage levels;
Fig. 3. Output voltage of three level inverter positive, negative or zero voltage level. The final AC output

] ] voltage is the sum of all H-bridge inverter voltage.
B. Gate Signal and Inverter Operation

The output voltage level; +Vg, zero and —Vy.

In +V, output voltage level, switch S1 and S2 are ON
and remaining switches are OFF.

In Zero output voltage level, either S1 and S2 switches
are ON or S3 and S4 switches are ON.

In -Vg output voltage level, switch S3 and S4 are ON
and remaining switches are OFF. The switching scheme for
three level inverter is shown in the tablel.

TABLE 1 The switching scheme for Three Level Inverter

Switching | S1 S2 S3 S4 Vout
state
1 On On Off Off +Vdc
0 Off On On Off Zero
-1 Off Off On On -Vdc
IJERTV3IS071374 www.ijert.org 1754
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Fig. 5. Cascaded H-Bridge 9-level Inverter
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The main advantage of cascaded H-Bridge multilevel
inverter to other topology {Neutral point clamped (NPC) or
Diode clamped, and Capacitor clamped or Flying capacitor
(FC)} are simple control system and module structure, so it
becomes first choice for higher voltage application.

For study and comparison of nine level inverter is
considered here; it requires 16 IGBT switches and 4 dc
voltage sources. The power circuit of cascaded H-Bridge 9-
level inverter is shown in figure 5.

The AC output voltage Vo = V1+V2+V3+V4, are obtained.
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Fig. 6. Cascaded H-Bridge 9-level Inverter switching pattern

The other advantage of Cascaded H-Bridge inverter, it needs
less number of components comparative to the Diode
clamped or Flying capacitor topology, so that the price and
weight of the inverter is less compare to these type inverter.
The switching pattern of the Cascaded H-Bridge inverter can
be explained with the help of fig. 6.
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Fig. 7. Output voltage, speed, torque and main winding current of Cascaded
H-Bridge with Induction motor load

In this topology, the number of output phase voltage
levels in a Cascaded H-Bridge inverter is:- 2P+1, where P is
the number of separate dc voltage source. The Cascaded H-
Bridge inverter Output voltage and single phase induction
motor speed, torque, and main winding current is explained
in fig. 7.

The number of switches is reduced by using modified
topology.
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4. MODIFIED NINE LEVEL INVETER TOPOLOGY

The main objective of this topology is to generate
nearly sinusoidal output ac voltage waveform with improved
power quality of multilevel inverter and reduced number of
switches.
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Fig. 8. Modified 9-level Inverter

In modified 9 level inverter is considered; it requires 8
IGBT switches and 4 dc voltage source. The power circuit of
modified inverter is shown in fig. 8. Inverter performance is
obscured by connecting single phase Induction motor load in
fig 10.
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A. Gate Signal and Inverter Operation TABLE 2. INDUCTION MOTOR PARAMETERS

The operation of modified 9-level inverter:- Parameter Value

For positive half cycle Voltage 220 Volt

»  For Vg output voltage level circuit allow is;
first V1 dc voltage source, switches S1, load, Frequency 50 Hz
S4 & S5 and back to the V1 dc source.

»  For 2V output voltage level circuit allow is;
V1 & V2 dc voltage sources, switches S1, load, Speed 155 rad/sec or 1480 rom
S4 & S6 and back to the V2 dc voltage source.

»  For 3V output voltage level circuit allow is;
V1, V2 & V3 dc voltage sources, switches S1,
load, S4 & S7 and back to the V3 dc source.

» In 4Vg4 output voltage level circuit allow is;
V1, V2, V3 & V4 dc voltage sources, switches

No. of pole pairs 2

ulpit volage vl

voltage (volt)
T

=

050t 0 02 05 0 0 M s S

S1, load, S4 & S8 and back to the V4 or lower Tie
dc source. roterspeed (rads o pu)
But in the negative half cycle, switches S1 and S4 are 'E:‘E'g — ;
replaced by S2 and S3 respectively. The switching %‘gﬂ:.
pattern can be explained in figure 9. Ly - L 1 ]
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; i Fig. 10. Output voltage, speed, torque and main winding

current characteristics of modified topology with single phase

J |_| |_| |_| |_ induction motor load

5 COMPARISION STUDY

The modified inverter topology not only decreases the
] - number of switches and also it has required lower ON - state
DJ | | I | I | |_ switches in each level. We know that ON - state switches are
representative of voltage drops. Therefore the voltage drop in
the output waveform will be less.

AT

Fig. 9. Proposed 9-level Inverter switching pattern
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TABLE 3. Comparison between Conventional and proposed
MLI
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Fig. 11. Harmonic spectrum of output voltage of nine level H-Bridge inverter
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Fig. 12. Harmonic spectrum of output voltage of nine level modified inverter
6 CONCLUSSION
The simulation of the Nine level multilevel inverter is
successfully done using pulse generator technique for the
modified inverter topology and Cascaded H-Bridge inverter.
Simulation result have shown modified inverter topology,
generates nearly sinusoidal output voltage and current, lower
switching losses, high performance torque regulation and
significant reduction in torque ripple.
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