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Abstract - The cascaded multilevel inverter (CMLI) has
gained much attention in recent years due to its
advantages in high voltage and high power with low
harmonics applications. A standard cascaded multilevel
inverter requires n DC sources for 2n+1 levels at the
output, where n is the number of inverter stages. This
paper presents a topology to control cascaded multilevel
inverter that is implemented with multiple DC sources to
get 2™1- 1 levels. With using Pulse Width Modulation
(PWM) technique, the firing circuit can be implemented
which greatly reduces the Total Harmonic Distortion
(THD) and switching losses.
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I. INTRODUCTION

The H-bridge conventional inverters were used in many
industrial applications for many years. Their output is of poor
quality with more harmonic components and in some
applications their use is not satisfactory. High switching
frequency of PWM inverters results in low efficiency and
high dv/dt stress. Due to these problems, the conventional H-
bridge inverters and Pulse Width Modulated inverters have
been substituted by new multilevel inverters .Industrial
applications use multi-level inverter techniques to decrease
the voltage stress developed on power devices and to produce
output voltages of good quality.

The multi-level inverters improve the ac power quality by
performing the power conversion in small voltage steps
resulting in lower harmonics content. The harmonic content
of this output voltage waveform is greatly reduced compared
to two-level output voltage waveform. The use of multilevel
inverters is increased considerably in different utilities like
UPFC, Industrial Drives, Electric Vehicles, Renewable
Energy Conversion, Distributed Generation, Active Filtering
and many more. Multilevel inverters have lesser Total
Harmonic Distortion, voltage stress across the switch,
Electromagnetic Interference effect, and higher power rating
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as compared to two-level inverter. The main objective of
topological development of multilevel inverters is to reduce
the number of switching devices as compare to conventional
MLI topologies .

In this paper, a new combined cascaded multilevel
inverter with reduced number of required IGBTs and DC
voltage sources is proposed. The advantages and
disadvantages of the proposed topology and results are
analyzed. At the end, the topology of the proposed combined
cascaded multilevel inverter is experimented and the results
are shown and discussed.

Il. MULTILEVEL INVERTER

Now a day’s many industrial applications have begun to
require high power. Some appliances in the industries
however require medium or low power for their operation.
Using a high power source for all industrial loads may prove
beneficial to some motors requiring high power, while it may
damage the other loads. Some medium voltage motor drives
and utility applications require medium voltage. The multi
level inverter has been introduced since 1975 as alternative in
high power and medium voltage situations. The Multi level
inverter is like an inverter and it is used for industrial
applications as alternative in high power and medium voltage
situations.

General DC-AC Inverter Circuit:

The need of multilevel converter is to give a high output
power from medium voltage source. Sources like batteries,
super capacitors, solar panel are medium voltage sources. The
multi level inverter consists of several switches. In the multi
level inverter the arrangement switches’ angles are very
important.

Types of Multilevel Inverter:
Multilevel inverters are three types.
1. Diode clamped multilevel inverter
2. Flying capacitors multilevel inverter
3. Cascaded H- bridge multilevel inverter
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Diode Clamped Multilevel Inverter:

The main concept of this inverter is to use diodes and
provides the multiple voltage levels through the different
phases to the capacitor banks which are in series. A diode
transfers a limited amount of voltage, thereby reducing the
stress on other electrical devices. The maximum output
voltage is half of the input DC voltage. It is the main
drawback of the diode clamped multilevel inverter. This
problem can be solved by increasing the switches, diodes,
capacitors. Due to the capacitor balancing issues, these are
limited to the three levels. This type of inverters provides the
high efficiency because the fundamental frequency used for
all the switching devices and it is a simple method of the back
to back power transfer systems.

Ex: 5- Level diode clamped multilevel inverter, 9- level diode
clamped multilevel inverter.

The 5- level diode clamped multilevel inverter uses
switches, diodes; a single capacitor is used, so output voltage
is half of the input DC.

The 9- level diode clamped multilevel inverter uses
switches, diodes; capacitors are two times more than the 5-
level diode clamped inverters. So the output is more than the
input.

Applications of Diode Clamped Multilevel Inverter:

Static VAR compensation

Variable speed motor drives

High voltage system interconnections

High voltage DC and AC transmission lines

rowbdPE

Flying Capacitors Multilevel Inverter:

The main concept of this inverter is to use capacitors. It
is of series connection of capacitor clamped switching cells.
The capacitors transfer the limited amount of voltage to
electrical devices. In this inverter switching states are like in
the diode clamped inverter. Clamping diodes are not required
in this type of multilevel inverters. The output is half of the
input DC voltage. It is drawback of the flying capacitors multi
level inverter. It also has the switching redundancy within
phase to balance the flaying capacitors. It can control both the
active and reactive power flow. But due to the high frequency
switching, switching losses will takes place.

EX: 5-level flying capacitors multilevel inverter, 9-level
flying capacitors multilevel inverter.
This inverter is same like that diode clamped multi
inverter
In this inverter only switches and capacitors are
used.

Applications of Flying Capacitors Multilevel Inverter

1. Induction motor control using DTC (Direct
Torque Control) circuit

2. Static var generation

3. Both AC-DC and DC-AC conversion
applications

4. Converters with Harmonic distortion capability

5. Sinusoidal current rectifiers

Cascaded H-Bridge Multilevel Inverter:

The cascaded H-bride multi level inverter is to use
capacitors and switches and requires less number of
components in each level. This topology consists of series of
power conversion cells and power can be easily scaled. The
combination of capacitors and switches pair is called an H-
bridge and gives the separate input DC voltage for each H-
bridge. It consists of H-bridge cells and each cell can provide
the three different voltages like zero, positive DC and
negative DC voltages. One of the advantages of this type of
multi level inverter is that it needs less number of components
compared with diode clamped and flying capacitor inverters.
The price and weight of the inverter are less than those of the
two inverters. Soft-switching is possible by the some of the
new switching methods.

Multilevel cascade inverters are used to eliminate the
bulky transformer required in case of conventional multi
phase inverters, clamping diodes required in case of diode
clamped inverters and flying capacitors required in case of
flying capacitor inverters. But these require large number of
isolated voltages to supply the each cell.

Applications of Cascaded H-Bridge Multilevel Inverter
1. .Motor drives

Active filters

Electric vehicle drives

DC power source utilization

Power factor compensators

Back to back frequency link systems

Interfacing with renewable energy resources.

Noos~wWD

Advantages of Multilevel Inverter:

The multilevel converter has a several advantages, that is:
1. Common Mode Voltage:

The multilevel inverters produce common mode voltage,
reducing the stress of the motor and don’t damage the motor.
2. Input Current:

Multilevel inverters can draw input current with low
distortion
3. Switching Frequency:

The multilevel inverter can operate at both fundamental
switching frequencies that are higher switching frequency and
lower switching frequency. It should be noted that the lower
switching frequency means lower switching loss and higher
efficiency is achieved.

4. Reduced harmonic distortion:

Selective harmonic elimination technique along with the
multi level topology results the total harmonic distortion
becomes low in the output waveform without using any filter
circuit.
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IV. SIMULATION RESULTS

Simulink model for cascade multilevel inverter as shown in fig.
1.Matlab Simulink Model:

et

Three-Phae
V! Neastrement

Three Phage
Proyrammatle
Vot Soure

3

A

r -

.

L1 ]

1.INPUT VOLTAGE

2.REAL AND REACTIVE POWER

Leye S 3L I

—

N

Volege & Curent

§ N“—l
L

3.WITH HARMONICS

V
0 —b@
H I
e bRache
Aetve & Reartve Fotet
Poer

{0y

L)

e W

4 WITH HARMONICS

Volume 7, | ssue 02

Published by, www.ijert.org



www.ijert.org

Special Issue- 2019 International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
ICONEEEA - 2k19 Conference Proceedings

VIL.REFERENCES

[11 Z. Ye et al., “A novel dc-power control method for cascaded H-
bridge multilevel inverter,” IEEE Trans. Ind. Electron., vol. 64, no.
9, pp. 6874 6884, Sep. 2017.

[2] P.h.wuh.c chenw.t.cheng and p.t.cheng “Delta Connected
Cascaded H Bridge Converter Application In Unbalanced Load
Compensation” IEEE transaction on industry application ,volume
53 n0.2,pp.1254-1262,2017

[3] Yang, X., Zhang, J., He, W.W., et al.: “Physical investigation into
effective voltage balancing by temporary clamp technique for the
series connection of IGBTSs”, IEEE Trans. Power Electron., 2017,
33, (1), pp. 248-258.

[4] Shouvik Mondal, Tapas Roy, Abhijit Dasgupta and Pradip Kumar
Sadhu “Study of a New Single Phase Multilevel Inverter based on
Switched Capacitor Units” 1st IEEE International Conference on
Power Electronics, Intelligent Control and Energy Systems
(ICPEICES2016).

[5] S. K. Rai, Pradyumn Chaturvedi, Shimi S. L. “SHEPWM Based
Multilevel T-Type Inverter Topology for Single-Phase Photovoltaic
Applications”. IEEE Transactions, 978-1-4673-8888-7/16@2016.

[6] J. Swetha, S. Zubeda, Ch. D. Lakshmi Priya and B. M. Reddy “A
Three Phase Cascaded H-Bridge Multi Level Inverter fed Induction
Motor Drive with Reduced Switches”. SSRG International Journal
of Electrical and Electronics Engineering— (ICEEMST’17) - Special
IssueMarch 2017.

[7] Pratik Udakhe, Dipesh Atkar, Sateesh Chiriki and V. B. Borghate
“Comparison of Different Types of SPWM Techniques for Three
Phase Seven Level Cascaded HBridge Inverter”. 1 st IEEE
International Conference on Power Electronics, Intelligent Control
and Energy Systems (ICPEICES-2016)

[8] E. Samadaei, A. Sheikholeslami, S.-A. Gholamian, and J. Adabi, “A
Square T-Type (ST-Type) Module for Asymmetrical Multilevel
Inverters,” IEEE Trans. Power Electron., vol. 33, no. 2, pp. 987-996,
2018.

[9] Jayaram Nakka, Asharaf Ali, “Improved performance of multilevel
Inverter ”, IEEE 2016 International Conference on Microelectronics,
Computing and Communications (MicroCom), DOL
10.1109/MicroCom.2016.7522514

[10] Hemant Gupta, Arvind Yadav, Sanjay Maurya, “Multi Carrier PWM
and Selective Harmonic Elimination technique for Cascade
Multilevel Inverter”, IEEE Trans. on Advances in Electrical,
Electronics, Information, Communication and Bio-Informatics,
2016, Pages: 98 - 102, DOI: 10.1109/AEEICB.2016.7538405.

[11] [1] H. Akagi, “Multilevel Converters: Fundamental Circuits and
Systems,” Proc. IEEE, vol. 105, no. 11, pp. 2048-2065, 2017

VIL.CONCLUSION [12] K. K. Gupta, A. Ranjan, P. Bhatnagar, L. K. Sahu, and S. Jain,

“Multilevel Inverter Topologies with Reduced Device Count: A

Review,” IEEE Trans. Power Electron., vol. 31, no. 1, pp. 135-151,

In this paper 15 level cascaded multi level inverter has been 2016.

designed with a new PWM technique. In this technique we [13] A.S. Alishah, S. H. Hosseini, E. Babaei, and M. Sabahi, “Optimal

use Diode Bridge Integrated with the H Bridge multi level Design of New Cascaded Switch-Ladder Multilevel Inverter

. . . . Structure,” IEEE Trans. Ind. Electron., vol. 64, no. 3, pp. 2072—

inverter in such a way, such that we obtain the desired output 2080. 2017

Wlth. lesser THD I.t 1mproves the output level of mverte.r: [14] R. Barzegarkhoo, M. Moradzadeh, E. Zamiri, H. M. Kojabadi, and

provides flexibility in design and also decreases the harmonic F. Blaabjerg, “A New Boost Switched-Capacitor Multilevel

content. The performance of inverter has been verified with Clonveftef Wlith Reduced Circuit Devices,” IEEE Trans. Power
. . . . Electron., vol. PP, no. 99, pp. 1-1, 2017.

the help of simulation using MATLAB. Th.e Line voltage and [15] A. Hota, S. Jain, and V. Agarwal, “An Optimized Three Phase

line Cu_rrent THDS .Wlth this techniques n both cases are Multilevel Inverter Topology with Separate Level and Phase

determined and it is observed that there is no Slgnlﬁcant Sequence Generation Part,” IEEE Trans. Power Electron., vol. 32,

difference. This technique can also be implemented in no. 10, pp. 74147418, 2017

induction motor for speed motor and in remote areas.

Volume 7, I'ssue 02 Published by, www.ijert.org 4


www.ijert.org

