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Abstract —This work proposes a new five-level inverter topology and modulation techniques are
proposed. In this proposed work compared to 5-level ANPC because the most similar topology,
this new topology needs 2 less switches at the price of a further capacitor and 6 diodes. However,
since the capacitors still see the switching frequency and their size remain a similar, it's expected
to reduce the inverter’s total value. Sensible loss distribution among switches will increase the
inverters rated power or offer higher switching frequency and smaller capacitor size. In this
proposed modulation technique to realize a good loss distribution, avoid direct series connection
of semiconductor devices, and keep the balanced operation of dc-link capacitors whereas keeping
the amount of costly parts like capacitors and switches low. The desired modulation strategy is
developed and also the operation of the projected topology is studied. Simulation results are
provided to verify the performance of the converter for medium voltage applications. . To
overcome the problem for the selective harmonic elimination methodology, the resultant
methodology is used to find all the solutions to the harmonic equations and also the active
harmonic elimination methodology is projected to eliminate any range of harmonics and may be
applied to the total modulation index vary for multilevel converters to satisfy the application
requirements.
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l. Introduction

One application for multilevel converters is distributed
power systems. Multilevel converters are often
implemented using distributed energy resources like
photovoltaic and fuel cells, and then be connected to an
AC power grid. If a multilevel device is formed to either
draw or provide purely reactive power, after that the
multilevel converter is utilizing just like a reactive power
compensator. As an example, a multilevel converter
being use sort of a reactive power compensator might be
placed in parallel with a load connected to an AC system.
This can be because a reactive power compensator can
help to enhance the power issue of a load [14].

Another application for multilevel converters is to
interrelate various power grids. For instance, 2 diode-
clamped multilevel converters are often utilizing to
supply such a system. One multilevel converter acts as a
rectifier for the utility interface. Different multilevel
converter performs as a device to supply the specified
AC load. Such a system may be used to connect 2
asynchronous systems and acts as a frequency changer, a
part shifter, or a power flow controller.

In recent years many efforts are created to analysis
and use new energy sources because the potential for an
energy crisis is increasing. Multilevel converters have
gained a lot of attention among the area of energy
distribution and control due to their advantages in high
power applications with low harmonics. They not only
achieve high power ratings, but in addition modification
the use of renewable energy sources. The general
perform of the multilevel converter is to synthesize a
desired high voltage from several levels of dc voltages
which can be batteries, fuel cells, etc. [1, 2].

In 1975, the conception of multilevel converters was
initial introduced [3]. Multilevel implies that the inverter
can generate a lot of output voltage levels than those of
the common three- level converter. Subsequently, several
multilevel converter topologies are developed [2, 4]. the
basic principle of a multilevel convertor to achieve
higher power is to use a series of power semiconductor
switches with several lower voltage dc sources to
perform the power conversion by synthesizing the way
voltage wave kind. Capacitors, batteries, and renewable
energy voltage sources are usually used because the
multiple dc voltage sources. The commutation of the
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power switches aggregate these multiple dc thusurces so
on achieve high voltage at the output; however, the rated
voltage of the power semiconductor switches depends
only upon the rating of the dc voltage sources to that they
are connected.

I1. Multilevel Inverter

The A convertor is a device that converts direct
current (DC) to alternating current (AC); the regenerate
AC is at any required voltage and frequency with the use
of applicable transformers, switching, and control
circuits. Static inverters do not have any moving parts
and are used during a giant vary of applications, from
very little switch power provides in computers, to large
electrical utility high-voltage direct current applications
that transport bulk power. Inverters are sometimes used
to provide AC power from DC sources like star panels or
batteries. The electrical inverter could also be a high
power electronic generator. It’s so named as a result of
early mechanical AC to DC converters was made to work
in reverse, and so was "inverted", to convert DC to AC.
The inverter performs the other operate of a rectifier.

Multilevel inverters have gained interest throughout
the last three decades due to the increasing demand for
medium to high voltage converters for a range of high
power applications. Totally different topologies are
planned to fit the requirements of varied applications. For
medium voltage inverters, cascaded H-bridge (CHB),
neutral purpose clamped (NPC), and flying capacitor
(FC) are the primary topologies. Among them, NPC and
FC provides a normal dc-link that might be a strict
demand for many applications FC inverter uses
capacitors to induce output voltage levels. The supply of
intra-phase redundant states throughout this topology can
provide every capacitor voltage balancing and power loss
distribution among switches. However, increased
numbers of flying capacitors at higher levels which will
increase the initial value and maintenance surcharges and
reduces the reliability of the inverter at the facet of the
capacitor recharge in some applications are the most
drawbacks of this topology.

Hybrid topologies are viable solutions wherever
higher range of levels is needed. Combining the benefits
of CHB, FC, and NPC, hybrid inverters will offer loss
and voltage balancing whereas keeping the quantity of
elements low. Samples of hybrid topologies combining
FC and NPC will be found in [10]-[12], a number of that
has already found industrial applications. The 5-level FC-
ANPC is an example of hybrid topologies that made its
way to the business. The ACS2000 family of medium
voltage drives, commercialized by ABB, uses this
topology with each active and passive front
configuration. The most advantage of this topology is
that the use of one flying capacitance to generate the
output 5 levels.

I1.1.  Types of Inverters
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There are different types of high level inverters such as
e PWM current source inverter
o Load commutated inverter
o Multilevel inverter
o High power voltage source inverter
Inverters can be broadly classified into two types
based on their operation:
o \oltage Source Inverters (VSI)
o Current Source Inverters (CSI)

1. Proposed Method

A multilevel inverter not only achieves high power
ratings, but additionally permits the use of renewable
energy sources. Renewable energy sources like
photovoltaic, wind and fuel cells are usually simply
interfaced to a multilevel converter system for high
power applications.

Classical multilevel inverter is often classified into 3
types:

1) Diode clamped inverter.

2) Flying capacitance inverter

3) Cascaded H-bridge inverter

I11.1. Diode Clamped Multilevel Converter

The first invention in multilevel converters was the
supposed neutral purpose clamped inverter. It had been
initially planned as a three level inverter. It’s been shown
that the principle of diode clamping can extended to any
level. A diode clamped leg circuit is shown in Figure 1.

Vde 1L

Fig.1.Diode clamped multilevel inverter

111 .2.  Flying Capacitor Multilevel Converter

As an alternate for the diode clamped inverter is that
the capacitor clamped inverter planned by Meynard and
Foch that shared many of the advantages. The structure
of the capacitor clamped inverter} is similar to that of the
diode clamped converter. The most difference is that the
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diodes used for the clamping are replaced by capacitors.
A Flying capacitor converter leg circuit is shown in
Figure 2.

Fig. 4 Simulation result of flying capacitor voltages

In this fig.4 shows frequency 5 kHz. The dc-link
voltage is set at 18kV and flying capacitors are 330uF. It
can be seen that even without an RLC balance booster,
the capacitor voltage errors are limited to less than 4%.

Fig.2.Flying capacitor multilevel inverter

I11.3. Cascaded Multilevel Inverter A ,‘\ MR \ i ﬁ\ f p\ i ﬂ\ i {*\ AARAALAALAR LA
The CMLI produce a sinusoidal voltage from whole
totally different sources of DC. The inverter depends on
the full-bridge inverter (cell), that allows increase sort of
levels 2m+1 (where m is that the amount of cells that
build the inverter). This type of inverter avoids the use of
interlocking diodes, capacitors voltage balancing float in . } }
addition a low ThD is also obtained by controlling the U T Y
gate trigger of the varied voltage levels.
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1V. Result

To verify the operation of the proposed topology and a
model is developed and simulated with MATLAB
software. The performance of the natural balancing
technique for a three phase inverter is used.

g

I e

Fig.6 Simulation result of Phase voltage

=
%—' Fig.6 shows the output phase voltage (VrO), while the
B = voltages of the 5L -ANPC output voltage (VwO) and H-

Fig. 3 Model of the proposed system bridge output voltage (Vrw), respectively.

The fig.3 shows a proposed model. In this model

discuss the operation of a multilevel converter based on V. Conclusion

the cascaded interconnection of a 3L-ANPC converter A new hybrid 5-level inverter topology and
and individual H- bridges for each phase. The  modulation technique is projected. Compared to 5-level
configuration of the circuit is shown in Fig. 3. ANPC because the most similar topology, this new

topology needs 2 less switches at the price of a further
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capacitor and 6 diodes. However, since the capacitors
still see the switching frequency and their size remain a
similar, it's expected to reduce the inverter’s total value.
Also, unlike 5-level ANPC, all switches should withstand
a similar voltage that eliminates the requirement for
series connection of switches and associated
simultaneous turn on and off drawback. Sensible loss
distribution among switches will increase the inverters
rated power or offer higher switching frequency and
smaller capacitor size.
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