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Abstract

The multilevel inverters are very popular in high power high voltage applications. However the
multilevel inverters has some demerits such as requiring higher number of components, PWM control
method is complex and capacitor voltage balancing problem. The hybrid multilevel inverter presented in
this paper has superior characteristics over conventional multilevel inverters. The hybrid multilevel inverter
employs fewer components and less carrier signals when compared to conventional multilevel inverters. It
consists of level generation and polarity generation stages which involves high frequency and low
frequency switches. The complexity and overall cost for higher output voltage levels are greatly reduced.
Implementation of single phase 7-level, 9-level and 11-level hybrid multilevel inverter has been performed
using sinusoidal pulse width modulation (SPWM) strategies i.e., phase disposition (PD), alternate phase
opposition disposition (APOD) and carrier overlapping (CO). Also the three techniques are compared in
terms of total harmonic distortion (THD) for various modulation indices and observed to be greatly
improved when compared to conventional topologies. The performance of single phase eleven level hybrid
inverter is analyzed for different loads. Simulation is performed using MATLAB/ Simulink.

Keywords: sinusoidal pulse width modulation, phase disposition, multilevel inverter, carrier overlapping,
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1. Introduction

Renewable energy sources such as photovoltaic, wind, and fuel cells can be easily
interfaced to a multilevel converter system for a high-power application. Contemporary research
has engaged novel converter topologies and unique modulation schemes. Moreover, three
different major multilevel converter structures have been reported in the literature cascaded H-
bridges converter with separate dc sources, diode clamped (neutral clamped), and flying
capacitors (capacitor clamped). Moreover, abundant modulation techniques and control
paradigms have been developed for multilevel converters. Latest trend of multilevel inverters
(MLI) is to use medium voltages in industrial drives to meet the power requirements going up to
several megawatts. MLI technologies are receiving increased attention for high power
applications in power industry. This is due to the improvement in output waveforms compared to
two level inverter [1-5]. The bipolar junction transistor (BJT), insulated gate bipolar transistor
(IGBT), metal oxide semiconductor field effect transistor (MOSFET) switches of the inverter are
turned on and off as per the sequence specified by a pulse width modulation (PWM) method to
produce ac output waveforms. The concept of power conversion in multilevel inverters(MLI) is to
synthesize a staircase voltage waveform from several lower voltage DC sources which
approaches the sinusoidal wave with reduced harmonic distortion has got several advantages
and have drawn tremendous interest in high power high voltage applications. In case of
multilevel inverters the semiconductors are wired to form series type connection so that the
operation at higher voltages is possible.

The switching losses and the switching frequency can be reduced by staggering the
switching because the switches are not truly series connected. Conventional multilevel inverters
include neutral point clamped (diode-clamped) inverter, flying capacitor (capacitor clamped)
inverter and cascaded H-bridge inverter. The major drawback of multilevel inverters is the
higher number of power semiconductor switches needed that complicates the overall

Received June 2, 2017; Revised August 7, 2017; Accepted August 21, 2017



IJEECS ISSN: 2502-4752 m 677

system [6-8]. Using lower rated switches in the multilevel inverter can reduce the cost of active
semiconductors compared to two level inverters. Associated gate drive circuits are required for
each active semiconductor which increases the complexity. A reversing voltage topology for
multilevel inverters is discussed in recent research [9]. This multilevel inverter topology requires
less number of components when compared to conventional multilevel inverters. A multilevel
inverter with reversing voltage component has many advantages as the levels increase when
compared to conventional multilevel inverters. The hybrid topology eliminates the diodes and
capacitors that are used in diode clamped inverters, capacitors used in flying capacitor inverters
and also reduces the switches and carrier signals required than in cascaded inverters, diode
clamped, and flying capacitors inverters. An approach of utilizing high-power devices with low-
switching-frequency reduces voltage distortion of output but has got current harmonics which is
a major drawback [10-13]. There are asymmetrical methods of using different values of voltage
source which requires more number of power switches and diodes with different rating. Some
topologies suffer from the capacitor balancing problems. Whereas in case of hybrid multilevel
inverter, the voltage sources used have equal values and has many advantages compared with
the methods discussed above. It uses less number of switches and carrier waves and also
operates the switching devices at line frequency which results in more efficiency.

Various carrier-based PWM techniques are reported to minimize total harmonic
distortion (THD). Advanced multilevel inverter topologies have been proposed recently such as
hybrid multilevel inverter, soft switching inverter and generalized multilevel inverter. The
multilevel inverters have been extensively used in applications like FACTS, tractions and
industrial drives [14-19]. In this paper, phase disposition (PD), alternate phase opposition
disposition (APOD) and carrier overlapping (CO) sinusoidal pulse width modulation(SPWM)
techniques are utilized to drive the inverter.

2. Hybrid Multilevel Inverter

The hybrid MLI topology is a combination of level generation as well as polarity
generation parts which is responsible for multilevel output voltage generation. Here, the level
generation part that consists of high-frequency switches produce the positive levels. And the
polarity generation part with low frequency switches is responsible to give output polarity. Hybrid
multilevel inverter mainly eliminates higher number switches that are required to produce output
levels. A single phase hybrid inverter for seven levels is shown in Figurel.
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Figure 1. Single phase seven level hybrid multilevel inverter
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It consists of three isolated sources and ten switches. High frequency switches will
generate the required output levels without polarity. Later, the output voltage polarity is decided
by the switches that has low frequency which is a full bridge converter. This concept can be
applied to any number of voltage levels just by duplicating the state that is represented in the
middle of Fig.1. Moreover, conventional seven level multilevel inverters using sinusoidal pulse
width modulation requires six carriers, but three carriers are sufficient for hybrid multilevel
inverter. The various switching modes for a seven-level hybrid inverter are shown in Table 1 for
generating the required levels. There are six switching patterns to control seven level hybrid
inverter.

Table 1. Switching States for Single Phase Seven Level Hybrid Inverter

Modes Level 0 Level 1 Level 2 Level 3
1 S2,S3,54 S2,S3,S5 S2,56,S5 S1,S5
2 S2,54,S6 S1,54

The sequences of switches (S2-S3-S4), (S2-S3-S5), (S2-S6-S5), and (S1-S5) are
shown in Figure 2 for levels from 0 to 3.
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Figure 2. Switching sequences for different level generation in seven level hybrid inverter
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From the above figure it is clear that the number of switches in the hybrid inverter that
conduct the circuit current is lower than the conventional multilevel inverters. This is helpful for
better efficiency of the converter. In the following discussion, the multicarrier based sinusoidal
pulse width modulation techniques implemented for hybrid inverter are discussed.

2.1. Phase Disposition Technique for Hybrid Inverter

A single phase seven level hybrid multilevel inverter using phase disposition sinusoidal
pulse width modulation methods needs only three carrier waveforms and a sinusoidal reference
signal as shown from Figure 3 to produce seven levels.

Figure 3. PD SPWM technique for seven level hybrid inverter

2.2. Alternate Phase Opposition Disposition Technique for Hybrid Inverter

The carrier waveform of a single phase seven level hybrid multilevel inverter using
alternate phase opposition disposition sinusoidal pulse width modulation method is shown
in Figure 4.

Figure 4. APOD SPWM technique for seven level hybrid inverter

2.3. Carrier Overlapping Technique for Hybrid Inverter
Figure 5 depicts the carrier waveform of a single phase seven level hybrid multilevel
inverter using carrier overlapping sinusoidal pulse width modulation method.
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Figure 5. CO SPWM technique for seven level hybrid inverter

3. Result and Discussion

The single-phase seven level, nine level and eleven level hybrid inverters are
performed. The simulation model of hybrid inverter for seven levels using R load is depicted in

Figure 6.
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Figure 6. Simulation model of single phase seven level inverter

The simulation model for producing gating signals in level generation stage of seven
level hybrid inverter is represented in Figure 7 using alternate phase opposition disposition

pulse width modulation method.
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Figure 7. Simulation model for gating signals of level generation part

Figure 8 presents the simulation model for producing gating signals in polarity
generation stage of seven level hybrid inverter.
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Figure 8. Simulation model for gating signals of Polarity Generation Part

The results are shown for alternate phase opposition disposition methods for
modulation index ma =0.9.
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3.1. Single Phase Seven Level Hybrid Inverter
The results obtained for single phase seven level hybrid multilevel inverter are shown
from Figure 9 to Figure 11.

Figure 9. Voltage and current waveforms of seven level inverter for R load

Figure 10. Voltage and current waveforms of seven level inverter for R load using LC filter

Figure 11. Voltage and current waveforms of seven level inverter for R-L load

3.2. Single Phase Nine Level Hybrid Inverter
Figurel2 to Figurel4 represents the results for single phase nine level hybrid multilevel
inverter.
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Figure 12. Voltage and current waveforms of nine level inverter for R load
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Figure 13. Voltage and current waveforms of nine level inverter for R load using LC filter

Figure 14. Voltage and current waveforms of nine level inverter for R-L load

3.3. Single phase eleven level hybrid inverter
The waveforms of single phase eleven level hybrid multilevel inverter are shown from
Figurel5 to Figure 17.
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Figure 17. Voltage and current waveforms of eleven level inverter for R-L load

3.4. Comparative Analysis of Single Phase Hybrid Inverters

FFT analysis is carried out for different levels of single phase hybrid multilevel inverter
at various modulation indices using phase disposition, alternate phase opposition disposition
and carrier overlapping sinusoidal pulse width modulation techniques. The Comparision of the
above mentioned techniques for R-load is summarized in Table 2 for seven level. Whereas
Table 3 and Table 4 summarizes the THD of nine level inverter and eleven level inverter for R-
load.
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Table 2. THD (%) of Single Phase Hybrid Inverter for Seven Level

m, Single phase seven level hybrid inverter
Without Filter With Filter
PD APOD CcO PD APOD CcO
0.85 12.29 12.21 14.71 1.13 1.10 6.97
0.9 11.48 11.56 13.88 1.05 1.02 6.38
0.95 11.08 11.12 12.99 1.00 0.99 6.04
1 9.84 9.70 12.08 0.92 0.86 5.83

Table 3. THD (%) for Single Phase Hybrid Inverter for Nine Level

m, Single phase nine level hybrid inverter
Without Filter With Filter
PD APOD CcO PD APOD CO
0.85 9.05 8.96 11.54 0.81 0.78 6.25
0.9 8.60 8.53 10.84 0.92 0.83 5.71
0.95 8.40 8.37 10.25 0.84 0.74 5.37
1 7.38 7.44 9.47 0.81 0.69 5.22

Table 4. THD (%) for Single Phase Hybrid Inverter for Eleven Level

ma Single phase eleven level hybrid inverter
Without Filter With Filter
PD APOD CcO PD APOD CO
0.85 7.17 7.34 9.93 0.79 0.72 5.59
0.9 6.78 7.00 9.15 0.8 0.71 5.01
0.95 6.58 6.52 8.51 0.83 0.71 4.71
1 6.09 6.02 7.79 0.77 0.66 4.65

Table 5 summarizes the comparision of phase disposition, alternate phase opposition
disposition and carrier overlapping techniques for seven level, nine level and eleven level hybrid
multilevel inverters with R-L load.

Table 5. Current THD (%) for Single Phase Hybrid Multilevel Inverter

m, Seven level inverter Nine level inverter Eleven level inverter
PD APOD CO PD APOD CO PD APOD CO
0.85 0.28 0.28 3.42 0.21 0.20 3.22 0.17 0.16 2.94
0.9 0.26 0.27 2.82 0.20 0.20 2.61 0.17 0.16 2.39
0.95 0.25 0.24 2.40 0.19 0.18 2.18 0.16 0.15 1.94
1 0.22 0.22 2.18 0.17 0.16 1.96 0.14 0.14 1.74

4. Conclusion

The phase disposition, alternate phase opposition disposition and carrier overlapping
SPWM control methods are implemented in this paper to drive the single phase hybrid multilevel
inverter for different levels at various modulation indices. The hybrid inverter requires less
number of high frequency switches when compared to any other multilevel inverters.

It is observed that the hybrid inverter has superior features compared to diode clamped
inverter, cascaded inverter and flying capacitor inverter in terms of the required switches, control
requirements, cost, reliability and efficiency. In the proposed topology, the switching operation is
separated into high and low-frequency parts. It is possible because of generating only positive
carriers for pulse width modulation control. The results obtained from simulation also illustrate
the performance and effectiveness of the hybrid inverter for both R and R-L loads. The
components required for different voltage levels for single phase hybrid inverter are lower
compared to conventional multilevel inverters. The hybrid inverter is a good potential for
FACTS, STATCOM and HVDC applications. As the hybrid inverter requires low rated dc
sources, the fuel cells, photovoltaic arrays can also be used as dc sources
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