IJIRST —International Journal for Innovative Research in Science & Technology| Volume 3 | Issue 12 | May 2017
ISSN (online): 2349-6010

A Technological Review: On Cascaded H-bridge
Multilevel Inverters

Suraj Raiyani Ravindra Gamit
Student Student
Department of Electrical Engineering Department of Electrical Engineering

Shroff S.R. Institute of Chemical Technology, Vataria, India Shroff S.R. Institute of Chemical Technology, Vataria, India

Balvant Solanki G.Pradeepa
Student Assistant Professor
Department of Electrical Engineering Department of Electrical Engineering

Shroff S.R. Institute of Chemical Technology, Vataria, India Shroff S.R. Institute of Chemical Technology, Vataria, India

Abstract

The electric drives and its application requires advanced power electronic converter to meet the high power demands. As a result,
multilevel inverter structure has been introduced for high power and medium voltage applications. A multilevel inverter
improves the performance of the system in terms of harmonics, dv/dt stress and Electro Magnetic Compatibility (EMC). The
multilevel topologies are (1) Diode clamped (2) Flying capacitor and (3) Cascade H-bridge. According to literature review,
Cascade H-bridge multilevel inverter with separate DC source is most commonly used for medium voltage and high power
application. This configuration has several identical single phase H-bridge cells which are cascaded in series at its output side. In
this project different level of cascade H-bridge multilevel inverter are simulated by using MATLAB software and analysis of
total harmonic distortion (THD) is calculated.
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I. INTRODUCTION

Numerous industrial applications require higher power apparatus in recent years. Some medium-voltage motor drives and utility
applications require medium voltage and megawatt power level. For a medium-voltage grid, it is troublesome to connect only
one power semiconductor switch directly. Hence, a multilevel power converter structure has been introduced as an alternative in
high power and medium voltage situations.

The concept of multilevel converters has been introduced since 1975. The term multilevel began with the three level converter.
Subsequently, several multilevel converter topologies have been developed.

However, the basic concept of a multilevel converter to achieve higher power is to use a series of power semiconductor
switches with several lower voltage dc sources to perform the power conversion by synthesizing a staircase voltage waveform.
Capacitors, batteries, and renewable energy voltage sources can be used as the multiple dc voltage sources.

The commutation of the power switches aggregates these multiple dc sources to achieve high voltage at the output; however,
the rated voltage of the power semiconductor switches depends only on the rating of the dc voltage sources to which they are
connected.

There are 3 types of Multilevel Inverter topologies are
1) Diode Clamped Multilevel Inverter

2) Flying Capacitor Multilevel Inverter

3) Cascaded H-bridge Multilevel Inverter

Il. ADVANTAGES OF MULTILEVEL INVERTER

. Staircase Waveform Quality:

Multilevel converters not only can generate the output voltages with very low distortion but also can reduce the dv/dt stresses;
therefore, electromagnetic compatibility (EMC) problems can be reduced.

#. Common-mode (CM) Voltage:

Multilevel converters produce smaller CM voltage; therefore, the stress in the bearings of a motor connected to a multilevel
motor drive can be reduced.
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C. Input Current:
Multilevel converters can draw input current with low distortion.
£, Switching Frequency:

Multilevel converters can operate at both fundamental switching frequency and high switching frequency PWM. It should be
noted that lower switching frequency usually means lower switching loss and higher efficiency.

I1l. ADVANTAGES AND DISADVANTAGES OF DIFFERENT MULTILEVEL INVERTERS

. Diode Clamped Multilevel Inverter

1) Advantages

As the number of output level increases, harmonic content is reduce and filter circuit is avoided.
1) Disadvantages

As the number of output level increases, clamping diode also increases.

#. Improved Diode Clamped Multilevel Inverter

11 Advantages

Voltage sharing problem in Diode Clamped Multilevel Inverter is overcomes by this method.
1) Disadvantages

As the number of output level increases, clamping diode also increases.

L. Flying Capacitor Multilevel Inverter

1) Advantages

Large amount of storage capacitors are used.

1) Disadvantages

As number of level increases, storage capacitor also increases and these capacitors are more expensive and they are bulky.

£2. Cascaded H-Bridge Multilevel Inverter

11 Advantages

It does not need any flying capacitors or diodes for clamping.

1) Disadvantages

Number of DC source is increased as number of output level increases.

IV. DIODE CLAMPED MULTILEVEL INVERTER

The inverter utilizes diodes to provide multiple voltage levels through the different phases to the capacitor banks which are in
series as shown in Figure I. A diode transfers a limited amount of voltage, thereby reducing the stress on other electrical devices.
The maximum output voltage is half of the input DC voltage.
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Fig. 1: Diode Clamped Multilevel Inverter
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The main advantages of diode clamped inverters are Back-to- back topology is possible and used for high-voltage back-to-
back inter-connection or an adjustable speed drive, the capacitors can be pre-charged as a group, Efficiency is high for
fundamental frequency switching. While the limitation is that Real power flow is difficult for a single inverter and the number of
clamping diodes required is related to the number of levels. Table 1 shows the component count for a diode clamped converter.

Table -2
Diode Clamped Converter Component Count
Component Number
Levels m
Switches & Parallel diodes 2(m-1)
Capacitors m-1
Clamp diodes (m-1)(m-2)

V. FLYING CAPACITOR MULTILEVEL INVERTER

The main concept of this inverter is to use series connection of capacitor clamped switching cells. The capacitors transfer the
limited amount of voltage to electrical devices.

The operating principle is similar to that of the diode clamped converter and can be extended to higher numbers of output
levels and clamping diodes are not required in this type of multilevel inverters.

The major merits of this type are; huge amount of storage capacitors provide additional ride through capabilities during power
rage, Switch combination redundancy is provided for balancing different voltage levels and Control of both the real and reactive
power flow can be done.

Fig. 2: Flying Capacitor Multilevel Inverter

ount of storage capacitors is required which are expensive, the switching frequency and switching losses will be high for real
power transmission and the converter control gets very complicated. Table 1l shows the component count for a diode clamped
converter.

Table -2
Flying Capacitor Converter Component Count
Component Number
Levels m
Switches & Parallel diodes 2(m-1)
Capacitors m-1
Clamp diodes (m-1)(m-1/2)

V1. CASCADED H-BRIDGE MULTILEVEL INVERTER

A single-phase structure of an m-level cascaded inverter is illustrated in Fig. 1. Each separate dc source (SDCS)is connected to a
single-phase full-bridge or H-bridge inverter.
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inverter level can generate three different voltage outputs, +Vde, 0, and —Vdc, by connecting the dc source to the ac output by
different combinations of the four switches: S1, S2, S3, and S4.

To obtain +Vdc, switches S1 and S4 are turned on, whereas to obtain —Vdc, switches S2 and S3 are turned on. By turning on
either S1 and S2 or S3 and S4, the output voltage will be zero.
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Fig. 3: Single-Phase Structure of a Multilevel Cascaded H-Bridge Inverter.

The ac outputs of each of the different full-bridge inverter levels are connected in series such that the synthesized voltage
waveform is the sum of the inverter outputs.

The number of output phase voltage levels, m, in a cascade inverter is defined by m = 2s+1, where s is the number of separate
dc sources. An example of phase voltage waveform for a 11-level cascaded H-bridge inverter with five SDCSs and five full
bridges is shown in Fig. IV. The phase voltage van = val + va2 + va3 + va4 + vab.
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Fig. 5: Output Phase Voltage Waveform of an 11-Level Cascade Inverter with Five Separate Dc Sources
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VI1.CONCLUSION

In this paper different type of Multilevel Inverter configuration are studied for the analysis of Total Harmonic Distortion (THD).
The advantages and disadvantages of configuration are discussed and from that it is concluded that Cascaded H-Bridge
Multilevel Inverter is commonly used because of its component structure (no clamping diode and no flying capacitor).
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