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ABSTRACT:

Multilevel inverters have become more popular in
electric high power and medium voltage applications
due to fewer disturbances and obtains the quality
power. This paper presents a new topology of a
multilevel invert er with single DC source and high
frequency cascaded transformers to reduce the
harmonics and obtain a high output voltage from less
input voltage. The proposed topology uses Voltage
Source Inverters, which are controlled by using Carrier
Based Phase Shift PWM technique. Simulation and
Comparison can be studied using
MATLAB/SIMULINK for the proposed inverter and
other topologies.
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1. INTRODUCTION:

In recent years, many industrial applications require
higher power applications and some motor drives and
utility applications require medium voltage and power.
As a result, multilevel inverters has designed to
achieve the high power and medium voltages, and thes
e inverters are applicable to Power Grids, Electric
vehicles, Batteries, and renewable energy sources. The
concept of multilevel inverter [1]-[4] had begun in
1975 as to overcome the disadvantage of two -level
inverters (Voltage source inverters which produce two
level output i.e. +Vdc and —Vdc having more ripple
content) and also reduce the ripples in the output
voltage.
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A multilevel inverter not only achieves the high power
but also reduces the , EMI problems and soon. A
multilevel inverter uses high switching frequency
pulse width modulation technique which gives the
higher output voltage. Multilevel inverters can be
basically classified into three topologies.

1) In Neutral Point clamped multilevel inverters
(NPCMLI), [5] the DC source voltage can be
converted into capacitor voltage and the number
of levels is increased by increasing the number of
diodes and diodes are used as clamping devices.
The advantages of using this topology are it can
be operated in SDCS, requires fewer components
due to the usage of fewer capacitors and thereby
reduces the overall cost of the multilevel inverter.
The disadvantages are obtained limited output
voltage and for more than three levels the
capacitor unbalancing occurs and efficiency
decreases.

2) In capacitor clamped multilevel inverters [4] [6]
[7], the number of levels are increased by using
the capacitors and these are also called as Flying
capacitor multilevel inverters as the capacitors
charge float on the earth potential. It overcomes
the disadvantages of NPCMLI by using the
capacitors as clamping diodes. Capacitors can be
pre- charged before using it in an inverter. To
provide the balanced configuration, only one
switch should be ON at a time. The advantages of
capacitors clamped MLI are analyzing of the
branch should be independent, voltage balancing
of the capacitor and gives better power quality
performance. Capacitor pre-charging is difficult in
capacitor clamped MLI.
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3) The Cascaded H-Bridge multilevel inverters
(CHBMLI) [4] [8]-[10] are the basic, well —
known and most commonly used multilevel
inverters which are applicable to many
applications as it requires less number of
components when compared to other topologies.
This multilevel inverter consists of H-bridge cells
or modules which are connected in series as
shown in the below fig: 1 to produce the stepped
output voltage waveform. The Stepped output
voltage is obtained by increasing the number of H-
Bridge cells and then the harmonics can be
reduced to obtain the quality power. Each H-
bridge cells consists of DC source with four
switches to obtain the three phase output voltage
i.e., +Vdc, 0, and -Vdc.

Features of MLI:

Real power flow can be controlled as the structure is
having separate DC sources. Harmonics can be reduced
and triple harmonics are eliminated.Real time switching
i.e., the switching time is zero.
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Fig: 1.Cascaded H-Bridge multilevel inverter for
11-level

(@) per single phase
(b) per three phase
(c) The advantages of cascaded H-Bridge MLI"s
are the usage of less number of components, size and
cost are reduced because they do not need capacitors
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and diodes, Total Harmonic Distortion (THD) is also
reduced, high power quality both real and reactive
power flow is controlled. Due to these features, the
cascaded H-Bridge MLI“s are used in various
applications such as in Batteries, Variable Speed
drives, Induction motors, Static Var compensation,
power grids, and Flexible AC transmission systems
and so on. For controlling the real power flow, it
requires separate DC sources as input. To manage
these DC sources it becomes difficult as the possibility
of a short circuit at the input side. Thereby, the
cascaded  multilevel  inverters have limited
applications.

(d) This paper presents a new topology with
single DC source and high frequency cascaded
transformer to obtain the high output voltage from less
input source. The proposed topology has a significance
that directly three phase output voltage is obtained
from the single leg only. The proposed topology is
applicable to Battery storage systems [11] and
alternative energy sources to the power grid. The
switches in the multilevel inverter are controlled by
using the Phase-Shift carrier based PWM modulation
technique. By using this technique, harmonics can be
reduced and gets the quality output power. Simulation
and comparison can be done wusing the
MATLAB/SIMULINK to verify the performance of
the proposed topology and other topologies for 11-
level.

2. MULTILEVEL INVERTERS WITH SINGLE
DC SOURCE:

The cascaded multilevel inverters play an important
role in medium and high voltage applications as it
requires fewer components compared to other
topologies. In CHBMLI, increasing the levels
increases the DC sources as each H-Bridge needs
separate DC sources for each phase and availability of
occurring short circuit a t the input side. In some
applications such as batteries in electric vehicles needs
[12] an only single source to reduce the size and cost
of the inverter and high -frequency transformers are

used for easy isolation.
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To overcome the disadvantages of cascaded H-Bridge
MLI, new families of topologies have been designed
with single DC source and high frequency cascaded
transformers.

Fig: 2. Topology of H-Bridge cascaded transformer
(HBCT) multilevel inverter

Some topologies with Single DC source are (1) H-
Bridge Cascaded Transformer (HBCT) Multilevel
inverter [16] (2) Combined H-Bridge cascaded
transformer (CHBCT) multilevel inverter [14]. (3)
Asymmetric Cascaded multilevel inverter. [13] (4)
Sub multilevel inverter [15]. For comparison to the
proposed topology the HBCT multilevel inverter has
shown in the below fig: 3. The HBCT multilevel
inverter consists of single DC source and cascaded
transformers to obtain the output voltage. The output
voltage is increased by increasing the cascaded
transformers but not the H-Bridge modules. The
transformers are used for easy electrical isolation. In
the HBCT multilevel inverter, the output voltage is
evaluated by connecting the primary terminals of the
transformers to H-Bridge modules and secondary
terminals are connected to the load. The output voltage
of 3-level three phase HBCT multilevel inverter is
+Vdc, 0 and — Vdc. The output voltage is the product
of turn’s ratio of the transformer and input DC source.
The turn’s ratio depends upon the type of inverter, if
the inverter is symmetric then turn’s ratio is one and
the inverter is non-symmetric then the turn’s ratio
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depends on the ratio of secondary terminals to the
primary terminals.

The number of levels is given by the formula

m=2n+1 (1)

The output voltage is given by the formula

Vo =201V, (2)
Where n is the number of cascaded transformers and
m is the number of levels

3. Proposed Voltage Source Cascaded Transformer
(VSCT) Multilevel Inverter:

The proposed topology uses Voltage source inverters
or Six- Switch inverters and high frequency cascaded
transformers to produce the three-phase output voltage
from the single leg. The proposed topology has Single
DC source and eliminates the disadvantages of
cascaded H-Bridge multilevel inverters and gives the
high output voltage from a lower input voltage. In
HBCT multilevel inverter single phase H-Bridge
modules are used as shown in the Fig: 2, where in the
proposed topology uses Six- Switch inverters as the H-
Bridge cells as shown in the figure: 3.The transformers
in this topology are used for easy electrical isolation
and the leakage reactance in the windings helps to
filter the harmonics [17]. The proposed topology has
voltage source inverters and complimentary inverter
other to provide the positive and negative voltages.
The voltage Source inverter consists of six switches to
produce the two -level output voltage. For three level
three phase output voltage, two voltage source
inverters are connected to the single DC source. The
primary terminals of the transformers are connected to
the voltage source inverters and secondary terminals
are connected to the load or power grid to evaluate the
output voltage +Vdc, 0, -Vdc. The transformers are
used to produce the output voltage from the single DC
source and also helps to filter the harmonics. The
number of levels is increased by increasing the
cascaded transformers and is given by the Eqn:1.
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The output volt age changes from +nKVdc to —-nKVdc,
where n is the number of cascaded transformers, K is
the turn®s ratio of the transformer and Vdc is the input
DC source. The output phase voltage is given by Eqgn:
2

Fig: 3. Basic cell of the proposed topology for three
phase three level VSCT multilevel inverter

The two voltage source inverters are controlled by
using the most popular and well known PWM
technique i.e., Phase-Shift carrier based PWM
modulation technique [1]. In phase shift carrier based
PWM technique, the pulses are generated by
comparing the reference wave with the carrier waves.
A Number of carrier waves is (m-1)/2, and each carrier
wave is shifted by angle.

360"
(m-1)

The complimentary inverter block is having the same
frequency and same magnitude, but phase shift to the
inverter block. For example, phase consists of four
switches i.e., S1, S4,S7& S10. S1 & S10 are ON at a
time to produce +Vdc& 0 and S4 & S7 are ON at a
time to produce —Vdc&0. The proposed 11-level
VSCT multilevel inverter has 10 inverter blocks i.e.,
five Voltage source inverters and five complimentary
voltage source inverters as shown in figure: 4.The
complimentary inverter which is next to the six-switch
inverter are used to connect the four single phase
transformers. The proposed compact VSCT multilevel
inverter is shown in fig: 5 uses less number of
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components as it reduces 36% of a total number of
switches. To reduce the number of switches each
complimentary inverter is removed from the each basic
cell of the cascaded blocks except one complimentary
block at one stage is to be placed in order to provide
the complimentary path for getting the output voltage
and also remove the last transformer of the cascaded
transformers if electric isolation is not needed and
turn“s ratio is small. The proposed compact VSCT
uses only 6 inverter blocks for 11-level inverter. The
pulses are generated by comparing the three
modulating waves at the fundamental frequency to the
carrier waves.
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Fig: 4. Topology of initial proposed VSCT
Multilevel inverter

The inverter blocks are controlled by Phase shift
technique and the carrier wave has a phase shift is
given by
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i+360°
(m—-1)

Where ,,i* is the cascaded stage number and the
complimentary block have the same carrier waves of
the inverter, but modulating waves are shifted by

180°.
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Fig: 5. Topology of the compact VSCT multilevel
inverter

4. SIMULATION AND COMPARISON RESULTS

In multilevel inverters as the number of level increases
to get the quality power, the components also increase
then the cost and size of the inverter increases where
the proposed topology uses fewer components. The
conventional multilevel inverter uses 60 switches, but
the proposed inverter uses only 36 switches.
Simulation can be done in MATLAB/SIMULINK to
verify the performance of the proposed Voltage Source
Cascaded Transformer multilevel inverter and
conventional ~ H-Bridge  cascaded  transformer
multilevel inverter and the simulation diagram of
compact proposed VSCT multilevel inverter where the
turn®s ratio is same as shown in the fig: 6.
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Fig: 6: Imulation diagram of proposed compact
VSCT multilevel inverter

Table-1: Comparison of Components in the
Proposed and Other Topologies for Three Phase
Nine-Level

CHB HBCT VSCT
multilevel | multilevel | multilevel
inverter inverter inverter
Input DC
15 1 1
sources
Switches 60 60 60
Cascaded 0 5 4
Transformers

Figure: 7 &8 shows the output voltage waveforms and
the corresponding THD for the both conventional
HBCT multilevel inverter and the proposed inverter.
The proposed inverter has low harmonic distortion
compared to conventional and less number of
components are used. In the proposed topology to
achieve the high output voltage, high frequency
transformers turn“s ratio is unity and carrier frequency
is high. Inductance and capacitance are used to filter
the harmonics.
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Fig: 7. Output waveforms of the HBCT multilevel
inverter (a) without filter (b) with filter

.....~ s Y ot

‘I“l II II I.mll ll.ll ‘|.|| L

Fig: 8 Output waveforms of the proposed multilevel
inverter (a) without filter (b) with filter

5. CONCLUSION:

This paper presents a new topology of multilevel
inverter with single DC source and three high
frequency cascaded transformer blocks to produce the
high output voltage from low input voltage. The
proposed topology consists of voltage source inverters
and three cascaded transformers blocks for three phase
supply directly from the single leg. The proposed
topology eliminates the limitations of conventional H-
Bridge multilevel inverter and is applicable to high
power and high voltage applications such as batteries
and renewable energy storage devices. The simulation
results can be studied in MATLAB and it is verified
that, the proposed topology gives the better
performance over to conventional topology. The
proposed topology reduces the harmonics i.e. lower
order harmonics and the higher order harmonics can be
easily filtered by using filters
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