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Abstract

Cascaded H-bridge multilevel inverter structure allows modularized circuit layout and packaging, but they are prone to high
switching losses due to high switching frequency. This problem can be alleviated by reducing the number of semiconductor
switches and decreasing the number of switching per cycle. To overcome the foresaid drawbacks, this paper presents an
11 level cascaded H-bridge inverter feeding RL load, with reduced switching losses and less harmonic distortion. The
inverter output voltage can be shaped by having unequal voltage sources. With proper switching, number of levels can
be increased thus reducing the harmonic distortion, meanwhile the number of switching are also to be optimized. The

proposed asymmetrical H-bridge inverter uses lesser number of switches and switching.
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1. Introduction

Multilevel converters have become an integral part
of high and medium power industrial applications'.
Multilevel inverters have got many advantages as they can
develop very high voltages as well as high power without
involving transformers and dynamic voltage balancing
circuits®®. The attractive features of a multilevel converter
can be briefly summarized as staircase waveform quality,
common mode voltage elimination, low voltage stress
on semiconductor switches and high efficiency.The
three major categories of a multilevel inverter as far as
topology is concerned are the Neutral Point Clamped
(NPC), Cascaded H Bridge (CHB) and Flying Capacitor
(FC) multilevel inverters. Out of the three topologies of a
multilevel inverter it is found that the CHB topology uses
lesser number of semiconductor devices for generating
the desired level of voltage when compared to the other
two topologies®!'. When the number of semiconductor
devices decreases the switching losses also decrease in
direct proportion and therefore the efficiency of the entire
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system increases'’. For this reason a CHB multilevel
inverter can be considered as an effective option for
high medium and high voltage applications'"'>. However
use of higher level multilevel inverters may impose
other problems such as higher number of switching
devices, cost complexity etc'®. In this paper a topology
for 11 level multilevel inverter with reduced number of
switching components and reduced number of switching
is proposed. The proposed switching configuration gives
almost sinusoidal output voltage. Therefore the harmonic
content as well as distortion factor are reduced.

2. Cascaded 11-Levels Inverter

The circuit diagram of 11-level inverter is shown in Figure
1. It consists of an H-bridge with switches S10-S13 and 9
switches S1-S9 which are used to control the voltage levels
across H-bridge. 5 voltage sources V, -V, . with unequal
magnitudes are used as DC sources. This configuration
consists of less number of switches compared to all the
referred configurations.
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Figure 1. Cascaded 11-Levels Inverter for RL Load.

The input voltage magnitudes are given in Table 1.

Table 1. Input Voltages

Voltage Source Value (V)
v, 500
v, 400
V., 300
V., 200
V.. 100

The switching configuration to obtain 11-level output
voltage is given in Table 2.

Table 2. Cascaded 11-Level Inverter-Switching Table

Voltage Switching States

Level (V) S1 S2 83 S4 S5 S6 S7 S8 S9
0 0 0 0 O 0 0 0 O

+500 1 o 1 0 0 1 0 1

+900 1 1 0 0 1 0 1 0 1

+1200 1 1 0 1 0O 0 1 0 1

+1400 1 1 0 1 0 1 0 0 1

+1500 1 1 0 1 0O 1 0 1 0

Switches S10, S11 and S12, S13 conduct for positive
and negative half cycles respectively.

3. Simulation Results

The simulation is carried out using PSIM software. The
simulation circuit is shown in Figure 2. The switching
frequency is taken as 10kHz. The load resistance is 20Q
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and the load inductance is 100uH. The switching pulses
are shown in Figure 3. The Inverter output voltage and
output currents are shown in Figure 4. The FFT analysis
is carried out and the FFT spectra are shown in Figure
5. As observed from switching pulses, the total number
of switching per cycle is 28 which are comparatively less.
Therefore the switching losses are substantially reduced.
The output voltage is almost sinusoidal rather than
staircase waveform. Therefore the distortion in output
voltage is less and also it is observed from the FFT analysis
that results that the lower order harmonics are completely
eliminated, therefore the output voltage is sinusoidal.
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Figure 2. Simulation Circuit — Cascaded 11- Level
Inverter.
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Figure 3. Switching Pulses for the Switches S1-S13.

The lowest THD in the references was found to be
5.76% in'', where as in the proposed configuration the
THD is 4.6%.
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switches and switching was proposed, simulated and
analyzed. The results show that almost sinusoidal voltage
is obtained with less distortion. Further the work can
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