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Abstract - In this paper the single phase 15-level Sub-
Multilevel Cascaded H-Bridge Inverter (SMCHBI) is designed. It
consists of H bridge inverter configuration and sub-multilevel
modules. Stepped DC link voltage and current into sinusoidal
waveform using H Bridge Inverter. Stepped DC link voltage
and current from the DC sources synthesize by using Sub-
multilevel switches. The proposed system employs the reduced
number of power switches, DC sources Compared with
conventional Cascaded Multilevel Inverter (CMLI). The
proposed system not only reduces the overall system cost but
also reduces the voltage stress across the inverter switches.

The proposed model will be developed using
MATLAB/Simulink.
Key Words: Cascaded Multilevel Inverter, Zero Voltage

Switching (ZVS), Multilevel Cascaded H-Bridge Inverter

1.INTRODUCTION

A wide spread scope for efficient operation of power
converters due to advancement in power electronics. Power
electronic converters have the responsibility to carry out
these tasks with high efficiency. Variable speed drives plays
avital role in present day industries. Voltage Source Inverter
(VSI) and Current Source Inverter (CSI) are Traditional
power electronic inverters. The variable speed of industrial
drives works on two-level VSI topology is the simplest
topology used to achieve. Multilevel Inverters (MLI) are
emerging as the new breed of power converter options for
high power applications. Flying Capacitor Multilevel
Inverters (FCMLI), Cascaded Multilevel Inverter (CMLI) and
Diode Clamped Multilevel Inverters (DCMLI) are three
topologies of Multilevel Inverter (MLI).

Among all topologies of inverter, as the voltage level
increases, FCMLI is difficult to be realized because each
capacitor must be charged with different voltages. The
FCMLI also known as a neutral clamped converter is difficult
in DC link voltage unbalancing to be expanded to multilevel
because of the natural problem. High voltage stress can be
occurring in Two- level inverters and multilevel inverters of
FCMLI and DCMLI. To reduce the voltage stress across the
inverter switches, by using resonant soft switching circuits
we can reduce the voltage stress across the inverter
switches. Most solar cell installation involves the use of

Multiple solar panels or modules, which are connected in
series or parallel with CMLI. Lower semiconductor voltage
stress, better harmonic performance, lower Electro Magnetic
Interference (EMI) and lower switching losses are the most
popular advantages of CMLI compared with the traditional
two level voltage source inverters. Because of controlled
power switches for higher voltage levels and more number
of DC sources, the efficiency of the CMLI system is degraded.

Increase the efficiency of the inverter operation
and reduce the THD level in the operation of inverter can be
achieved by multilevel inverter circuit which is used. Diode
clamped, capacitor clamped and cascaded multilevel inverter
are three types of topologies in multilevel inverter. It is
cheaper in cost compared with transformer combined
structure due to H-bridge structure takes no dc to dc boost
converter and no additional transformer connection.
Multilevel inverter converter several DC sources to AC
output voltage.

2. STRUCTURE OF SUB-MULTILEVEL CASCADED H-
BRIDGE INVERTER

The equivalent structure of 15-level SMCHBI is
shown in Figure 1. The structure consists of DC voltage
source in series with sub-multilevel modules connected in
inverter is asymmetrical in manner. The output voltage is
always positive or zero of each sub-multilevel module. The
voltage polarity in every half cycle can be changed in order
to operate as an inverter.

An H-bridge inverter is added to the output of series
connected sub-multilevel modules in order to obtain output
voltage positive and negative. Each sub-multilevel module
consists of a DC source and (s+1) switches.

CMLI configuration has Number of levels can be
expressed as;

N level = 2s +1 (1
CMLI Number of switches can be expressed as;
N switch = 4s (2)
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SMCHBI configuration number of levels can be expressed
as; N level = 2(m+1)5 +1 3

SMCHBI Number of switches can be expressed as;
N switch = 2s + 4m 4)

Where,
m is the H-bridge inverter number
s is the DC source number
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Figure 1 15-Level SMCHBI- Equivalent Structure

3. MODES OF OPERATION

The proposed system can be operated under 15
modes of operation in order to obtain 15-level AC output
from the asymmetrical DC sources

3.1.Mode O

All the switches are getting turned OFF in mode 0
operation. The output voltage is zero of sub-multilevel
module and H-bridge inverter.

3.2.Modes 1& 8
The output voltage of 1stlevel of inverter, S1’, S; and
Sz sub-multilevel switches, S4 and Ss H Bridge switches are
getting turned ON. Hence, the DC voltage source VDC; is
linked with the drive load. The H-bridge inverter output
voltage can be expressed as;
Vo = Vo1 = VDC1 (For Positive Cycle) (5)
The output voltage of 8th level of inverter, S1’, S;and
Sz sub-multilevel switches, S7 and Sg H Bridge switches are
getting turned ON. The H-bridge inverter output voltage can
be expressed as;
Vo=-Vo1 =-VDC1 (For Negative Cycle) (6)

3.3.Modes 2 and 9
The output voltage of 2ndlevel of inverter, Sy, S2"and
S3 sub-multilevel switches, S4 and Ss H Bridge switches are
getting turned ON. Hence, the DC voltage source VDC; is
linked with the drive load. The H-bridge inverter output
voltage can be expressed as;
Vo = Vo2 = VDC, (For Positive Cycle) (7
The output voltage of 9t level of inverter, S, Sz and
S3 sub-multilevel switches, S¢ and S7 H Bridge switches are
getting turned ON. The H-bridge inverter output voltage can
be expressed as;
Vo = Vo2 = VDG, (For Negative Cycle) (8)

3.4.Modes 3 and 10
The output voltage of 3rdlevel of inverter, S, S;"and

S3 sub-multilevel switches, S4 and Ss H Bridge switches are
getting turned ON. Hence, the DC voltage source VDC; and
VDC; are linked with the drive load. The H-bridge inverter
output voltage can be expressed as;

Vo = Vo3 = (VDC1 +VDC?>) (For Positive Cycle) 9)

The output voltage of 10t level of inverter, S1’, S2’
and Sz sub-multilevel switches, S¢ and S; H Bridge switches
are getting turned ON. The H-bridge inverter output voltage
can be expressed as;

Vo =-Voz =-(VDC1 +VDC(3) (For Negative Cycle) (10)

3.5.Modes 4 and 11
The output voltage of 4th level of inverter, S4, Sz and

Sz’ sub-multilevel switches and S4 and Ss H Bridge switches
are getting turned ON. Hence, the DC voltage source VDC3 is
linked with the drive load. The H-bridge inverter output
voltage can be expressed as;

Vo =V04=VDC(3 (For Positive Cycle) (11)

The output voltage of 11t level of inverter, Sy, Sz and
Sz’ sub-multilevel switches and S¢ and S7 H Bridge switches
are getting turned ON. The H-bridge inverter output voltage
can be expressed as;
Vo =-Voa =-VDC3 (For Negative Cycle) (12)

3.6. Modes 5and 12
The output voltage of 5t level of inverter, S1’, Sz and

S3’ sub-multilevel switches and S; and Ss H Bridge switches
are getting turned ON. Hence, the DC voltage source VDC;
and VDCz is linked with the drive load. The H-bridge inverter
output voltage can be expressed as;

Vo = Vos = VDC1 + VDC5 (For Positive Cycle) (13)
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The output voltage of 12th level of inverter, S1’, Sz and Sz’ sub-
multilevel switches and S¢ and S; H Bridge switches are
getting turned ON. The H-bridge inverter output voltage can
be expressed as;

Vo =-Vos =-(VDC1+VDC3) (For Negative Cycle) (14)

3.7.Modes 6 and 13
The output voltage of 6t level of inverter, Sy, S2’ and
S3’ sub-multilevel switches and S4 and SsH Bridge switches
are getting turned ON. Hence, the DC voltage source VDC;
and VDCs is linked with the drive load. The H-bridge inverter
output voltage can be expressed as;
Vo = Voe = VDC, +VDC3 (For Positive Cycle) (15)
The output voltage of 13t level of inverter, Si, S2’
and S3’ sub-multilevel switches and S¢ and S; H Bridge
switches are getting turned ON. The H-bridge inverter
output voltage can be expressed as;
V0 =-V06=-(VDC2 +VDC3) (For Negative Cycle) (16)

4. SIMULATIONS AND RESULTS

3.8. Modes 7 and 14
The output voltage of 7t level of inverter, S1’, S2’

and S3’ sub-multilevel switches and S4 and S5 H Bridge
switches are getting turned ON. Hence, the DC voltage source
VDC;, VDCzand VDC3 is linked with the drive load. The H-
bridge inverter output voltage can be expressed as;
Vo = Vo7 = VDC1 +VDC> +VDC5 (For Positive Cycle) (17)

The output voltage of 14t level of inverter, S1’, S2’
and S3’ sub-multilevel switches and S4 and S5 H Bridge
switches are getting turned ON. The H-bridge inverter
output voltage can be expressed as;

Vo =-Vo7 =-(VDCy +VDC; +VDCs) (18)

The software MATLAB was used in the simulations to obtain the results for the single phase 15-level Sub- Multilevel

Cascaded H-Bridge Inverter as shown in figure 2.
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Figure 2 Simulation Circuit - single phase 15-level Sub- Multilevel Cascaded H-Bridge Inverter
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Figure 8 Output voltage FFT analysis

5. CONCLUSION

In this paper, a new structure of single phase 15-
level Multilevel Cascaded H-Bridge Inverter has been
proposed. The proposed system does not required additional
resonant soft switching circuits for Zero Voltage Switching
(ZVS) of inverter. It has been shown that the structure
consisting of sub-multilevel modules and H-bridge inverter.
The proposed topology extends the design flexibility and
possible to optimize the power converter.
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