ISSN: 2277-3754

ISO 9001:2008 Certified
International Journal of Engineering and Innovative Technology (1JEIT)
Volume 5, Issue 5, December 2015

Performance Analysis of Twenty Seven Level
POD Modulation based Cascaded H-Bridge
Multi Level Inverter Topology

B.Anusha', Dr K.Satyanarayana®, Ch. V. V. Manga Lakshmi *

M. Tech Student, Pragati Engineering College, Surampalem
Professor & HOD-EEE of Pragati Engineering College, Surampalem.

Assist Professor of EEE, Pragati Engg College, Surampalem.

Abstract— Multi level inverters are suitable of high power
handling capacity, associated with lower output harmonics and
lower commutation losses. But the main disadvantages of multi
level inverters are complexity, requiring a more number of power
devices and passive components and complex control circuitry.
Hence a Twenty Seven Level Cascaded H-Bridge multi level
inverter (CHBMLI) topology is proposed which requires only
twelve switches and those switches are controlled by using of New
PWM technique i.e., POD (Phase Opposition and Disposition)
modulation method whereas 52 switches are required in the
conventional cascaded H- bridge multi level inverter (CHBMLI)
for twenty seven Level by using of repeating sequence method.
The proposed POD based cascaded H- bridge multi level inverter
topology offers strong advantages such as improved output
waveforms, lower THD and lower electromagnetic interference.
Here the performance of an asymmetrical configuration of
Twenty Seven-level inverter (TSLI) based Cascaded H-Bridge
Multi Level topology with R & RL loads is analyzed and compared
with conventional CHBMLI with repeating sequence as switching
technique. The performance factors are analyzed with the usage
of minimum number of switches so that switching losses can be
reduced effectively with proposed cascaded H-bridge multi level
approach.

Index Terms— CHBMLI, TSLI, Repeating Sequence, Phase
opposition disposition (POD), THD.

I. INTRODUCTION

Since past decade, multilevel inverters have drawn
increasing attention because of their promising applications in
power systems and industrial drives. They can be efficiently
used in the distributed energy systems in which, output ac
voltage is obtained by connecting dc sources such as batteries,
fuel cells, solar cells, rectified wind turbines etc at input side
of the inverters mentioned in [1-2]. The ac output voltage
obtained from the inverters can be fed to a load directly or
interconnect to the ac grid without voltage balancing
problems.

The multilevel inverters offer several advantages as
compared to the hard-switched two-level pulse width
modulation inverters, such as their capabilities to operate at
high voltage with lower dv/dt per switching, high efficiency,
low electromagnetic interference etc. High magnitude
sinusoidal voltage with extremely low distortion at
fundamental frequency can be produced at output with the

help of multilevel inverters by connecting sufficient number
of dc levels at input side. There are mainly three types of
multilevel inverters; these are a) diode- clamped, b) flying
capacitor and c) cascade multilevel inverter (CHBMLI).
Among these three, CHBMLI has a modular structure and
requires least number of components as compared to other
two topologies, and as a result, it is widely used for many
applications in electrical engineering mentioned in [3-5].

To produce multilevel output ac voltage using different
levels of dc inputs, the semiconductor devices must be
switched ON and OFF in such a way that the fundamental
voltage is obtained as desired along with the elimination of
certain number of higher order harmonics in order to have
least harmonic distortion in the ac output voltage. For
switching the semiconductor devices, proper selection of
switching angles is must. The switching angles at fundamental
frequency, in general, are obtained from the solution of non
linear transcendental equations characterizing  harmonics
contents in the output ac voltage; these equations are
known as selective harmonic elimination (SHE) equations
mentioned in [6-10].

A single-phase multi string five-level inverter integrated
with an auxiliary circuit was recently proposed for dc/ac
power conversion described in [11-12]. This topology used in
the power stage offers an important improvement in terms of
lower component count and reduced output harmonics.
Unfortunately, high switching losses in the additional
auxiliary circuit caused the efficiency of the multi string
five-level inverter to be approximately 4% less than that of the
conventional multi string three-level inverter in [13]. A novel
isolated single-phase inverter with generalized zero vectors
(GZV) modulation scheme was first presented to simplify the
configuration. However, this circuit can still only operate in a
limited voltage range for practical applications and suffer
degradation in the overall efficiency as the duty cycle of the
dc-side switch of the front-end conventional boost converter
approaches unity in [13-14]. Furthermore, the use of
isolated transformer with multi windings of the GZV based
inverter results in the larger size, weight, and additional
expense.

The newly constructed inverter topology offer strong
advantages such as improved output waveforms, smaller filter
size, and lower EMI and total harmonics distortion (THD).
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An asymmetrical configuration of eleven-level inverter (ELI)
based Multi String Multi Level topology fed Three Phase
Induction Motor Drive performance is analyzed and
compared with conventional cascaded H- bridge multi level
inverter and the performance factors are obtained at both
transient and steady state operating conditions with usage of
minimum number of switches so that switching losses can be
reduced effectively with multi string multi level approach.
Performance Analysis of Eleven Level Asymmetrical Multi
String Multi Level Inverter fed Three Phase Induction Motor
Drive [15].

Il. BASIC MULTI LEVEL INVERTER TOPOLOGIES
1. Basic Five level Cascaded H-Bridge Multi level
inverter(CHBMLI)

The Basic circuit of five level Cascaded H-bridge multi
level inverter (CHBMLI) with eight switches as shown in
Fig.1 and corresponding output voltage waveforms are shown
in Fig.2. In this approach, all the eight switches are operated
with a switching frequency of 50 Hz and the input voltage of
Vdc=100V. The symmetrical multilevel approach of the
Cascaded H-bridge inverter is operated with equal voltage
values at the input side of the inverter. In a symmetrical
Cascaded H-bridge multi level inverter, the Seven, Nine,
Eleven and Thirteen levels are generated by using
12,16,20,24 switches respectively with repeating sequence as
gating signal. The corresponding Switching states and
terminal output voltages of five-level Cascaded H-bridge
Multi level inverter is shown in Table .1

0.01 0.02 0.03 0.04

Fig.2: Output voltages of five level CHBMLI

Table.1: Switching states and terminal voltage of five-level

CHBMLI

Swiches in cascaded H-bridge Five level Multi level
Vo Inverter

S1 |S2 |S3 |[S4 | S5 |S6 |S7 |S8
+2Vs | 1 1 0 0 1 1 0 0
+Vs 1 1 0 0 1 0 1 0
+Vs 1 0 1 0 1 1 0 0
0 1 0 1 0 1 0 1 0
-Vs 0 0 1 1 1 0 1 0

-Vs 1 0 1 0
2Vs | 0 0 1

2. Twenty Seven Level Cascaded H-Bridge Multi level
inverter (CHBMLI)

The Twenty seven Level Cascaded Multi level inverter
circuit is shown in Fig.3 in a symmetrical approach with an
input voltage of 25 V and corresponding output voltage
waveforms are shown in Fig.4. It requires 52 switches to get
Twenty seven level of output voltage. The Table.2 shows the
operation of switches at different levels of voltages.

Fig.3: Twenty Seven level CHBMLI
400 T
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Fig.4. Output voltage of Twenty Seven level conventional
CHBMLI
Table 2: Switching states and terminal voltages of twenty
seven level CHBMLI with repeating sequence at positive
side of segments

Vo O | +| +| +| +| +]| +| +| +| +| +]| +| +| +
vi2(3|4|5(6|7[8]91|1|1]|1
sfviv|v|v|v|iv| v|v|0|1l]|2]|3

s|s|s|s|s|s|s|s|v|]Vv|v]|vVv
s|s|s]|s

S1 1 |11y 1(1j1y1j1)1j1|1}j1|1)1

S2 1 ]/0/0/0/0|0|0j0O|J0O|0O|O]|0O]|]0O]O

S3 0 |[0j0OjO|jO|OjO|jOfjO|jO|lO|O|O]|O

S4 O [1j2f(2j2|1j2)1f2)1f1|1|1]|1

S5 1 |11y 11j1)1j1)1j1)1}j1]|1)1

S6 1 |1/0/0/0|{0|0|0|J0|0O|JO]0O]O]O

S7 0 |0jOjO|jO|OjO|jOfjO|jO|lO|O|O]|O

S8 O [Ooj2f2j2|1j2)j1f2j1f1j1|1]|1

S9 1 |11y 11j1y1j1)1j1)1}j1]|1)1

S10 |1 |1/ 1{0|0|0|0O|O|O|O|O|O|O]|O

S11 |0 |0/ 0O|0O|0O|O|O|O|O|O|O|O|O]|O

S12 |0 |OojOj2|1f2j2f2|j2f1|21|1]|1|1

S13 |1 |1j1j1|1f2j1f1j1f1j1|1|1|1

S14 |1 |1|/1{1|0|0|0|0O|0O|0O|O|O|O|O

S15 |0 |0|/0O|O|0O|O|O|O|O|O|O|O|O]|O

S16 |0 |OjOjO|1|2j2f2|2f1|21|1]|1|1

S17 |1 (1| 1j1|1f2j1f1j1f1|1|1|1|1

S18 |1 |1/1|1|1|0|0|0|0O|0O|0O|O|O|O

S19 |0 |0|0O|O|0O|O|O|O|O|O|O|O|O]|O

S20 |0 |OjOjO|jOf2j2f2|j2f1|j2|1]|1|1

S21 |1 |1j1j1|1f2j1f1j1f1j1|1|1|1

S22 |1 |1]1j1|1|1|0|0|0|0O|0O|0O]|O]|O
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S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
S37
S38
S39
S40
S41
S42
S43
S44
S45
S46
S47
S48
S49
S50
S51
S52

0/0]0 0

o|lo|lr|r|lo|o|lr|r|lolo|lr|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lolr|r|lo|lo
o|lo|r|r|o|o|r|r|olo|r|r|o|lo|r|r|o|lo|r|r|o|lo|r|rk|o|lolr|r|o|lo
o|lo|r|r|lo|o|r|r|olo|kr|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lolr|r|lo|lo
o|lo|r|r|lo|o|r|r|olo|r|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lolr|r|lo|lo
o|lo|lr|r|lo|o|lr|r|olo|lr|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lolr|r|lo|lo
o|lo|r|r|lo|o|r|r|lolo|r|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lor|r|lo|lo
o|lo|r|r|lo|o|lr|r|olo|r|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lolr|k|+|o
olo|lr|r|loo|lr|r|lolo|lr|r|o|lo|r|r|o|lo|r|r|o|lo|r|k|r|lolo|r|~|o
o|lo|lr|r|lo|o|lr|r|lojlo|r|r|o|lo|r|r|o|lo|kr|k|k|lolo|lk|r|lolo|k|~|o
O|IO(FR|IFR|IOCIO|IFR(FRICIO|IFR(FR|IO|IO|FR|IFR(FPR|IOCIO|IFR(FR|IO|IO|FR|FR|O|O|(F |-

O|IO(FR|IFR|IOCIO|IFRIFRICIO|IFR(FP|IFP|IOC|IO|IFR(FR|IOC|IO|IFR(FR|IO|IO|FR|IFR|IO|O|(F |-

O|IOFR|IFRPIOCIO|IFRIFPIFPIOC|IOIFR|IFP|IOC|IO|IFR(FPIOCIO|IFR(FRPIO|IO|FRP|IFR|IO|IO(F |-

olo|r|r|r|o|lo|r|r|lo|lolr|r|lo|olr|r|lo|lo|lk|r|lolo|k|r|lolo|k|~|o
R|o|lo|k|r|lo|lo|k|k|olo|lr|k|ololk|r|lo|lo|k|r|lo|lo|k|k|o|lo|r|-

Table 3: Switching states and terminal voltages of twenty seven
level CHBMLI with repeating sequence at negative side of
segments

Vo |0

< o
n <
»nw < o !
< O

5
\
s

w
0N
0 W
[ZIE < S

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23

R|R|Ooo|r|kR oo |k|o|O|rR|kFR|o|O|rR|krR|o|O|rR|rRo|jv < O !
== == L == T = = L T = = G G (=l R N
RO |o|o|kr|r|o|or|r|o|or|kr|o|o|rR|kRr|ojv < N - !
R|R|Ooo|rR|k oo |k|lo|O|rR|kR|o|O|R|kFR|o|O|rR|Ro|jv < Wk !

ok |r|lolo|r|r|loo|r|k|lo|lolkr|r|lolo|r|r|loo|r|k
ol |r|lolo|r|r|lo|lo|r|r|lo|lo|r|r|lolo|r|r|o|r|r o
ol |r|lolo|r|r|loo|r|r|lo|lolr|r|olk|r|lojlo|kr |+ o
ol |r|lolo|r|r ook ik |o|r|k| ook |r|lolo|kr |+ o
ok |r|lolo|r|r|lo|r|r|loo|r|k|lo|lolr|r|lolo|r|—|o
ol |r|olk|r|lolo|kr|r|loo|r|k|o|olkr|r|lolo|kr|r| o
Rk |o|olk|k|lolo|kr|rkr|loo|r|k ook |k|lojlo|kr|rk| o
Rk |o|lolk|r|lolokr|r|loo|r|k|lo|lolk|r|lolo|r|—|o
Rk |o|lolk|r|lolokr|k|loo|r|k|lo|lolk|k|loo|r|—|o
Rk |o|lolk|r|lolokr|r|loo|r|k| ook |kr|lojlo|kr|k|o

S24 10 |0j0j0O|0]0O|]0O]0O]O]O]O]O]O]O
S25 |1 |1]1j1]1]1]1]0]0]0]0]O]O]O
S26 |1 |1j1j1|1]1j1]1]1]1]1]1]1]1
S27 |10 |0j0jOjOjOjOj1]1]1]1]1]1]1
S28 |0 |0j0j0O|0|]0Oj0O]0O]O]O]O]O]O]O
S29 |1 |1]1j1]1]1]1]1]0]0]0]0O]O]O
S30 |1 J1j1j1j1j1j1)1j1)]1]1]1]1]1
S31 |0 |0j0jOjOjJOjOjOj1]1]1]1]1]1
S32 |0 |0j0j0Oj0O|0Oj]0O]0O]O]O]O]O]O]O
S33 |1 |1j1j1]1]1]1]1]1]0]0]0]0]O
S34 |1 J1j1j1j1)1j1)1]1)]1]1]1]1]1
S35 |0 |0j0jOjOj]OjOjOjOj1]1]1]1]1
S36 |0 |0j0j0j0|]0Oj0O]0O]O]O]O]O]O]O
S37 |1 J1j1j1]1]1]1]1]1]1]0]0]0]0O
S38 |1 |1j1j1|1]1j1]1]1]1]1]1]1]1
S39 |0 |0j0OjOjO]OjOjOJOJO]1]1]1]1
S40 |0 |0j0OjO]|0O|]Oj0O]0O]O]O]O]O]O]O
S41 |1 J1j1j1]1]1]1]1]1]1]1]0]0]0O
S42 |1 J1j1j1j1]1j1)1j1]1]1]1]1]1
S43 |0 |0j0jO|0O]OjO]O]O]O]O]J1]1]1
S44 |10 |0j0j0O]0O|]0O]0O]0O]O]O]O]O]O]O
S45 |1 J1j1j1]1]1]1]1]1]1]1]1]0]0
S46 |1 J1j1j1|1]1j1]1]1]1]1]1]1]1
S47 |10 |0j0j0O|0O|]0Oj0O]O]O]O]O]O]1]1
S48 |0 |0j0j0O|0O|]0Oj0O]0O]O]O]O]O]O]O
S49 |1 J1j1j1j1]1j1)1]1]1]1]1]1]0
S50 |1 J1j1j1j1j1j1)1j1]1]1]1]1]1
S51 |0 |0j0Oj0Oj0O|]0Oj0O]O]O]O]O]O]O]1
S52 |0 |0j0OjoO]jO]JOjOjO]|O]O]j]O]O]O]O

The above Table 2 and Table 3 show the switching
combinations that generate the required Twenty Seven level
output signals. The corresponding mode of operations of the
cascaded H bridge multilevel inverter stages are described as
follows.

a)Zero  Output voltage (0Vs): Active  switches
S1,52,55,56,59,510,S13,514,517,518,521,522,S25,526,S
29,530,5S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 0Vs.

b)Positive output voltage (+Vs): Active switches
S1,54,55,56,59,510,513,514,517,518,521,522,525,526,S
29,530,5S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is Vs.

c)Positive output voltage (+2Vs): Active switches
S1,54,55,58,59,510,S13,514,517,518,521,522,525,526,S
29,530,5S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 2Vs.

d)Positive output voltage (+3Vs): Active switches
S1,54,S5,58,59,512,513,514,517,518,521,522,525,526,S
29,530,S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 3Vs.

e)Positive output voltage (+4Vs): Active switches
S1,54,S5,58,59,512,S13,516,S17,518,521,522,525,526,S
29,530,S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 4Vs.

f) Positive output voltage (+5Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,522,525,526,S
29,530,S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 5Vs.
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g)Positive output voltage (+6Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,526,S
29,530,S33,534,S37,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 6Vs.

h)Positive output voltage (+7Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,528,S
29,530,S33,534,S37,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 7Vs.

i) Positive output voltage (+8Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,528,S
29,532,5S33,534,S37,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 8Vs.

j) Positive output voltage (+9Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,528,S
29,532,5S33,536,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 9Vs.

k)Positive output voltage (+10Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,528,S
29,532,5S33,536,537,540,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is 10Vs.

I) Positive output voltage (+11Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,528,S
29,532,5S33,536,537,540,541,544,545,546,549,S50  are
kept in ON and inverter output voltage is 11Vs.

m) Positive output voltage (+12Vs): Active switches
S1,54,S5,58,59,512,513,516,517,520,521,524,525,528,S
29,532,5S33,536,537,540,541,544,545,548,549,S50  are
kept in ON and inverter output voltage is 12Vs.

n)Maximum positive output voltage (+13V5s):
switches
S1,54,S5,58,59,512,513,5S16,517,520,521,524,525,528,S
29,532,5S33,536,537,540,541,544,545,548,549,S52  are
kept in ON and inverter output voltage is 13Vs.

o)Negative output voltage (-Vs): Active switches
$2,S3,S5,56,59,510,513,514,517,518,521,522,525,526,S
29,530,S33,534,537,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is -Vs.

p)Negative output voltage (-2Vs): Active switches
$2,S3,56,57,59,510,513,514,S17,518,521,522,525,526,S
29,530,S33,534,S37,538,541,542,545,546,549,S50  are
kept in ON and inverter output voltage is -2Vs.

q)Negative output voltage (-3Vs): Active switches
$2,53,56,57,510,S11,S13,S14,517,518,521,522,525,S26,
$29,530,533,534,537,538,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -3Vs.

r) Negative output voltage (-4Vs): Active switches
S2,53,56,57,510,S11,S14,5S15,517,518,521,522,525,S26,
$29,530,533,534,537,538,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -4Vs.

s) Negative output voltage (-5Vs): Active switches
$2,53,56,57,510,S11,S14,515,518,519,521,522,525,S26,
$29,530,533,534,537,538,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -5Vs.

t) Negative output voltage (-6Vs): Active switches
S2,53,56,57,510,S11,S14,5S15,518,519,522,523,525,S26,
$29,530,533,534,537,538,541,542,545,546,549,550 are
kept in ON and inverter output voltage is -6Vs.

Active

u)Negative output voltage (-7Vs): Active switches
$2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
$29,530,533,534,537,538,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -7Vs.

v)Negative output voltage (-8Vs): Active switches
$2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
S30,S31,533,534,537,538,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -8Vs.

w) Negative output voltage (-9Vs): Active switches
S2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
S30,S31,534,S35,537,538,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -9Vs.

X)Negative output voltage (-10Vs): Active switches
S2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
S30,S31,534,S35,538,539,541,542,545,546,549,S50 are
kept in ON and inverter output voltage is -10Vs.

y)Negative output voltage (-11Vs): Active switches
S2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
S30,S31,534,535,538,539,542,543,545,546,549,S50 are
kept in ON and inverter output voltage is -11Vs.

z)Negative output voltage (-12Vs): Active switches
S2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
S30,S31,534,S35,538,539,542,543,546,547,549,S50 are
kept in ON and inverter output voltage is -12Vs.

aa) Maximum Negative output voltage (-13Vs): Active
switches
S2,53,56,57,510,S11,S14,S15,518,519,522,523,526,S27,
S30,S31,534,S35,538,539,542,543,546,547,550,S51  are
kept in ON and inverter output voltage is -13Vs.

I11. PROPOSED TWENTY SEVEN LEVEL
CASCADED H-BRIDGE MULTI LEVEL
INVERTER (CHBMLI) WITH POD METHOD

W

¥y Vi

-— -—

1-.| S ) P
.I—:‘,.,."‘,I; L

Ve Ve

Fig.5: Twenty Seven level proposed CHBMLI

Fig.6. Output voltages of Twenty Seven level proposed
CHBMLI
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Table 4: Switching states and terminal voltage of Twenty Seven
level CHBMLI with phase opposition and disposition

Vo Switches in proposed Cascaded H-Bridge Twenty
Seven level Multi level inverter
S|S

w
= W!m
o
[
= Wm
N

+13Vs
+12Vs
+11Vs
+10Vs
+9Vs
+8Vs
+7V's
+6Vs
+5Vs
+4V's
+3Vs
+2V's
+Vs

0

-Vs
-2V's
-3Vs
-4\V/s
-5Vs
-6Vs
-7Vs
-8Vs
-9Vs
-10Vs
-11Vs
-12Vs
-13Vs

R|lO|Oo|r|O|Oo|r|o|o|r|o|o|r|o|r|o|o|r|o|o|r|o|o|r|o|lorr|d !,
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o|o(r|o|o|r|o|o|r|o|o|r|o|lo|o|r|o|o|r|o|o|r|o|o|r|o|o|d W’
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The above Table 4 shows the switching combinations that
generate the required Twenty Seven level output signals. The
corresponding mode of operations of the cascaded H bridge
multilevel inverter stages are described as follows.

a) Maximum output voltage (+13Vs & -13Vs): Active
switches S1,52,55,56,S9 and S10 kept in ON and inverter
output voltage is 13Vs.

b)output voltage (+12Vs and -12Vs): Active switches
S1,S3,S5,56,S9 and S10 are kept ON and inverter output
voltage is 12Vs.

c)output voltage (+11Vs and -11Vs): Active switches
S3,54,S5,56,S9 and S10 are kept ON and inverter output
voltage is 11 Vs.

d)output voltage (+10Vs and -10Vs ): Active switches
S1,52,S5,57,S9 and S10 are kept ON and inverter output
voltage is 10Vs.

e)output voltage (+9Vs and -9Vs): Active switches
S1,S3,S5,57,S9 and S10 are kept ON and inverter output
voltage is 9Vs.

f) output voltage (+8Vs and -8Vs): Active switches
S3,54,S5,57,S9 and S10 are kept ON and inverter output
voltage is 8.

g)output voltage (+7Vs and -7Vs): Active switches
$1,52,57,58,S9 and S10 are kept ON and inverter output
voltage is 7Vs.

h)output voltage (+6Vs and
S1,S3,56,57,58,S9 and S10
output voltage is 6Vs

i) output voltage (+5Vs and -5Vs): Active switches
S3,54,57,58,S9 and S10 are kept ON and inverter output
voltage is 5Vs.

j) output voltage (+4Vs and -4Vs): Active switches
S1,S2,S5,56,S9 and S11 are kept ON and inverter output
voltage is 4Vs.

K)output voltage (+3Vs and -3Vs): Active switches
S1,S3,S5,56,S9 and S11 are kept ON and inverter output
voltage is -5Vs.

I) output voltage (+2Vs and -2Vs): Active switches
S3,54,55,56,S9 and S11 are kept ON and inverter output
voltage is -5Vs.

m) output voltage (+Vs and -Vs). Active switches
$1,52,55,57,S9 and S11 are kept ON and inverter output
voltage is Vs.

n)Zero output voltage: Active switches S1,S3,55,57,S9 and
S11 are kept ON and inverter output voltage is Zero.

-6Vs): Active switches
are kept ON and inverter

IV. SIMULATION RESULTS AND DISCUSSIONS

To validate the proposed topologies, numerical simulation
studies have been carried out by using Matlab-Simulink. For
the simulation studies the dc link voltage is taken as 350V.
The parameters of the R & RL Loads used in this paper are R,
=51ohm, L,,=0.2mH. The simulation results of existing and
proposed topologies are shown from Fig.7 — Fig.11.

Fig.7. Repeating Sequence based Single Phase Twenty Seven
level conventional CHBMLI With R & RL -Loads
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Fig.8. Phase opposition and disposition (POD) based Single

Phase Twenty Seven level proposed CHBMLI With R & RL
-Loads
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Fig. 9: Output Voltage waveforms of proposed Cascaded
H-bridge with phase opposition & Disposition method With R &

RL -Load
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Fig.10: THD of Repeating Sequence based conventional Twenty
seven levels CHBMLI With R & RL -Loads
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Fig.11: THD of Phase Opposition and Disposition based
proposed Twenty seven level CHBMLI With R & RL
—Loads

V. CONCLUSION

In this paper, the proposed POD based cascaded H- bridge
multi level inverter topology offers strong advantages such as
improved output waveforms, lower THD and lower
electromagnetic interference. Here the performance of an
asymmetrical configuration of Twenty Seven-level inverter
(TSLI) based Cascaded H-Bridge Multi Level topology with
R & RL loads is analyzed and compared with conventional
CHBMLI with repeating sequence as switching technigue.
The performance factors are analyzed with the usage of
minimum number of switches so that switching losses can be
reduced effectively with proposed cascaded H-bridge multi
level approach. From the THD patterns, it is observed that the
magnitude of the THD is drastically reduced in POD
modulation based CHBMLI when compared to conventional
repeating sequence based CHBMLI.
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