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Abstract— In recent years, multilevel inverters have gained ore
attention for high power applications. A multilevel inverter not
only achieves high power ratings, but also enablethe use of
renewable energy sources. Renewable energy sourcasch as
photovoltaic, wind, and fuel cells can be easily farfaced to a
multilevel inverter system for a high power applicgion. The
proposed method is 15-level multilevel inverter whih has a
number of modules connected in series. Each moduleas one
switch and one parallel connected diode where onlgne switch
operates at a time preventing short circuit. This mthod involves
less number of switches associated with more numbei voltage
levels. The stages with higher DC link have more adntages like
low commutation, reduced switching losses, increageefficiency
and low input stages with more number of output legls. The
input supply is given from the photovoltaic cell. h this paper, a
bypass diode technique is introduced to the convenhal H-
bridge multilevel inverter topology which reduces he number of
controlled switches used in the system. It dramatadly reduces
the switching losses; cost and low order harmonicand thus
effectively improves Total Harmonic Distortion (THD).

Keywords—Hybrid multilevel inverter, Cascaded H-bridge
inverter, Total Harmonic Distortion, Photo Voltaic cell

I.  INTRODUCTION

Numerous industrial applications require high powerassomated numberout+

apparatus in recent years. The utility applicatisaquire
medium voltage and MW power level. For a mediuntags
grid, it is troublesome to connect single power isemductor
switch directly [1]-[2]. The applications of ac valle
frequency speed regulations are widely popularizéih
power and medium voltage inverter has recently ireca
research focus. Multilevel inverter have been ghingore
attention for high Power application in recent weahich can
operate at high switching frequencies while prodgdbwer
order harmonic components [3]-[4]. A multilevel erter not
only achieves high power ratings, but also enathlesuse of
renewable energy sources. There are several tapslsgch

as neutral point clamped or diode clamped multileve

inverter, flying capacitor based multilevel inverteascaded
H-bridge multilevel inverter and hybrid H-bridge hilevel

inverter. The main disadvantage of diode clampettilenel

inverter topology is restriction to the high powsreration.
The first topology introduced is the series H-beddesign
[5]-[6], in which several configurations have beaptained.
This topology consists of series power conversiis avhich
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form the cascaded H- bridge multilevel inverter gaver
levels may be scaled easily. An apparent disadganté this
topology is the requirement of large number of ased
voltage sources. The proposed topology for mukilev
inverter has high number of steps associated withlumber
of power switches. In addition, for producing tkedl|s at the
output voltage, a procedure for calculating theunegl dc
voltage source is proposed.

IIl. HYBRID MULTILEVEL INVERTER

The general structure of the hybrid multilevel irtee for
single phase is shown in figure.1l. Each H-bridgeuii is
connected in series associated with it. Each of dineuit
consists of four active switching elements that ozake the
output voltage as positive or negative polarity;itocan be
simply zero volts depending on the switching candibf the
switches in the circuit. A conventional multileveiverter
topology employs multiple/link voltage of equal mitgdes.
It is fairly easy to generalize the number of distilevels [7] -

[8].

The S may be number of stages or dc sources and the

put level can be written ks

=2 1)
vel
The number of switches used in this topology isesged as,
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Figure.1 Topology for Hybrid Multilevel Inverter
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The advantage of the hybrid multilevel invertemisdularized
structure. This will enable the manufacturing psscéo be

done more quickly and cheaply. The drawback of this

topology needs a separate dc source for each di-imédges
and involves high number of semiconductor switches.

[ll. PROPOSED METHOD

A. Modified Hybrid Multilevel Inverter

The proposed multilevel inverter has a generakstre of
the hybrid multilevel inverter as shown in figu. Each of
the separate voltage source (1Vs, 2Vs, 4Vs) is ected in
series with other sources via a special circuibeissed with
it. Each stage of the circuit consists of only oaetive
switching element and one bypass diode that maketlput
voltage as positive one with several levels. Thesidba
operation of modified hybrid multilevel inverterrfproducing
the output voltage as +1Vdc is to turn on the dwigl (S2
and S3 turn off) and turning on S2 (S1 and S3 tffpfor
producing output voltage as +2Vdc. Similarly otharels can
be achieved by turning on the suitable switchepaaticular
intervals. The Table.1 shows thasic operation of proposed
hybrid multilevel inverter. From the table it cae inferred
that only one H-bridge is connected to get bothtpesand
negative polarity. The main advantage of modifiegrid
multilevel inverter is high number of levels witleduced
number of switches.

TABLE |

BASIC OPERATION OFMODIFIED HYBRID MULTILEVEL INVERTER
S:NO | Intervals swict)(?hes sw?t)ghes Vlg\lrglze flg\lfjvr;)ez:t:w

1 | S1 S2,S3 +1Vs S1,D2,D8

2 1l S2 S1,S3 +2Vs S2,D1,D

3 I S1,S2 S3 +3Vs S1,S2,D

4 \Y, S3 S1,S2 +4Vs D1,D2,D3

5 \% S1,S3 S2 +5Vs S1,D2,D3

6 Vi S2,S3 S1 +6Vs D1,S2,S3

7 1l SI1,52,S3 +7Vs S1,S2,S3

8 VI S1,S2,S3 0 D1,D2,D3

The S number of dc sources or stages and the atsici
number output level can be calculated by usingetheation
N level =2S+1 3)
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Figure.2 Topology for Modified Hybrid Multilevel irerter

Voltage on each stage can be calculated by usengdbation
V=2S-1.vVdc 4
The number of switches used in this topology igiby the

equation
N switch=S +4 (5)

4
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T Vde

Vi+Vi+V3
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Figure .3 Typical output waveform for Modified HytbMultilevel Inverter

The Figure.3 shows the typical output voltage wawnefof a
15-level Modified Hybrid Multilevel Inverter with 3eparate
dc sources.

B. Total Harmonic Distortion (THD)

The Total Harmonic Distortion block measures theal'o
Harmonic Distortion (THD) of a periodic signal. Tisggnal
can be voltage or current. The THD is defined asrttio of
Root Mean Square (RMS) value of the total harmonicthe
signal to the RMS value of its fundamental sigiidde THD
value will be zero for a pure sinusoidal voltagecorrent. For
example, for currents, the THD is defined as

I
Total Harmonic Distortion (THD) I_h
n
Where |, - v/{1,%+ 15%+...+ 1), 1,=RMS value of the harmonic
‘n’, I+= RMS value of the fundamental current.
C. Photo Voltaic Cell
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Solar energy is a non-conventional type of enefgplar
energy has been harnessed by humans since aniiesd t
using a variety of technologies. Only a small fi@t of the
available solar energy is used. Solar powered rédatt
generation relies on photovoltaic system and heaines.
Solar energy's uses are limited only by human sfigat To
harvest the solar energy, the most common way isis®
photovoltaic panels which will absorb photon eneirgyn sun
and convert it into electrical energy. Solar tedbg®s are
broadly classified as either passive solar or actsolar
depending on the way they detain, convert andiblige solar
energy. The following figure.4 shows the basic ctiee of
Photo Voltaic Cell [9]-[10].

sunfigiht

photons
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Figure .4 Basic Structure of PV Cell

From the solar radiation, Earth receives 174 WA of
incoming solar radiation at the upper
Approximately 30% is reflected back to space anly 88W

is absorbed by oceans and land masses. The spextsotar
light at the Earth's surface is generally sprearbssc the
visible and infrared region with a small part ir thitraviolet.

The total solar energy absorbed by Earth's atmespbeeans
and land masses is approximately 3,850,000 EJqzer y

IV. SIMULATION MODELS

A. Simulation Model of PV System
The equivalent circuit of a PV cell is shown in Hig.5. It

consists of an ideal current source in parallehvéan ideal
diode.
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L

Figure .5 Simulation Diagram of PV Panel
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atmosphere

The current source represents the current genetated
photons, and its output is constant under constanperature
and constant incident radiation of light. There am® key
parameters frequently used to characterize a P\opelis the
photon generated current. The photon generateerauwill
flow out of the cell as a short-circuit currentd)ishus, },=lsc.
When there is no connection to the PV cell (opeaud) the
photon generated current is shunted internallyhayimtrinsic
p-n junction diode. This gives the open circuittagke (V). It
is seen that the temperature changes affect malidyPV
output current. The PV cell output equal voltaga iainction
of the photocurrent that mainly determined by laadrent
depending on the solar irradiation level.

B. Smulation model of Proposed System

The simulation model of proposed system is showth@n
Figure 6. The 15-level multilevel inverter has beleveloped
using MATLAB. The proposed method is used to get
sinusoidal waveform and reduced harmonics with mminmh
number of components. Therefore the efficiency bé t
multilevel inverter is increased. The low orderrhanics are
reduced significantly. This is used to produce
unidirectional output in both positive and negatiections.
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Figure 6 Simulation Diagram of modified hybrid nileftel inverter

V. PULSEWIDTH MODULATION TECHNIQUE

The duration of the pulses are varied by changimg t
amplitude of the sinusoidal wave form. In this noethihe
lower order harmonics are eliminated. As the sviitgh
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Figure 7.Pulse Width Modulation Technique

| bW ®oonow oW
increases more harmonics can be eliminated. PWM Trel

technique is extensively used for eliminating hadmbw- Figure 8.Output voltage waveform for modified hgbmultilevel inverter
order harmonics in input and output voltage ander of

static power. In PWM control, the inverter switctzgs turned Different levels of voltage like 33V, 66V, 132V abtained in
ON and OFF several times during a half cycle antbutu both polarities. It can be achieved by selectiorswitching
voltage is controlled by varying the pulse widtht gkesent, pattern. The fundamental frequency of MHMLI is 50Hz
available PWM schemes can be broadly classifiedaaser I T 171 TI71 77
modulated Sinusoidal PWM (SPWM) and pre calculated o ‘
programmed PWM schemes.

A. Snusoidal Pulse Width Modulation

In this modulation technique numbers of output pyter
half cycle are more and pulses are of differentthvid he
width of each pulse is varying in proportion to dwaplitude T
of a sine wave evaluated at the center of the gautse. The [ R o " Tne
gating signals are generated by comparing a sidakoi Figure 9. Output current waveform for modified hgbmultilevel inverter

reference with a high frequency triangular sigiiéle RMS ac . ) ) ,
output voltage, The speed curve for the induction motor is showthén

Figure 10. The speed increases with time and settfter
steady state.
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. Figure 10. Speed curve for madified hybrid multdeinverter with Induction
Where p=number of pulses abm pulse width 9 P Motory

The torque variation with time is shown in the FiggaO.

S e d P

V.RESULTSAND DISCUSSION

i n ]

The simulation results and analysis of 15-level ffived
hybrid multilevel inverter with reduced number e@fikhes is
shown below. It describes he output voltage wavefand
output current waveform with induction motor. Thedified
hybrid multilevel inverter phase voltage and cutrnsnshown ! ;
in the Figure.8 and 9. . Treg

Figure 11 Torque curve for modified hybrid multiénverter

The hybrid multilevel inverter FFT analysis is shoin the
Figure.11. The Figure 12 for proposed method.
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Figure .12 Spectrum analysis of total harmonicadiin for hybrid multilevel
inverter

FFT analysis
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Figure .13Spectrum analysis of total Harmonic digio for modified hybrid
multilevel inverter

VI.CONCLUSION

~

Ll
500

In this paper, 15-level modified hybrid multilevialverter
is used to get sinusoidal waveform and also toemse the
efficiency of the inverter. The simulation resulits 15-level
modified hybrid multilevel inverter have been ilitegted using
MATLAB software. Multilevel inverter is generallysed to
obtain a high resolution and produces near sinasadtput
waveform using reduced number of switches and
switching losses. The harmonic reduction is acldete a
greater extent than the other conventional invert€he basic
structure details and operating characteristicsmafdified
hybrid multilevel inverter have been described bking a
fifteen level configuration and also extend the igies
flexibility. The proposed control scheme have beerified
analytically and demonstrated through simulation.
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