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Abstract: 

There are many limitations in developing power from nonconventional energy resources. To minimize the power demand and 

scarcity we have to improve the power extracting methods. Multilevel inverter is used to extract power from different renewable 

energy resources i.e. solar cell, Photo Voltaic cell, Wind power. It synthesizes the desired ac output waveform from several dc 

sources. The main focus of this paper is to improve the efficiency of the mult ilevel inverter and to improve the quality of output 

voltage waveform with reduce number of switches . Seven level reduced switches topology has been implemented with only seven 

switches. Selective Harmonics Elimination and Fundamental Switching scheme were implemented to reduce the Total Harmonics 

Distortion (THD) value. Select ive Harmonics Elimination Stepped Waveform (SHESW) method is implemented to eliminate the 

lower order harmonics. PWM technique is used to control the power electronics switches in the inverter. The proposed topology 

is suitable for any number of levels. SPWM technique is used to eliminate the harmonics from the output of the multilevel 

inverter. 
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I. INTRODUCTION 

 

A multilevel inverter is a power electronic device which  

converts the lower level dc voltages into desired alternating 

voltage. Mostly a two-level inverter is used in order to 

generate the AC voltage from DC voltage. Multilevel 

converters are main ly utilized to synthesise a desired single- or 

three-phase voltage waveform. The desired mult i-staircase 

output voltage is obtained by combining several dc voltage 

sources such as Solar cells, fue l cells, batteries and ultra-

capacitors are the most common independent sources used. 

The use of power electronic converters at high power levels 

usually demand a reduction in switching frequency in order to 

ensure that losses caused by the imperfect nature of practical 

switching devices does not significantly reduce the converter 

efficiency. Today, there are many applications for multilevel 

inverters, such as flexib le ac transmission system (FACTS) 

equipment, high voltage direct current lines, and electrical 

drives. There are three conventional structures for multilevel 

inverters: diode-clamped, fly ing capacitor, and cascaded 

multilevel inverter with separate dc sources. 

  

II. H-BRIDGE MULTILEVEL INVERTER  

 

The usual two or three levels inverter does not significantly  

eliminate the unnecessary harmonics in the output waveform. 

Therefore, we are using multilevel inverter instead of 

traditional Pu lse width modulation inverters. In this technique, 

the number of phase voltage levels at the converter terminals is 

2N+1, where N is the dc link voltages or number of cells. In  

this arrangement, every cell has a separate dc link capacitor 

and the voltage through the capacitor may vary among the 

cells. So, every power circu it needs only a single dc voltage 

source. The quantity of dc link capacitors depends on the 

number of phase voltage levels .Every cell of H-Bridge can 

have positive, negative or zero voltage. Voltage at the output is 

the sum of all voltages of H-bridge cell and with respect to 

neutral point it is symmetric, so the voltage levels are odd in 

number. Cascaded H-bridge multilevel inverters usually have 

IGBT switches. Such switches have low block voltage and 

high switching frequency. 

 

 
Figure.1. Cascaded H-bridge 7-level Inverter  

 

Every single DC source is linked with a single H-bridge 

converter & AC terminal voltages of various level converters 

are joined in series and generate three different voltage 

outputs,+Vdc, -Vdc and zero. 
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Figure.2. Output Waveform of Cascaded H-bridge 7-level  

Inverter 

 

The output of AC voltage waveform is the summat ion of all  

converter outputs. Cascaded multilevel inverter has a peculiar 

and fascinating topology such as structure simplicity, usage of 

less components etc. Its main benefit is that it can produce 

output voltages with very low distortion and very low voltage 

stresses (dv/dt).  It can work with a lower switching frequency. 

Cascaded Multilevel Inverter has many H-bridge Inverter 

units. Every bridge will be fed from a d ifferent DC source 

which can be taken from batteries, fuel cells, or solar cells. The 

work of this mult ilevel inverter is  to obtain a desired voltage 

from various Dc Sources (SDCSs).The ac terminal voltages of 

multi-level inverters are connected in series. This inverter does 

not require voltage-balancing capacitors or voltage-clamping 

diodes unlike in the flying-capacitors inverter or diode-clamp;  

hence this inverter has more benefits. Each level of inverter 

can produce voltage outputs in three levels +Vdc, 0, and –Vdc 

by connecting the dc source to the ac output by four different 

combinations of switches, S1, S2, S3, and S4. In order to 

obtain +Vdc, switches S1 and S4 are turned ON whereas for 

obtaining –Vdc, we can turn ON switches S2 and S3. If we turn 

ON, S1 and S2 or S3 and S4, the output voltage is 0. The ac 

output of each of every full-b ridge inverter levelis  connected in 

series so that the voltage waveform generated will be the 

summation of all the inverter output voltages.  

 

III.PROPOS EDTOPOLOGY  

 

In order to remove the drawbacks, we propose a new model: 

 There are many power electronics converters in the 

system so the power loss in the components would be very 

high due to which the cost and size of the harmonics filter 

increases. 

 If the voltage level is high, there is high stress on 

power electronic device. 

 There would be low efficiency due to the power 

losses in various converters.  

 

To remove the above problems, a modular power electronics 

technology named multilevel inverter, which is very good for 

the integrating renewable energy sources. The main objective 

is to improve the quality of output voltage of the multilevel 

inverter with reduced number of switches. One major issue in 

multilevel inverter design is that it produces  nearly sinusoidal 

output voltage waveform and to remove lower order 

harmonics. An important issue in the fundamental switching 

topology is to determine the switching angles so as  to produce 

the voltage with fundamental frequency.    

 
Figure.3. Proposed Cascaded H-bridge 7-level Inverter  

 

There are mainly three operation modes for the proposed 

7-level multilevel inverter. These modes are: 

Powering Mode: It happens when the load current as well as 

the voltage has the same polarity. In the positive half cycle, 

when Vdc is the output voltage, the current pass consists of the 

lower supply, Q1, D6, Q4, load and back to the lower supply. 

When the output of voltage is 2Vdc, current pass consists of 

the Q4, Q1, Q5, lower source, load, Q4, the upper source, and 

back to the lower source. When the voltage at output is 3Vdc, 

the current pass consists of Q1, upper supply, load, Q7, lower 

supply, Q4,in the negative half cycle, Q4 and Q1 are replaced  

by Q3 and Q2 respectively. Free-Wheeling Mode: It exists 

when among the main switches, one switch is turned-off 

whereas the load current should continue to pass due to load 

inductance. This is accomplished by using anti-parallel diodes 

in the switches, and the load circuit is discontinued from the 

source terminals. In this mode, the positive half cycle current 

pass consists of load, Q1 and D2 or load, Q4 and D3, while in  

the negative half cycle, the current pass includes load, Q3 and 

D4 or load, Q2 and D1.  Regenerating Mode: In this, few part  

of the energy which is stored in the load inductance is given 

back to the source. This occurs during the time when the load 

current is negative during the positive half cycle and vice 

versa, where the value of output voltage is zero. The positive 

current pass consists of D2, load, the lower source, Q6 and D3, 

while the negative current pass consists of D1, load, the lower 

source, Q6 and D4. 

 

 

Figure.4. Output Waveform of Proposed Cascaded H-

bridge 7 -level inverter  

 

From the Fig 4, pattern of switching for the different switches 

is exp lained. Here fundamental switching scheme of frequency 

is used which reduces the losses in switching. As the switching 
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frequency is small in this method as compared to the other 

methods, losses in switching are directly proportional to the 

frequency of switching.  

 

IV.ELIMINATION OF S ELECTIVEHARMONICS 

 

The Selective Harmonic Elimination Stepped-Waveform 

(SHESW) method is highly useful for the multilevel inverter 

circuit. Using this method along with the mult ilevel topology, 

the low Total Harmonic Distortion THD output waveform 

without any filter circuit is attainable. 

 A. Fourier Series and Harmonics Elimination Theory After we 

apply Fourier series method to the output of voltage waveform 

of multilevel inverters, which is symmetric in odd quarter-

wave, we will find the Fourier expression of multilevel voltage 

as (1). If the values of DC voltages are equal in the multilevel 

inverter, the fundamental frequency switching control method 

can be expressed using equations shown below: 

 

        (1)  

 

From the above equation, we can see that there are no even 

harmonics in output voltage as the waveform of output voltage 

is symmetric in odd quarter-wave. We can also see from (2) 

that the odd harmonics peak values are shown in the form of 

the angles of switching i.e . θ1,θ2 … and θs. Moreover, the 

equations of harmonics that we get from (2) are transcendental 

equations. On the basis of the theory of harmonic elimination, 

if we want to remove the nth harmonic, then 

 

                  (2)  

 

It means we need to choose a series of angles of switching to 

let the value of the nth harmonic to be zero. So, equations with 

singles of switching need to be used in order to control the 

different s harmonic values. Usually, an equation with s angles 

of switching is employed in order to calcu late the value of 

fundamental frequency, and to remove low order harmonics of 

s-1. 

With three switching angles, (2) transforms as shown 

 

    (3)    

                       

B. Solv ing Transcendental Equations  

We have derived the harmonic equations for removing the 3rd  

and 5th order harmonics. The resultant harmonic equations are:  

 

 (4) 

 

                            
                                                                                  

 

                          

                                                                                 

 

Expression (4) can be written as  

                       

                                                                                               

Where, 

 

    (8) 

The equations of harmonics (4)-(6) are the transcendental 

equations. They are however hard to solve without employing 

some numerical iterative method. Here we have used Newton 

Raphson method.  

 

C.    So lving the Harmonic Equations using Newton Raphson 

Method In order to solve the equations of harmonics by the 

theory of resultant, they have to be converted into polynomials. 

Firstly, we change the variables,  

  
                                                                                                                                         

 

  
                                                                                                                                             
And  

 

  
                                                                                                                                            
Using the following trigonometric identities:  

 

(12)       

 

 (13) 

 

Thereafter, we make them applicab le to the transcendental 

harmonic equations shown above, and the following 

polynomial equations of harmonics can be determined.  

For the harmonics of fundamental frequency:  

 

                            (14) 

 

For 3
rd

 harmonic:  

 

(15) 

 

For 5th harmonic:  

 

(16) 

 

Newton Raphson method can be used to solve these 

polynomial equations. Steps for solving the equations  are 

shown below. In itial guesses for variables  are substituted at 

first. After that jacobian matrix is formed with newton’s 

formula. Same steps are repeated until the solutions converge. 

Hence the obtained solutions are given below: 

 

θ1 = 8.76655°  

θ2 = 28.6886°  

θ3 = 54.9395°  

 

V. CONCLUS ION 

 

The proposed new cascaded H-bridge mult ilevel inverter fed  

induction motor using equal DC sources was validated and 

developed with the hardware. The fundamental switching 

scheme is employed using the Sinusoidal Pulse Modulation 

Technique. The firing angles are calculated and fed to the 

inverter for its operation by using the Selective harmonics 

elimination. Finally using the power quality analyser the 

harmonics are measured and shown. In the conventional H- 

bridge mult ilevel inverter for seven level output 12 switches 

are needed whereas in modified topology only 7 switches are 

required to achieve seven level output. The percentage of 

reduced number of switches is explained with the help of the 

table 1 shown below. 
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Table 1: Percentage of Reduction in S witches  
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Inverter  Type  7-level  

Number of  

Switches used 

Cascaded H-Bridge  12  

Proposed Topology  
7  

% of switch reduction  41.667  


