EasyChair Preprint
№ 3125

Modelling & Simulation of 19-level Cascaded
Hybrid Multilevel Inverter with less number of
Switches
Milan Sasmal, Partha Das and Sandeep Podder

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

April 7, 2020

Available in the SSRN eLibrary: http://ssrn.com/link/I-I-I-Science-Engineering-Technology.htmlEngineering Research
Network (EngRN)

MODELLING & SIMULATION OF 19-LEVEL CASCADED HYBRID
MULTILEVEL INVERTER WITH LESS NUMBER OF SWITCHES
MANUSCRIPT T RACK:ADVANCED P OWER S YSTEMS,

Milan Sasmal * (AP, JISCE), Partha Das (AP, JISCE), Sande ep Podder (Student,
JISCE).
Abstract:
In 21st century, we can't imagine a single day without electrical appliances and the most
important thing is to get uninterrupted power supply. Inverter is the essential part to design an
uninterrupted power supply system. This paper presents the modelling and simulation of 19-level
cascaded hybrid multilevel inverter (MLI) having less number of switches. MLI is one of the most
efficient power converters which are especially suited for high power applications with reduced
harmonics. MLI not only achieves high output power but also used in renewable energy sources
such as photovoltaic, wind and fuel cells. The main objective of this paper is to get alternating
quantity by using cascaded MLI with unequal DC sources called asymmetric cascaded MLI which
requires reduced number of power switches. The proposed technology is based on the concept of
the ratio of weights in weight box as 5:2:2:1. As it provides a multi stage alternating output based
on predefined frequency, so this proposed one can be used for UPS, HVDC transmission system
for getting higher efficiency.
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I.

INTRODUCTION

The inverters are relied upon to provide sinusoidal
yields yet the most of the available inverters
produce non-sinusoidal output and subsequently
contain a high level of harmonics distortion. So to
design a close sinusoidal component with the
reduced harmonic distortion, multilevel inverters
are the best suitable option. This proposed
methodology can be used for electric vehicle,
HVDC power transmission and UPS design mostly.
Among the different multilevel structures that were
introduced by researchers, the cascaded multilevel
inverter[4][5] turns out to be much predominant in
harmonic reduction. Further, the harmonics of
lower order which are present in the output of any
inverter can be minimized by changing different
switching strategies and asymmetric sources. To
eliminate the lower order harmonics, the
technology that was developed, named as Selective
Harmonic Elimination Pulse Width Modulation
(SHEPWM)[5] technique for multilevel inverters.
The trigonometric terms in the equations provide
multiple solutions thereby, making it complex to
control the switching angle and hence reduce the
lower order harmonics[4]. To suppress the lower
order harmonics, the control of the switching
angles of inverters is very important and that can be
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achieved by that arithmetic solution. Several
researches were carried out to solve these equations
by mathematical methods and evolutionary
algorithms. And the mathematical methods are
based on derivative process and needs some initial
assumptions.
Different
topologies[3]
were
developed like capacitor-clamped, diode-clamped
inverter and cascaded multilevel inverter with
separate values of DC sources. An optimal
switching technique was proposed to reduce the
switching losses, but due to high output currents
and series connection of several semiconductors
this technique had more conduction losses. Despite
the fact that different novel algorithms for Selective
Harmonic Elimination were created, yet they
slacked in the capacity to take out substantial
number of low order harmonics. This lead to the
advancements in selective harmonic elimination
pulse width modulated technique based on the
foraging behaviour of a colony of ants.
In recent years multilevel inverter plays an
important role and attracts more attention in the
conversion of medium power applications. It is
simple
in
construction, better-quality
in
performance and produces lesser harmonics and
having lower switching losses, with reduced
switching stresses[3] and harmonics. The three

I3SET2K19: INTERNATIONAL CONFERENCE ON INDUSTRY INTERACTIVE INNOVATIONS IN SCIENCE, ENGINEERING AND TECHNOLOGY
1
ELECTRONIC COPY AVAILABLE AT: https://ssrn.com/abstract=#######

Available in the SSRN eLibrary: http://ssrn.com/link/I-I-I-Science-Engineering-Technology.htmlEngineering Research
Network (EngRN)

commercial topologies of multilevel voltage source
inverters are (i) the Neutral Point Clamped (NPC)
or diode clamped multilevel inverter (DCMLI), (ii)
flying capacitor multilevel inverter (FCMLI) and
(iii) cascaded H bridge (CHB) multilevel
inverter[2][5]. Unlike DCMLI and FCMLI the CMLI
does not require voltage clamping diodes and
voltage balancing capacitors. This paper focuses
particularly on cascaded hybrid multilevel inverter
which requires several no of independent DC
sources with different values. Multilevel strategies
which are available till now, if we use “n” number
of DC sources the number of levels can be obtained
is (2n + 1)[1]. And based on the DC source used, the
CHB multilevel inverter is further divided into two
topologies namely symmetric and asymmetric
inverters. The values of all the voltage sources are
equal in symmetric topology[1][3]. In symmetric
topology if we want to increase the number of
output voltage levels, we have to increase in
number of switching devices. So in order to
achieve the more number of output voltage levels
with less number of switching devices, we have to
use the different value of DC sources, which is
named as asymmetric topology. Among these two
topologies, asymmetric cascaded MLI is explained
in this paper and it requires four no of unequal DC
sources to produce nineteen-level output. This new
topology has been proposed to obtain 19-level
output with minimum number of switches. In
addition to that the THD are reduced and some
specified lower order harmonics[6] are also
eliminated by using selective cascaded harmonic
elimination pulse width modulation (SCHE PWM)
technique.
II.

METHODOLOGY

The proposed system takes a user defined input
frequency to calculate the switching time by
considering a particular levelled output. And basis
on the switching time, switching pulse is being
generated and feeded to the selecting switches
to

generate a levelled output and based on the
condition of bridge switches, the alternating
voltages is experienced by the load. A normal H
bridge inverter and some auxiliary switches with
some un-identical sources are used for this
proposed system. A stepped waveform is generated
at the output according to how the sources are
being connected to the load. The H Bridge is used
normally to produce alternating voltage output. To
reduce the internal circuitry and overheating of the
circuit, different level of voltages is being used
which tends to reduce the number of switches. Here
we have considered the output voltage level at
‘(+ve)9’ to ‘(-ve)9 volt as a reference and to reduce
the number of switches the value of sources have
been considered at a ratio of 5:2:2:1. In this
particular format we can easily get the different
voltage level by connecting the different sources

Fig.2: Circuit model

simultaneously just like the weigh box concept.
During the positive half cycle, switches ‘a’ and ‘c’
are always turned on and the level selecting
switches are operated to get different voltage levels
as per our choice. To generate the negative half
cycle, switches ‘b’ and ‘d’ are conducting while the
level selecting switches are operated to get a
staircase voltage at the output. To obtain the first
level, the dc source of V1(1v) must be connected to
the load. To generate the second level, V2(2v) must
be connected to the load and to obtain the third
level both V1 and V2 must be connected and will
continues till the last level. The switches are
controlled in such a way that respective sources are
connected to the load during desired time intervals.

Fig.1: Block diagram of proposed model
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III.

EXPERIMENTATION

The new design of multilevel inverter is required to
reduce the number of switches to form an
asymmetric inverter. The circuit diagram of 19
level multilevel inverter is shown in fig 3.
Here there are 4 numbers of dc sources which are
connected with IGBT switches which makes an hbridge inverter. This is the main circuitry of our
proposed 19 level multilevel inverter. All IGBT
switches are connected as shown in fig.2 in order to
form a hybrid cascade inverter. The gate signal for
19 level inverter is generated for triggering the 8
main IGBT (selecting switch) to get the optimum
output. The main purpose of the other four IGBT
(bridge switch) is to control the output for the
positive and negative half. For first positive half
cycle switch ‘a’ & ‘c’ will be close & switch ‘b’ &
‘d’ will be open and for the very next negative half
cycle switch ‘b’ & ‘d’ will be close & switch ‘a’ &
‘c’ will be open.

5.

When S2,S3,S5,&S8 are ON then output
voltage is 4v
6. When S2,S4,S6,&S7 are ON then output
voltage is 5v
7. When S1,S4,S6,&S7 are ON then output
voltage is 6v
8. When S2,S3,S6,&S7 are ON then output
voltage is 7v
9. When S1,S3,S6,&S7 are ON then output
voltage is 8v
10. When S2,S3,S5,&S7 are ON then output
voltage is 9v
11. When S1,S3,S6,&S7 are ON then output
voltage is 8v
12. When S2,S3,S6,&S7 are ON then output
voltage is 7v
13. When S1,S4,S6,&S7 are ON then output
voltage is 6v
14. When S2,S4,S6,&S7 are ON then output
voltage is 5v
15. When S2,S3,S5,&S8 are ON then output
voltage is 4v
16. When S1,S3,S6,&S8 are ON then output
voltage is 3v
17. When S2,S3,S6,&S8 are ON then output
voltage is 2v
18. When S1,S4,S6,&S8 are ON then output
voltage is 1v
19. When S2S4,S6,&S8 are ON then output
voltage is 0v
For negative half cycle bridge switch ‘b’& ‘d’ are
always in ON stage and switch ‘a’& ‘c’ are always
in OFF stage and the selecter switching sequence
will remain same.
Table.1: Switch condition

Fig.3: Experimental circuit model

The switching sequence will be as follows:
For positive half cycle bridge switch ‘a’& ‘c’ are
always in ON stage and switch ‘b’& ‘d’ are always
in OFF stage
1. When S2,S4,S6,&S8 are ON then output
voltage is 0v
2. When S1,S4,S6,&S8 are ON then output
voltage is 1v
3. When S2,S3,S6,&S8 are ON then output
voltage is 2v
4. When S1,S3,S6,&S8 are ON then output
voltage is 3v
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IV.

RESULTS AND DISCUSSION

Here is the different switching signal, which is
being generated by the time setting block used in
MATLAB and feeded to the IGBTs and based on
that switching signal, we have achieved our target
levelled output.

Fig.8: Output for +ve half cycle

The output result is not a pure sinusoidal wave, but
closes to the sinusoidal form of positive half cycle
and the similar steps in negative region for the
other half cycle also. The harmonic distortion is
also minimised compare to other lower level
inverter system. For a seven level cascaded
multilevel inverter[1] THD at simulation level was
at 11.51% whereas our proposed system shows
only 8.47% of THD.
V.

Fig.4: Switching signal 1

Fig.5: Switching signal 2

CONCLUSIONS

The proposed system is capable to deal with high
voltage and high power cascaded hybrid multilevel
inverter with uneven DC voltage sources. And the
complete simulation model of a cascaded
multilevel inverter system has been proposed by
using MATLAB/Simulink programming. As the
system clearly shows the output closer to the
sinusoidal form with a reduced harmonic distortion,
so we can use the system to design an uninterrupted
power supply, inverter system as well as in the
converter station for a HVDC transmission system.
REFERENCES
1.

Fig.6: Switching signal 3

2.

Fig.7: Switching signal 4

After successful operation of all the switches, the
expected result looks like the below mentioned
figure 8.

3.

4.

Rajaiah, J., Ramar, V. and Parasunath, V. (2016)
Harmonic Minimization in Seven-Level Cascaded
Multilevel Inverter Using Evolutionary Algorithm.
Circuits
and
Systems,
7,
2309-2322.
http://dx.doi.org/10.4236/cs.2016.79201
Rodriguez, J., Lai, J.-S . and Peng, F.Z. (2002)
Multilevel Inverters: A Survey of Topologies,
Controls, and Applica-tions. IEEE Transactions on
Industrial
Electronics,
49,
724-738.
http://dx.doi.org/10.1109/TIE.2002.801052
Malinowski, M., Gopakumar, K., Rodriguez, J. and
Perez, M.A. (2010) A Survey on Cascaded
Multilevel Inverters. IEEE Transactions on Industrial
Electronics, 57, 2197-2206.
http://dx.doi.org/10.1109/TIE.2009.2030767
Krishnan, G & Rajkumar, M.Valan & Hemalatha, C.
(2016). Modeling and Simulation of 13-level

I3SET2K19: INTERNATIONAL CONFERENCE ON INDUSTRY INTERACTIVE INNOVATIONS IN SCIENCE, ENGINEERING AND TECHNOLOGY
4
ELECTRONIC COPY AVAILABLE AT: https://ssrn.com/abstract=#######

Available in the SSRN eLibrary: http://ssrn.com/link/I-I-I-Science-Engineering-Technology.htmlEngineering Research
Network (EngRN)

5.

6.

Cascaded Hybrid Multilevel Inverter with less
number of Switches. International Journal of
Innovative Studies in Sciences and Engineering
Technology (IJISSET). 2. 43-47.
Dahidah, M.S.A. and Agilities, V.G. (2008) Selective
Harmonic Elimination PWM Control for Cascaded
Multilevel Voltage Source Converters: A
Generalized Formula. IEEE Transactions on Power
Electronics, 23, 1620-1630.
Thirumurugan, P. & P.S., Manoharan &
Valanrajkumar, M.. (2012). VLSI based space vector
pulse width modulation switching control. 338-342.
10.1109/ICACCCT.2012.6320798.

Author Biographical Statements
"Mr. Milan Sasmal received
Bachelor in Technology in
Electrical
Engineering
Department in 2012 then
Master in Technology in
Electrical Devices and Power
System in 2015. Currently
working as an Assistant
Professor
in
Electrical
Engineering Department of
JIS College of Engineering,
Kalyani, Nadia, West Bengal.
Area of interest is in Power
System and Power electronic
devices.
E-mail:
milan.sasmol@jiscollege.ac.i
n"
"Mr. Partha Das received
Bachelor in Technology in
Electrical
Engineering
Department in 2010 then
Master in Technology in
Electrical Devices and Power
System in 2012. Currently
working as an Assistant
Professor
in
Electrical
Engineering Department of
JIS College of Engineering,
Kalyani, Nadia, West Bengal.
Area of interest is in Power
System expansion planning.
E-mail:
partha.das@jiscollege.ac.in"
"Mr. Sandeep Podder, a PG
scholar in the department of
Electrical Engineering, JIS
College of Engineering,
Kalyani, Nadia, West Bengal.
E-mail:
sandypodder1@gmail.com "

I3SET2K19: INTERNATIONAL CONFERENCE ON INDUSTRY INTERACTIVE INNOVATIONS IN SCIENCE, ENGINEERING AND TECHNOLOGY
5
ELECTRONIC COPY AVAILABLE AT: https://ssrn.com/abstract=#######

