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Abstract 
This paper concentrates on enhancing the productivity of the multilevel in-
verter and nature of yield voltage waveform. Seven level lessened switches to-
pology has been actualized with just seven switches. Essential Switching plan 
and Selective Harmonics Elimination were executed to diminish the Total 
Harmonics Distortion (THD) esteem. Selective Harmonics Elimination Stepped 
Waveform (SHESW) strategy is executed to dispense with the lower order 
harmonics. Fundamental switching plan is utilized to control the switches in 
the inverter. The proposed topology is reasonable for any number of levels. 
The harmonic lessening is accomplished by selecting fitting switching angles. 
It indicates would like to decrease starting expense and unpredictability con-
sequently it is able for modern applications. In this paper, third and fifth level 
harmonics have been disposed of. Simulation work is done utilizing the 
MATLAB/Simulink programming results have been displayed to accept the 
hypothesis. 
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1. Introduction 

These days, multilevel inverters have turned out to be more alluring for their uti-
lization in high-voltage and high-control applications. In multilevel inverters, 
the fancied yield voltage is accomplished by appropriate blend of numerous low 
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dc voltage sources utilized at the input side. As the quantity of dc sources is ex-
panded, the yield voltage turns out to be more like an immaculate sinusoidal 
waveform. The required dc sources can be browsed diversity of sources, for ex-
ample, batteries, photovoltaic, fuel cells, capacitors, the rectified yield voltage of 
wind turbines, and other comparable dc sources [1] [2]. 

Diode-clamped multilevel converters are utilized as a part of customary high- 
control air conditioning motor drive applications like transports, pumps, fans, 
and plants. They have additionally been accounted for to be utilized as a part of a 
consecutive setup for regenerative applications [3]. Flying capacitor multilevel 
converters have been utilized as a part of high-transfer speed high-switching 
frequency applications. At long last, cascaded H-bridge multilevel converters 
have been connected where high power and power quality are fundamental. 
Moreover, one of the developing applications for multilevel motor drives is elec-
tric and half breed power trains. 

For expanding voltage levels, the quantity of switches additionally will incre-
ment in number. Henceforth the voltage stresses and switching losses will in-
crement and the circuit will get to be perplexing [4]. 

By utilizing the proposed topology number of switches will decrease altogeth-
er and thus the proficiency will improve [5]. In high power applications, the 
harmonic substance of the yield waveforms must be lessened however much as 
could be expected keeping in mind the end goal to maintain a strategic distance 
from bending in the matrix and to achieve the most extreme vitality efficiency 
[6]. The test connected with procedures is to acquire the systematic arrange-
ments of the non-direct supernatural mathematical statements that contain tri-
gonometric terms which actually show numerous arrangements of solutions [7]. 
For the most part, the lower order harmonics are bringing on more impacts 
when contrasted with the higher order harmonics. It is enormous test for any 
specialist to dispose of the third order harmonics utilizing straightforward me-
thods, for a motor load its belongings are high. This paper proposes technique to 
dispense with lower order harmonics [8]. 

In this paper, Selective Harmonics Elimination procedure is utilized. In the 
proposed work, seven-level multilevel inverter with MOSFET is developed with 
selective harmonic elimination PWM to reduce the fifth and seventh order har-
monics. The switching angles of the MOSFET are suitably controlled to produce 
the seven levels of output. The supernatural non-linear mathematical statements 
are fathomed utilizing the numerical procedure called Newton Raphson strategy. 
Cascaded H-bridge seven level inverter is displayed and harmonic examination 
is completed.  

2. Cascaded Multilevel Inverter 

A cascaded multilevel inverter has of number of H-Bridge inverter units asso-
ciated in series and they are sustained from discrete DC sources. As the yield is 
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taken in series, the DC sources must be isolated from each other. Therefore, 
CHBMLIs is additionally been proposed to be utilized with energy components 
or photovoltaic clusters keeping in mind the end goal to accomplish higher vol-
tage levels. The subsequent AC yield voltage is the expansion of the voltages 
produced by various H-Bridge cells. Each H-Bridge has the property to create 
three voltage levels as +Vdc, 0, −Vdc by associating the DC source to the AC yield 
and by various mixes of four switches where Vdc is the input voltage of the 
H-Bridge. This proposed topology is utilized for getting seven-level cascaded 
H-Bridge multilevel inverter. 

A seven-level multilevel inverter is acquired by cascading three H-bridge in-
verter circuits with every H-bridge nourished from a different DC source. The 
quantity of yield levels m in every stage is identified with number of H-bridge 
inverter unit’s n by Equation (1). 

2 1m n= +                           (1) 

where, m—is the No. of level of inverter, n—is the No. of full bridge connected 
in series. 

Here number of levels (m) is seven thus number of full bridge inverter circuits 
associated in series is three which is known from the Equation (1). The single 
phase seven-level topology of cascaded H-bridge multilevel inverter is as ap-
peared in Figure 1.  

As each H-bridge is nourished with the same estimation of DC voltage it is 
called as symmetrical cascaded multilevel inverter. The DC voltages can be ac-
quired from batteries; capacitors or power supplies. The phase yield voltage is 
the whole of three inverter yields. The seven-level yield waveform is acquired by 
various switching combinations. The switching design for single phase sev-
en-level topology of cascaded H-bridge multilevel inverter is appeared in Table 
1.  

To get the said seven-level yield, the above switching pattern is utilized. The 
yield voltage waveform of seven-level inverter is as appeared in Figure 2 with α1, 
α2 and α3 speaking to the switching angles which are utilized for harmonic re-
duction. By phase shifting the switching time of the positive and negative phase 
legs of the inverter, a quasi square waveform is generated by each full bridge as 
shown in Figure 2. 

3. Selective Harmonic Elimination PWM 

The selective harmonic elimination PWM technique is based on the fundamen-
tal switching frequency theory and dependent on the elimination of defined har-
monic content orders. The primary thought of this technique depends on charac-
terizing the switching angles of harmonic orders to dispense with and getting the 
Fourier series expansion of the yield voltage. This permit lower switching frequen-
cies to be utilized which prompted lower switching misfortunes and higher ef-
fectiveness. When all is said in done Fourier series is given the Equation (2). 
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( ) ( )0 1 c sis non nnV t a a n t b n tω ω ω∞

=
= + +∑              (2) 

For this situation Fourier series extension of yield voltage waveform is given 
by “Equation (2)” as takes after, 

( ) ( )1 sinnnV t b n tω ω∞

=
= ∑                     (3) 

 

 
Figure 1. Single phase 7-level topology of cascaded H-bridge multi level inverter. 

 
Table 1. Switching pattern for single phase 7-sevel Cascaded H bridge multilevel inverter. 

VOLTAGE Van 
SWITCHING STATES 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

+V 1 1 0 0 0 1 0 1 0 1 0 1 

+2V 1 1 0 0 1 1 0 0 0 1 0 1 

+3V 1 1 0 0 1 1 0 0 1 1 0 0 

0 0 1 0 1 0 1 0 1 0 1 0 1 

−V 0 0 1 1 0 1 0 1 0 1 0 1 

−2V 0 0 1 1 0 0 1 1 0 1 0 1 

−3V 0 0 1 1 0 0 1 1 0 0 1 1 
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Figure 2. Yield voltage waveform of 7-level cascaded multilevel inverter. 

 
where 0 0na a= =  (due to quarter wave symmetry)  

2

0

1 sin dn dcb V n t t
π

ω ω
π

= ∫                     (4) 

From Figure 3 for quasi square wave Equation (4) is given as follows  

s n d2 in dcb V n t t
π α

απ
ω ω

−
= ∫                     (5) 

On solving Equation (5) we get  

 
4

cosdc
n

V
b n

n
α

π
=                         (6) 

For seven level cascaded multilevel inverter for three DC sources comparison 
is given  

 1

4
cossdc

n ii

V
b

n
α

π =
= ∑                       (7) 

where n = 1, 5, 7 and s = 3 which speaks to number of DC sources. The goal of 
SHEPWM is to wipe out low order harmonics. In this number of harmonics that 
can be wiped out is equivalent to s − 1 i.e., 2 so fifth and seventh harmonics are 
taken. Along these lines, to fulfill the fundamental harmonic component and to dis- 
pense with the fifth and seventh harmonics, Equation (7) is extended as three non-
linear mathematical statements with three angles as gave in Equations ((8)-(10)). 

( ) ( ) ( )1 1 1 2 3
4

cos cos cosdcV
b V α α α

π
 = = + +              (8) 

( ) ( ) ( )5 5 1 2 3
4

cos 5 cos 5 cos 5
5

dcV
b V α α α

π
 = = + +             (9) 

 ( ) ( ) ( )7 7 1 2 3
4

cos 7 cos 7 cos 7
7

dcV
b V α α α

π
 = = + +            (10) 

In the mathematical statement (8)-(10), to dispense with fifth and seventh 
harmonic V5 and V7 are set to zero so that comparisons (11)-(13) are acquired. 
To decide the switching angles the accompanying mathematical statements must 
be illuminated, 

( ) ( ) ( )1 2 3cos cos cos 3Mα α α+ + =                (11) 
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( ) ( ) ( )1 2 3cos 5 cos 5 cos 5 0α α α+ + =                (12) 

( ) ( ) ( )1 2 3cos 7 cos 7 cos 7 0α α α+ + =                (13) 

Here M speaks to modulation index changes from 0 to 1.The switching angles 
α1, α2 and α3 must be not exactly π/2. The comparisons are fathomed by Newton 
Raphson strategy and resultant hypothesis in the writing. In any case, it is te-
dious and needs starting supposition for unraveling the mathematical state-
ments. Consequently evolutionary algorithms are utilized for explaining this 
kind of non linear mathematical statements. 

4. Simulation Results 

The implementation of the Fuzzy logic Control technique is performed in the 
working platform of MATLAB The technique is implemented in a seven level H 
bridge inverter in such a way that it can eliminate the 3rd order and 5th order 
harmonics and so it can minimize the total harmonic distortion. Simulation of 
the seven level cascaded multilevel inverter when equal voltage values provided 
as the input to each of the H-bridges is done. Figure 3 shows the output voltage 
of the seven level cascaded MLI when equal voltage values are provided as input 
to each of the H-Bridges. 

From the Figure 3, it is observed that the peak value of the output voltage of 
the MLI is about 329.4 V and its RMS value is 232.92 V. Figure 4 shows the 
harmonic spectrum of the output voltage of the seven level cascaded MLI. It can 
be noted that the total harmonic distortion on the output voltage is about 
16.31%. 

The output current of the seven level cascaded MLI when equal voltage values 
are provided as input to each of the H­ Bridges is shown in the Figure 5. From 
the Figure 5, it is observed that the peak output current of the MLI is about 6.96 
A and its RMS value is 4.92 A. Figure 6 shows the harmonic spectrum of the 
output current waveform. It can be noted that the total harmonic distortion on 
the output current is about 0.33%. 

 

 
Figure 3. Seven level cascaded MLI output voltage without filter. 
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Figure 4. Harmonic Spectrum of the output voltage without filter. 

 

 
Figure 5. Seven level cascaded MLI current without filter. 

 

 
Figure 6. Harmonic Spectrum of the output current without filter. 
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In order to reduce the harmonic content on the MLI output, an LC filter is 
placed at the output stage of the inverter. The output voltage of seven level cas-
caded MLI is shown in the Figure 7. From the Figure 4.16 it is observed that the 
peak output voltage of the MLI is about 318.5 V and its RMS value is 225.21 V. 
Figure 8 shows the harmonic spectrum of the output voltage with filter. It can 
be noted that total harmonic distortion on the output voltage is reduced to 
0.77% with an LC filter connected to MLI. 

5. Conclusion 

A summed up recipe of SHEPWM suitable for high power high voltage cascaded 
multilevel converters with equivalent DC voltage sources was proposed and ex-
hibited in this paper. A complete simulation model of a cascaded multilevel in-
verter has been proposed utilizing MATLAB/Simulink programming. The pro-
posed circuit produces required seven level yield voltages having low harmonics 
with decreased number of segments when contrasted with routine techniques. 
Harmonic spectrum for seven level yield voltages is examined to demonstrate its  

 

 
Figure 7. Seven level cascaded MLI output voltage with filter. 

 

 
Figure 8. Harmonic Spectrum of the output current with filter. 
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productivity in diminishing yield harmonic segments. Simulated yield wave-
forms were appeared to demonstrate the unwavering quality and plausibility of 
the circuit. The Fast Fourier Transform (FFT) investigation is done to gauge the 
THD esteem. The FFT examination on the yield voltage waveform is appeared in 
Figure 4. From this it can be induced that the fifth and seventh harmonic is les-
sened and the THD acquired is 16.31%. 
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