
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 July 11(9): pages 341-350            Open Access Journal 

 

ToCite ThisArticle: R. Guruprasath, Krithicka, Nivetha, P. Jaya Prasana., Reduction In Total Harmonic Distortion Using 
Multilevel Inverter. Advances in Natural and Applied Sciences. 11(9); Pages: 341-350 

 

Reduction In Total Harmonic Distortion 
Using Multilevel Inverter 
 

1R. Guruprasath, 2Krithicka, 3Nivetha, 4P. Jaya Prasana 
 

1,2,3,4 Sri Krishna College of Engineering & Technology 
 
Received 12 May 2017; Accepted 5 July 2017; Available online 28 July 2017 
 

Address For Correspondence: 
R.Guruprasath, Sri Krishna College of Engineering & Technology 

 

 
Copyright © 2017 by authors and American-Eurasian Network for ScientificInformation (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 
ABSTRACT 
The main concept of a multilevel converter is to achieve higher efficiency by using a series of IGBT switches with solar panels 
taken as dc source to perform the power conversion by synthesizing a staircase voltage waveform. In this paper, 3- level and 7- 
level H-Bridge cascade inverter  and SPWM technique has been formulated for inverter that minimize the total harmonic 
distortion(THD) at the output. By Increasing the number of levels, decreases the total harmonic distortion. 
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INTRODUCTION 

 

Different types of solar PV installations require slightly different components. However in the next two 

sections we have explained in detail all the main components that will make up your solar PV array, and provide 

you with 100% renewable, free electricity. This is the key component of any solar photovoltaic system, which 

takes the sun’s energy and converts it into the electrical current. The process of converting light (photons) to 

electricity (voltage) is called the solar photovoltaic (PV) effect. Photovoltaic solar cells convert sunlight directly 

into solar power (electricity). They use thin layers of semi-conducting material that is charged differently 

between the top and bottom layers. The semi-conducting material can be encased between a sheet of glass and 

or a polymer resin. When exposed to daylight, electrons in the semi conducting material absorb the photons, 

causing them to become highly energised. These move between the top and bottom surfaces of the semi-

conducting material. This movement of electrons generates a current known as a direct current (DC). There are 

three main types of solar panel (as well as the hybrid version) currently in commercial production, all of which 

are based on silicon semiconductors. There are many types of solar cells, it is classified as follows. 

 

Monocrystalline solar cells: 

This type of solar cell is made from thin wafers of silicone cut from artificially grown crystals. These cells 

are created from single crystals grown in isolation, making them the most expensive of the three varieties 

(approximately 35% more expensive than equivalent polycrystalline cells), but they have the highest efficiency 

rating of between 15-24%. 

 

Polycrystalline solar cells: 

This type of solar cell is also made from thin wafers of silicon cut from \artificially grown crystals, but 

instead of single crystals, these cells are made from multiple interlocking silicon crystals grown together, hence 
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they are cheaper to produce, but their efficiency is lower than the monocrystalline solar cells, currently at 13-

18% 

 

Amorphous solar cells: 

These are the cheapest type of solar cell to produce, are relatively new to market and are produced very 

differently to the two other types. Instead of using crystals, silicone is deposited very thinly on a backing 

substrate. There are two real benefits of the amorphous solar cell; firstly the layer of silicon is so thin it allows 

the solar cells to be flexible and secondly they are more efficient in low light levels (like during winter). This 

however comes at a price; they have the lowest efficiency rating of all three types – approximately 7% – 9%, 

requiring approximately double the panel area to produce the same output. In addition, as this is a relatively new 

science, there is no agreed industry wide production technique, so they are not as robust as the other two types. 

 

Hybrid solar Cells: 

This is not a type of solar cell in it’s own right, instead it is a combination of both amorphous solar cells and 

monocrystalline solar cells. These are known as HIT solar cells (Heterojunction with Intrinsic Thin Layer – is a 

bit of a mouthful!!), and have higher efficiency ratings than any of the other three types of solar cell alone. In 

addition, they are also better suited in sunnier climes, where temperatures often exceed 250C, creating up to 10% 

more electricity. At TheGreenAge, we feel that for most installations polycrystalline cells are most suitable as 

they are value for money while still also being relatively efficient. 

 

Solar PV Inverters: 

All the electricity produced by the solar panels is produced as direct current (DC), which compares to the 

electricity that is distributed through the grid and we use in our homes, which is alternating current (AC). For 

this reason most solar photovoltaic systems are now connected up with some type of inverter, which changes the 

DC to AC, allowing the individual to sell the electricity back to the grid (in grid tie systems) or to be used easily 

in the homes. There are 2 major types of inverter that can be installed in your solar photovoltaic system: 

 

1. String inverters (also known as central inverters): 

These are used in grid tied systems where the solar panels are wired together in series, which is known as a 

string of panels. Each string of panels is connected to a string inverter, which converts the DC current to AC for 

use in the home and selling back to the grid. You can imagine each string as a mini power station, producing 

electricity. This main issue with string inverters is that if one of the panels in the string fails or produces less 

electricity (from things like shading), this impacts the output of all the panels. They will operate at the output of 

the worst panel, so a small amount of shading or debris on your solar array can disproportionally reduce the total 

output of your entire solar photovoltaic system. They also have relatively short lifespans when compared to 

micro inverters. 

The benefits include simple wiring and that you can use thinner wires within your solar PV system, so less 

copper is used which makes the system cheaper. Buying one string inverter (which is normally the case of most 

home solar PV systems) is also considerably cheaper than buying multiple micro inverters. 

 

2. Micro inverters: 

These are a newer technology and service each solar panel individually, so each panel requires its own 

micro inverter and acts as an individual power station.  As a result, micro Inverters do not suffer the same 

performance reduction as a result of shading because any power reduction in a particular solar panel is handled 

by one micro inverter, having little effect on the combined power output from the entire solar photovoltaic 

system. 

Micro inverters  are much more expensive than the string inverters, however much of this cost is offset by 

the increased performance (25% more power produced ) 

 

Inverters: 

As we know that inverters are finding their extensive uses now a days. Previously they were only used in 

some main applications, which would be large scale and expensive. But now a days, inverters are like a small 

compulsory electronic device, on which many of our other main electronic equipment depend. They are 

extensively used, not only because of their universal function of converting DC power to AC power, but also 

because of their high efficiency, reduced power costs and versatile applications. 

These days, they are being used extensively in applications where there is a frequent power cut off, because 

in case of power failures, inverters are a very good and efficient power remedies. For every classification, we 

form some basis first, depending upon which we can further categorize our results for easier understanding and 

a better approach. This is done in order to promote better understanding and a more extensive classification of 

different things. 
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In the same way, we primarily classify inverters on the basis of their output characteristics. So there are 

three different types of outputs we get from inverters, and hence we classify inverters into three primary classes, 

which are: 

1. The squre wave inverter 

2. The Modified sine wave inverter or quasi sine wave inverter 

3. A Pure sine wave inverter 

 

Square Wave Inverter: 

A square wave inverter is one of the simplest inverter types, which convert a straight DC signal to a phase 

shifting AC signal. But the output is not pure AC, i.e. in the form of a pure sine wave, but it is a square wave. At 

the same time they are cheaper as well. The simplest construction of a square wave inverter can be achieved by 

using an on-off switch, before a typical voltage amplifying circuitry like that of a transformer. This is shown 

below: 

 
Fig. 1: Square Wave Inverter circuit  

 

The output of this type of a circuit is a square wave. 

 

The modified Sine wave inverter: 

The construction of this type of inverter is a bit more complex than a simple square wave inverter, but still 

it is a lot simpler than a pure sine wave inverter. A Modified sine wave shows some pauses before the phase 

shifting of the wave, i.e. unlike a square it does not shift its phase abruptly from positive to negative, or unlike a 

sine wave, does not make a smooth transition from positive to negative, but takes brief pauses and then shifts its 

phase.  

The output waveform of a modified sine wave inverter is shown below: 

 

 
Fig. 2: Modified sine Wave Inverter Waveform 

 

A Pure Sine Wave Inverter: 

The electrical circuit of a pure sine wave inverter is far more complex than a square wave or modified sine 

wave inverter. Another way to obtain a sine output is to obtain a square wave output from a square wave 

inverter and then modify this output to achieve a pure sine wave. A pure sine wave inverter has several 

advantages over its previous two forms: 

 More efficiency, hence consumes less power. 
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 They can be adjusted according to your personal power requirements, since several types are available 

with different power outputs. 

 The output of a pure sine wave inverter is very reliable, but at the same time, there is a tradeoff 

between the price and reliability.  

 Due to this reason they are the best option for sensitive equipment. 

 

Multilevel Inverter: 

Now a day’s many industrial applications have begun to require high power. Some appliances in the 

industries however require medium or low power for their operation. Using a high power source for all 

industrial loads may prove beneficial to some motors requiring high power, while it may damage the other 

loads. Some medium voltage motor drives and utility applications require medium voltage. The multi level 

inverter has been introduced since 1975 as alternative in high power and medium voltage situations. The Multi 

level inverter is like an inverter and it is used for industrial applications as alternative in high power and medium 

voltage situations. 

 
Fig. 3: Multilevel Inverter 

 

General DC-AC Inverter Circuit: 

The need of multilevel converter is to give a high output power from medium voltage source. Sources like 

batteries, super capacitors, solar panel are medium voltage sources. The multi level inverter consists of several 

switches. In the multi level inverter the arrangement switches’ angles are very important. 

 

Types of Multilevel Inverter: 

Multilevel inverters are three types. 

 Diode clamped multilevel inverter 

 Flying capacitors multilevel inverter 

 Cascaded H- bridge multilevel inverter 

 

Diode Clamped Multilevel Inverter: 

The main concept of this inverter is to use diodes and provides the multiple voltage levels through the 

different phases to the capacitor banks which are in series. 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. It is the main drawback of the diode clamped multilevel inverter. This problem can be solved by 

increasing the switches, diodes, capacitors. Due to the capacitor balancing issues, these are limited to the three 

levels. This type of inverters provides the high efficiency because the fundamental frequency used for all the 

switching devices and it is a simple method of the back to back power transfer systems. 

Ex: 5- Level diode clamped multilevel inverter, 9- level diode clamped multilevel inverter. 

 The 5- level diode clamped multilevel inverter uses switches, diodes; a single capacitor is used, so 

output voltage is half of the input DC. 

 The 9- level diode clamped multilevel inverter uses switches, diodes; capacitors are two times more 

than the 5-level diode clamped inverters. So the output is more than the input. 

https://www.elprocus.com/wp-content/uploads/2013/09/Multilevel-Inverter.jpg
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Fig. 4: 5- Level Diode Clamped Multilevel Inverter 

 

Applications of Diode Clamped Multilevel Inverter: 

 Static var compensation 

 Variable speed motor drives 

 High voltage system interconnections 

 High voltage DC and AC transmission lines 

 

Flying Capacitors Multilevel Inverter: 

The main concept of this inverter is to use capacitors. It is of series connection of capacitor clamped 

switching cells. The capacitors transfer the limited amount of voltage to electrical devices. In this inverter 

switching states are like in the diode clamped inverter. Clamping diodes are not required in this type of 

multilevel inverters. The output is half of the input DC voltage. It is drawback of the flying capacitors multi 

level inverter. It also has the switching redundancy within phase to balance the flaying capacitors. It can control 

both the active and reactive power flow. But due to the high frequency switching, switching losses will takes 

place. 

EX: 5-level flying capacitors multilevel inverter, 9-level flying capacitors multilevel inverter. 

 This inverter is same like that diode clamped multi inverter 

 In this inverter only switches and capacitors are used. 

https://www.elprocus.com/wp-content/uploads/2013/09/5-Level-diode-clamped-multi-level-inverter.jpg
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Fig. 5: 5-Level Flying Capacitors Multilevel Inverter 

 

Advantages are Each branch can be analyzed separately and individually. Disadvantages are Pre charging 

of capacitors is necessary and difficult. All in all flying capacitor multilevel inverter topology is famous 

topology which has its own benefits. The number of devices used in the circuitry is quite sufficient and is also 

economically controlled. This multilevel inverter gives good power quality performance. 

Cascaded H-Bridge Multilevel Inverter: 

The cascaded H-bridge multilevel inverter is to use capacitors and switches and requires less. The 

combination of capacitors and switches pair is calledan H-bridge and gives the separate input DCvoltage for 

each H-bridge. 

 

 
Fig. 6: Cascaded H-Bridge Multilevel Inverter 

 

Multilevel cascade inverters are used to eliminate the bulky transformer required in case of conventional 

multilevel inverters. 

Applications: 

1) Motor drives 

2) Active drives 

3) Electric vechicle drives 

4) Back to Back frequency link system 

5) DC power source utilization 

6) Interfacing with renewable energy resources 

https://www.elprocus.com/wp-content/uploads/2013/09/5-Level-Flying-Capacitors-Multilevel-Inverter.jpg
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Advantages: 

1) Common mode voltage 

2) Input current 

3) Switching frequency 

 

Simulation: 

 The fig(1) shows the MATLAB/SIMULINK MODEL for 7-level  single phase cascade H-bridge 

multilevel inverter with PWM technique. The fig.(2) shows the Matlab/Simulink model of three phase 7-Level  

cascade H-bridge  multilevel inverter. 

 

1 Phase Multilevel Inverter: 

 

 
Fig. 7: 7-level single phase cascade H-bridge multilevel inverter 

 

3 Phase Multilevel Inverter: 

 

Fig. 8: Three phase cascade H-bridge multilevel inverter 
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Simulation Results: 

The fig(3) shows the output waveform of the single phase cascaded H-bridge multilevel inverter . The 

fig(4) shows the output waveform of the three phase cascaded H-bridge multilevel inverter 

 

Output Of Single Phase Inverter: 

 

 
 

Fig. 9: Single phase cascaded H-bridge multilevel inverter output waveform 

 

Out Put Of Three  Phase Inverter: 

 

 

 

Fig. 10: Three phase cascaded H-bridge multilevel inverter output waveform 

 

Simulation Results Of Total Harmonic Distortions: 

To verify the proposed scheme, MATLAB/SIMULINK software is used. Simulation results show that as 

inverter level increases from 3-level to 7-level  ,total harmonic distortion reduces to 15.09% from 31.86%.fig(5) 

shows the THD of normal 3-level multilevel inverter and fig(6)  and fig(7)shows the THD of single phase and 

three phase 7-level  cascaded H-bridge multilevel inverter. 

 

Fft Analysis Of Normal Inverter:- 

THD- 31.86: 
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Fig. 11: THD of normal 3-level multilevel inverter 

 

Fft Analysis Of 1 Phase Multilevel Inverter:- 

THD- 15.09: 

 

 

Fig. 122: Fft Analysis Of 1 Phase Multilevel Inverter 

 

Fft Analysis Of 3 Phase Multilevel Inverter: 

THD- 15.09: 

 
Fig. 13: Fft Analysis Of 3 Phase Multilevel Inverter 
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Conclusion: 

In this paper SPWM technique is proposed for three-level and seven-level single phase and three phase 

cascaded H-bridge inverter. The comparative THD analysis of a normal 3-level and single phase & three 

phase7-level cascaded H-bridge  multilevel inverter is presented in this paper.  The lower order harmonics were 

considerably reduced in the SPWM technique. By increasing the number of levels, the THD will be decreased 

but on the other hand cost and weight will be increased as well. Also since the switching angles for switches are 

not the same, the drive circuit for each switch is separate from other switches. 
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