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ABSTRACT

Performance of hybrid inverter with less number of components is presented in this paper. When compared to
diode clamped, flying capacitors, and cascaded H-bridge multilevel inverters, the hybrid inverter requires fewer
components, fewer carrier signals and gate drives. Therefore, the overall cost and complexity are greatly
reduced particularly as the output voltage level increases. Implementation of single phase seven-level, nine-
level and eleven-level hybrid inverter have been performed using sinusoidal pulse width modulation (SPWM)
techniques i.e., phase disposition (PD) and alternate phase opposition disposition (APOD). The total harmonic
distortion (THD) is evaluated for various modulation indices using MATLAB/SIMULINK.

Keywords: sinusoidal pulse width modulation; hybrid inverter; alternate phase opposition disposition; phase
disposition; total harmonic distortion;

INTRODUCTION

The general concept of multilevel inverters involves utilizing a higher number of active
semiconductor switches to perform the power conversion in small voltage steps. There are several
advantages to this approach when compared with the conventional power conversion approach. The
smaller voltage steps lead to the production of higher power quality waveforms and also reduce
voltage (dv/dt) stress on the load. Another important feature of multilevel converters is that the
semiconductors are wired in a series-type connection, which allows operation at higher voltages.

Multilevel inverters have attracted a great deal of attention in medium and high-power
applications due to their lower switching losses. The most recently used inverter topologies, which are
mainly addressed as applicable multilevel inverters, are Diode clamped or Neutral-point clamped
(NPC) inverter, Flying Capacitor inverter, and Cascaded or H-bridge inverters. Hybrid inverter has
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some advantages (particularly in higher levels) when compared with the above multilevel inverters.
This topology eliminates entirely the diodes and capacitors used in diode clamped inverters [1],
capacitors used in flying capacitor inverters [2] and reduces the number of switches and carrier signals
than in the cascaded inverters [3], diode clamped, and flying capacitors inverters. Some new
approaches have been recently suggested such as the topology utilizing low-switching-frequency high-
power devices [4-5]. Although the topology has some modification to reduce output voltage distortion,
the general disadvantage of this method is that it has significant low-order current harmonics. Another
approach which requires different voltage source values which are defined according to the target
selection [6].However, this approach also needs basic units which are connected in series, and the
basic units still require more switches than the proposed topology. Another disadvantage of this
topology is that the power switches and diodes also need to have a different rating which is a major
drawback of the topology. Voltage sources are not used efficiently in generating output voltage levels
[7-8]. For example, it can generate only five output levels with four dc sources, while conventional
multilevel inverters can generate up to nine levels with the same number of power supplies.

The proposed topology is a symmetrical topology since all the values of all voltage sources are
equal. However, there are asymmetrical topologies [9] which require different voltage sources. This
criterion needs to arrange dc power supplies according to a specific relation between the supplies.
Difference in ratings of the switches in the topology is also a major drawback of the topology. This
problem also happens in similar topologies [10-12], while some of the high-frequency switches should
approximately withstand the maximum overall voltage which makes its application limited for high-
voltage products. Some of the proposed topologies suffer from complexities of capacitor balancing
[13-15]. In [16], the capacitor values used in the topology are proportional to the load current, and as
the load current increases, a larger capacitor should be selected. In [14], the capacitor voltage will
affect the output voltage when modulation index reaches near its extreme values, i.e., zero or one.

The hybrid inverter topology has advantages when compared with the above mentioned
topologies. It has less number of switches, less number of carrier waves and has the component which
operates the switching devices at line frequency that results in more efficiency. Therefore, there is no
need for all switches to work in high frequency which leads to simpler and more reliable control of the
inverter. In this topology general modulation technique i.e., phase disposition and alternate phase
opposition disposition sinusoidal pulse width modulation is utilized to drive the inverter.

SINUSOIDAL PULSE WIDTH MODULATION TECHNIQUES

Mainly the power electronic converters are operated in the “switched mode”, which means the
switches within the converter are always in either one of the two states - turned off (no current flows),
or turned on (saturated with only a small voltage drop across the switch). To control the flow of power
in the converter, the switches alternate between these two states (i.e. on and off). This happens rapidly
enough that the inductors and capacitors at the input and output nodes of the converter average or filter
the switched signal. The switched component is attenuated and the desired DC or low frequency AC
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component is retained. This process is called pulse width modulation (PWM), since the desired
average value is controlled by modulating the width of the pulses [16].

The fundamental methods of pulse-width modulation (PWM) are divided into the traditional
voltage-source and current-regulated methods. A sample PWM method is shown in Fig.1.
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Figure 1. Sinusoidal pulse-width modulation(SPWM).
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The modulation techniques of SPWM used are phase disposition (PD) and alternate phase opposition
disposition (APOD)SPWM.

A. Phase Disposition (PD) SPWM
In this, all carrier waveforms are in phase as shown in the Fig. 2.
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Figure 2.Phase disposition for seven level hybrid inverter.

INTERNATIONAL JOURNAL OF INVENTIONS IN ENGINEERING AND SCIENCE
TECHNOLOGY




International Journal of Inventions in Engineering & Science Technology http://www.ijiest.in
(VIEST) 2017, Vol. No. 3, Jan-Dec e-1SSN: 2454-9584; p-ISSN: 2454-8111

B. Alternate Phase Opposition Disposition (APOD)SPWM
In this modulation, every carrier waveform is in out of phase with its neighbor carrier by
180°%s seen in Fig.3.

State A

Figure 3. Alternate phase opposition disposition for seven level hybrid inverter.

HYBRID INVERTER

The hybrid multilevel inverter 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[17]. Hybrid MLI
mainly eliminates higher number switches that are required to produce output levels. The structure of
single phase hybrid inverter for seven levels is shown in Fig.1 which needs only 3 isolated sources and
10 switches. The required output levels without polarity are produced by high frequency switches.
Whereas, the polarity of output voltage is decided by the switches that has low frequency. Just by
duplicating the state that is represented in the middle of Fig.4, it can be applied to any number of
voltage levels. The classical seven level MLI using SPWM requires six carriers, but three carriers are
needed for hybrid MLI.

INTERNATIONAL JOURNAL OF INVENTIONS IN ENGINEERING AND SCIENCE
TECHNOLOGY




International Journal of Inventions in Engineering & Science Technology http://www.ijiest.in

(NIEST) 2017, Vol. No. 3, Jan-Dec e-1SSN: 2454-9584; p-ISSN: 2454-8111

Full Eridzs

7
s

<

Polariry Generation

>

Lavel Ganeration
Figure 4.Seven level hybrid multilevel inverter structure.

The number of components required for single-phase hybrid inverter are lower than that of
other topologies. The hybrid inverter requires fewer components and also fewer switches compared to
others. Therefore, it should have the potential of finding widespread applications in high-voltage
power devices and apparatus that includes FACTS, HVDC, etc.

As the most important part in multilevel inverters is the power semiconductor switches which
define the reliability and control complexity, the number of required components and switches against
the required voltage levels is shown in Fig. 5 and Fig.6 for the hybrid inverter as well as conventional
topologies.
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Figure 5.Number of components for different levels in single phase inverter topologies.
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Figure 6.Number of switches for different levels in single phase inverter topologies.

RESULTS AND DISCUSSION

The following are the results which are simulated using MATLAB/Simulink for single-phase
hybrid inverter. The waveforms are shown below for different levels.
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A. Results of Seven-Level Hybrid Inverter
The waveforms obtained for seven level hybrid inverter are presented from Fig. 7 to Fig.13.
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Figure 7.0utput voltage of level generation part for seven level inverter with R load.

The positive levels which are generated by level generation part as shown above is converted
into required seven level output by using the polarity generation part by changing the polarity of
second half cycle of every full cycle which is as shown below.
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Figure 8.VVoltage and current of seven level inverter with R load.
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Figure 9.FFT analysis of voltage for seven level inverter with Rload.

Figure 10. Voltage and current of seven level inverter for Rload with LC filter.
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Figure 11.FFT Analysis of seven level inverter current for Rload with LC Filter.
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Figure 12.Voltage and current of seven level inverter with RL load.
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Figure 13. FFT analysis of seven level inverter current for RL load.

B. Results of Nine-Level Hybrid Inverter
Fig. 14to Fig.18 shows the results for nine level hybrid inverter.
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Figure 14.0utput voltage of level generation part for nine level inverter with R load.
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Figure 15.Voltage and current of nine level inverter with R load.
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Figure 17.Voltage and currents of nine level inverter using Rload with LC filter.
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Figure 18.Voltage and current of nine level inverter with RL load.

C. Results of Eleven-Level Hybrid Inverter
The waveforms obtained for eleven level hybrid inverter are presented from Fig. 19 to Fig.23.

Figure 20.Voltage and currents of eleven level inverter with R load.
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Figure 21. FFT analysis of eleven level inverter voltage with Rload.

Figure 23.Voltage and currents of eleven level inverter for RL load.
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Comparison of THD for various modulation indices using phase disposition and alternate phase
opposition disposition sinusoidal pulse width modulation techniques for different levels are tabulated
below in tables I and II.

Table 1. THD (%) for Single Phase Hybrid Inverter for R-Load
No. of PD APOD
Levels Ma

Without With Filter  Without Filter With Filter

Filter

12.29 1.13 12.21 1.10
11.48 1.05 11.56 1.02
11.08 1.00 11.12 0.99
9.84 0.92 9.70 0.86
9.05 0.81 8.96 0.78
8.60 0.92 8.53 0.83
8.40 0.84 8.37 0.74
7.38 0.81 7.44 0.69
7.17 0.79 7.34 0.72
6.78 0.8 7.00 0.71
6.58 0.83 6.52 0.71
6.09 0.77 6.02 0.66

Table I1. Current THD (%) for Single Phase Hybrid Inverter with RL-Load
7-Level 9-Level 11-Level

Ma APOD PD APOD PD APOD PD

0.85 0.28 0.28 0.20 0.21 0.16 0.17

0.9 0.27 0.26 0.20 0.20 0.16 0.17

0.24 0.25 0.18 0.19 0.15 0.16

0.22 0.22 0.16 0.17 0.14 0.14

CONCLUSION

In this paper, hybrid inverter has been implemented which has superior features over diode
clamped inverter, cascaded inverter, and flying capacitor etc., in terms of the required power switches,
control requirements, cost and reliability. The efficiency is improved and the converter size and cost of
the system are greatly reduced. The single-phase results of the hybrid inverter at various modulation
indices for seven-level, nine-level and eleven-level are presented at different loads .The results clearly
shows that, the proposed topology can effectively work with reduced number of switches and carriers
for SPWM which results in low THD.
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