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Abstract—Nowadays  multilevel inverter  (MLI)
technologies becomes extremely main choice inrde a
of high power medium voltage energy control. Altjiou
multilevel inverter has a number of advantagesas h
drawbacks in the layer of higher levels becausesiig
large number of semiconductor switches. This magide

to large size and price of the inverter is verythand
also increase in losses. So in order to reduce this
difficulties in the new multilevel inverter is praged to
reducing the switches. This paper presents theet&}
cascaded multilevel inverter. The proposed 15-level
cascaded multilevel inverter is for reducing theato

harmonic distortion which is shown in
MATLAB/SIMULINK. The switching pattern of
semiconductor switches is used to improve the

performance of multilevel inverter. This schemeunes

the switching loss and also increases the effigiedo
authorize the developed technique simulations are
carried out through MATLAB/SIMULINK.

Keywords— Cascaded Multilevel I nverter, Harmonic
Distortion, MATLAB, semiconductor switches, THD

l. INTRODUCTION
Multilevel inverters are becoming recent trends;ause
of its modularity and simplicity of control to geage
particular number of levels. Multilevel inverterave a
number of applications such as ups, in power g,
solar inverter, induction heating and number ofeoth
applications. By increasing the number of dc vadtag
sources, a sinusoidal like waveform can be gemgrate
Thus the total harmonic distortions decreases whash
a great significance in power grid applicationssiAe
wave output is desirable because many electrical
products are engineered to work best with a sineevea
power source. The standard electric utility power
attempts to provide a power source that is a good
approximation of a sine wave.. Switch mode power
supply (SMPS) devices, such as personal computers
function on quality of sine wave power. Ac motors
directly operated on non-sinusoidal power may pcedu
extra heat, may have different speed-torque
characteristics, or may produce more audible nitiaa

www.ijaers.com

when running on sinusoidal power thus the multileve
inverters with reduced number of switches becomes
more significant. The multilevel inverters is cldissl

as, neutral point clamped inverters, flying capacit
multilevel inverters and cascade multilevel investe of
this three category cascaded multilevel inverteecent
trend because of its reliability. Tablel shows the
comparison of conventional multilevel inverters
switching components.

Cascaded multi level inverter uses reduced number o
power switches and it produces a sinusoidal like
waveform. Cascaded multilevel inverter is series
connection of power switches and dc voltage sources
Cascaded multilevel inverters have several advastag
when compared to other topologies. The main
advantages of using the cascaded multilevel inkseeee

the high power quality waveforms due to the redurti

in the total harmonic distortion and also the reiduncof
dv/dt stresses on the load, cascaded multilevedriaxs
can be classified as symmetric and asymmetric
multilevel inverters. The main difference between
symmetric and asymmetric configuration is the
magnitude of dc sources. In symmetric configuration
magnitudes of dc sources are same, whereas in the
asymmetric configuration magnitudes of the dc sesirc
are different. By using the cascaded multilevekeiers
desired number of output voltage levels can beiodta

by series connection of a number of dc voltage cssur

A number of different topologies have been preskirie
the literature. Numerous basic units are also ptesen

the literature. The disadvantage of the symmetric
configuration is that it requires more number ofvpo
switches when compared to the asymmetric
configurations. But the dc voltage magnitude isyver
high in these papers. Single phase and three phase
multilevel inverters can be produced by the series
connection of a large number of the basic units.

Il. CONVENTIONAL SYSTEMS
The cascaded multilevel inverter to generate outfput
5 levels using 8 switches, 7 Levels with 12 swi;He
levels with 16 switches, and so on. Using 4 swinb
one dc source for each h-bridge and produces the on
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level of voltage output which is shown in figurel.
Common expression for output voltage Levets= (n

+ 2)/2 wheren is the number of switches in the
inverter. Each Bridge is outputting 3 Leveld/de, O,
-Vdc.

The number of levels in the three phase circuitmadhe
output phase voltage and line voltage asel2and 4+1
respectively, whersis the number of H-bridges used per
phase. For example, Three H- Bridges, Five H-bsdge
and Seven H-bridges per phase that is 12 switc@s ,
switches, and 28 switches per phase are requined-fo
level, 11-level and 15-level multilevel inverter
respectively. The value of the ac output phaseageltis
the sum of the Voltages produced by each H-bridges.
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Fig.1. Conventional Cascaded N Level Multileveldrgr

Il EXISTING SYSTEMS
3.1 7 Level Multilevel Inverter
7-Level, 9 Switchethis topology which is shown in
Figure 2 is built with 3 dc sources, H-bridge casgd of
4 switches and then additional 5 more switches hic
producing the steps of 7 levels, for positive amelgative
half cycles. Table 2 represent the switching schéone
this topology.
a. 9 Level Multilevel Inverter:
This type of inverter consists of a H Bridge andultm
conversion cell which consists of four separatetagd
sources (Vdcl, Vdc2, Vdc3 and V dc4), for four shés
and four diodes. Each source connected in casoailled
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other sources through a circuit consists of onéckvand
one diode that can create the output voltage saniyein
positive polarity with a number of levels. Only ohk
bridge is attached with multi conversion cell ta geth
positive and negative polarity.figure3 shows 9 leve
multilevel inverter and table 3 shows its switching
scheme.

First turning on the switch S1 andS2, S3 and Shtwih
off. The output voltage +1Vdc (first level) isqauced
across the load. Likewise turning on the switcB&sS2
and S3 & S4will turn off to produce voltage +2Vdc
(second level) output is produced across the IAa@in
the process will continue for the voltage level 8V
levels can be accomplished by turning on S1, &, S
switches ( S4 turn off) and +4Vdc levels can beeadd

by turning on S1, S2, S3 & S4 as shown in belowld 8b
3.3 11 Level Multilevel Inverter:

11 level output voltage we need to connect 5 H-@¥glin
cascade., so to attain the higher levels the tibmgéomes
complex .Three-phase 11 level inverter with lessiner

of power elements and hence less gate drive citcuit
Figure 4 shows 1llevel multilevel inverter and &Ml
shows its switching scheme.

3.4 15 Level MLI With 12 Switches:

This asymmetric 15 level multi level inverter topgy is
made of 12 switches and 3 dc sources and is shown i
Figure 5. One H bridge present in the topology &nty

for voltage level change. The switching schemegiven

in Table 5.

3.5 15 Level MLI With 10 Switches:

This asymmetric 15 level multi level inverter topgy is
made of 10 switches and 3 dc sources and is shown i
Figure 6. One H bridge present in the topology &nty

for voltage level change. First 6 switches useadidoel
module and H bridge used for voltage shift
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Table 2: Switching Schee for “-level 9-switch Topology.
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Table 3: switching patterns for 9 levels FMLI
S Multi conversion Cell H-Bridge Voltage
No On switches Off switches .On Off switches Bevels
switches
1 | S1.52.83.84 |DID2D3D4 | QLQ2 Q3.04 g
2 | $1.52,83.D4 | S4D1D2D3 | QLQ2 Q5.4 Ve
3 | S1,52.D3.D4 | S3.$4DLD2| QL@ Q3. Vg
4 | SL.D2D3D4 |S$2.53.84D1 | QiQ2 Q.4 1V
5 | DLD2,D3D4 | SLS2,8354 | QLQ2 Q.04 0
6 | S1.D2D3D4 |$253.54D1 | Q3.Q4 QLQ2 s
7 | 51.82.D3iD4 |S$3,84DID2| Q3.Q4 QLQ2 Vg
8 | $1.52.83,D4 | S4D1D2D3 | Q3.4 QLQ2 3V
9 | S1§2.83,84 |DILD2D3D4 | Q3.Q4 QLQ2 4V
Table 4: switching patterns for 11 levels -MLI
Level Svatchme Pattem
Voltaces [ 81 | 50 | 53 | &4 | 55 [ 55 | 57 | S8
+3E ] 0 0 1 1 ] { 1
+4E 0 1 0 1 1 0 Q 1
+3E H 0 1] 1 1 0 1 1]
+IE 0 1 0 1 1 0 1 0
+E ] 1] i 1 ] 1 1 1
] 1 0 i 0 1 0 1 i
-E 0 1 I 0 1 0 1 g
-JE ] 0 1 o ] 1 Q0 1
-3E 0 1 1 2 1] 1 i 1
-E i 0 l 0 ] i 1 i
“3E 0 1 1 0 ] 1 1 0
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Table 5 switching states for fifteen level asymmetric
cascaded multilevel inverter

Switching states Output
Bl | P2 P3 P4 2 P6 | BT PR | PO P10 P11 P12 voltage
1 1 L] o] 1 1 0 0 1 1 0 0 TVde
0 1 o 1 1 1 ] 0 1 1 o 0 6Vdc
1 1 0 0 0 1 o 1 1 1 (V] 0 5Vde
0 1 0 1 0 1 O} 1 1 1 0 0 4vde
1 1 0 0 1 1 0 0 [t} 1 ] 1 3Vde
0 1 [ 1 1 1 0 0 0 1 o 1 2Vde
0 o 1 1 1 1 0 Q 0 1 o 1 Vde
0 1 ] 1 0 1 0 1 o 1 0 1 ovde
1 1 0 0 0 0 1 1 o 1 0 1 -Vde
o 1 0 1 1 1 0 0 o 1 0 1 -2Vde
0 o 1 1 0 0 1 ¥ o 1 e] X -3Vde
(o] 1 o] 1 0 1 0 ¥ o o 1 X -4Vde
0 ) 1 1 o 1 0 1 0 0 i 1 -5Vde
0 1 0 1 o 0 ¢ 1 0 0 i 1 -GVde
L) ] 1 1 0 0 & 1 (1) o] 1 p -7Vdc
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Fig. 4. 11 level multilevel inverter
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V. PROPOSED SEVEN SWITCH TOPOLOGY

The projected multilevel inverter has a commoncitme

of the hybrid multilevel inverter is shown in fig#.
Every separate voltage source (1vs, 2vs, 4vs) is
associated in series by other sources through queni
circuit connected with it. Every step of the citotbnsists

of only one active switching element and one bypass
diode that make the output voltage as positive witle a
number of levels. The basic operation of modifigbrid
multilevel inverter for getting the output voltage +1vdc

is to turn on the switch sl (s2 and s3 turn off] &urning

on s2 (s1 and s3 turn off) for getting output vpditaas
+2vdc. Like wise other levels can be accomplishgd b
turning on the appropriate switches at exactingrirgls;
table7 shows the basic operation of projected dybri
multilevel inverter.

From The Table It Can Be inferred That Only One H-
Bridge Is Connected To Get Both Positive And Negati
Polarity. Figure7 And Table 7 Shows The Proposed 15
Level Multilevel Inverter Schematic Diagram And
Switching Performance.

* The s number of dc sources and the related number
output level can be calculated by using the
equation n level =2s+1-1

» Voltage on each step can be calculated by using
the equation v=2s-1.vdc
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* The number of switches used in this topolog
given by the equation n switch=s

V. SIMULATION CIRCUIT

In The Proposed 15 Level MLI ,The Circuit Is BUdft 7
MOSFET Unidirectional Switches. It Can Also Be Bui
With 3 Unidirectional 4 Bidirectional Switches. &
Load Is Resistive With A Value Of 100 Ohm. Th
Asymmetric DC Input Voltages Are Used Having 1
Values Are 48V, 96V And 192V.Figure8 Shows 1
Simulation Circuit Of Poposed Topology. Note That
Order To Obtain The Shaped LBvel Output Withou
Distortion, MOSFET Block Parameters In MATLA
Should Vary According To The Load. Here For 100 C
Resistive Load MOSFEBlock Parameters Are Set 4
Follows:

* FFT Resistance=0.1ohm

» Internal Diode Resistance=0.01¢
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Fig . 6. 15 Level MLIWith 10 Switche
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Table 6: switching schemfifteen level asymmetric

cascaded multilevel inver
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Fig. 7. Proposed Multi levelnverter
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Table 7: switching scheme of 15 level 7 switch

SN0 | Intervals O Off Yaoltage Current
switches switches lewvels flow path
1 I 51 5253 +1Vs 51,D2.D3
2 1| 52 5153 +2Vs 52.D1.D3
3 I 51.52 53 +3Vs 51.52.D3
4 n 53 51,82 +4V's D1.D2.D3
5 v 51.53 52 +3Vs 51.D2D3
6 VI 32,53 51 +6Vs D1,52,53
7 VII 515253 +TVs 51.52,53
8 WVl 51,582.53 ] D1.D2,D3
VI. PULSE GENERATION CIRCUIT
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Sine wave voltage is compared with different tyjpds VII. SIMULATION RESULTS
triangular waves to obtain the gate pulses. Thetioslal The waveforms and FFT analysis of 7, 9, 11,
operators are used. The pulse width of the puksgsired 15(12switch), 15(10switch) levels MLI are shown in

determines the value of the constants. Pulse wislth figure.10, 11, 12, 13, 14. The proposed outputagdtand
determined by the on time of each switch and these current waveforms and also FFT

signals are used for switching the MOSFETS. analysis are shown in figure 15,16,17. Comparisbn o
There are four subsystems in this circuit. The canaor FFT analysis with different levels and switches sttewn
compares the triangular and sinewave which gives th in table 8.

required PWM signals. Pulse generation circuithisven

in figure 9.
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Fig. 8. Simulation Diagram of Proposed Topology

www.ijaers.com Page | 22



International Journal of Advanced Engineering Research and Science (IJAERS) Vol-2, Issue-11, Nov- 2015]

ISSN: 2349-6495

of
|
+ =

OUTPUT WOLTAGE
T T T

1 i i i i i i i i
oot .02 .oz 0.04 ong 0.0e 007 oog oog

I
I ]
E (4 =
fW\ N “undamental [50Hz) =3£8.8 THD= 14.59%
(AhE) y &= y y y 3
w o
il £
" —H £ 3- -
o
_ ) o T g _
Fig. 9. PulseGeneration Circui £
g 4- -
I Gk L dELLLLT |||||| ||||
b Il I | "l T 20 40 50 100
L0 JJ |_| Harmanic arder
0 Fig. 11.9 level MLI waveform and FFT analy
— 10 o T T T T T T T T
— 2
LI . J‘\ !
L1 0. 0ol 0ol 0015 Qo2 .12!.15 L) f
Time (=) .
FTT amalyas 2
Fundamental (50 Hr) = 3006, THIDV = [8.07% -
T - T 0 .'m a
15 llulml—-
L. —FFT analysis
-l 5
.E, Fundamental (50Hz) = 244.5 THD= 11.50%
1 —
% = 5 i
2 It =
? £
= b5 -E 4|
=3
{15
5 Ir
0 RLLE] 40101 i} A Lo =
Frequency {Hz) o 2
=
Fig.107 level MLI waveform and FFT analy Tr
0
0 200 400 600 500 1000
Frequency (Hz)

www.ijaers.com

Fig.12.11 level MLI waveform and FFT analy

Page | 23




International Journal of Advanced Engineering Research and Science (IJAERS)

Vol-2, Issue-11, Nov- 2015]
ISSN: 2349-6495

Fundamental (30Hz) = 698.7, THD=6.59%

. ey
I I e
T T T T T

Mag (% of Fundamental)

L

L

L J.IJ.IJ.IJ.lJ.l

0

2

J.IJ.
TR

8 10 12
Harmonic arder

"

16 18

Fig.13.15 level 12 switch MLI waveform and FFT

analysis
FFT analysis -
Fundamental (30Hz) = 646 , THD=2.89%
i_rru: 3_ T T T T T T
=
a
:
T
3
w
5 h
g | Lot BLE sann el i |.. o I L 1 | | i
0 100 200 300 400 500 600 700 800 900 1000
Frequancy (Hz)
Fig.14.15 level 10 switch MLI waveform and FFT

200

analysis

woltage wawefarm 15 level kLI

s00

400

200

a

valtage(y)

-Z200

-400

-B0O0

-800

L
ool

L
ooz

L L '
0.03 0.04 0.05

time(s)

'
0.06

L
o.ar

Fig.15. Proposed Output Voltage Waveform

www.ijaers.com

CURREMT WANEF ORR

os

o6 -

0.4 -

oz

o

cument(A)

oz

o4

06 |

-0.8

o o.o1 ooz

0.0z

Fig 16.: Proposed Output Current Waveform

FFT analysis

Fundamental (50Hz) = 6466 , THD= 1.656%

= )

=
(5]
T

Mag (% of Fundamental)

o 200

400

600

Frequency (Hz)

Fig 17: Proposed FFT Analysis Of Proposed System

a0 1000

Table 8: comparison of FFT analysis

No. Of | No. Of Dc

Configurations Switches| Sources | THD %

7 level MLI 9 4 18.07

9 level MLI 8 4 14.59

11 level MLI 8 3 11.50
15 level 12 switches| 12 3 6.59
15 level 10 switches| 10 3 2.89
15 level 7 switches 7 3 1.65

VIIL. CONCLUSION

In this projected paper, fifteen level asymmetascaded
multilevel inverter is presented. The projectedeiter
can create high quality output voltage close tousbidal
Waves. It is used to provide improved performar@mnt
the conventional cascaded Multilevel inverter. Aaldo
this proposed method is used to minimize the switch
losses. The total harmonic distortion (THD) can be
supplementary reduced.
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