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ABSTRACT

This research paper of asymmetric multilevel comredescribes about the new structure that can peced
increased number of output voltage waveform usingingle source and reduced number of power eleron
components. In designing a multilevel convertee, power electronic switches play a very imperatoie as it
describes the installation area, cost, configurat@mplexity and may more things that play a sigauift role while
designing. The prime function of multilevel coneeris to abolish total harmonic distortion and tacorporate
desired ac voltage from several separate dc sourEesh level consists of H-Bridge converter unkigh
efficiency, high voltage capability, lower switchitosses are its prime advantages. A multilevelgrosonverter
structure can be introduced as an alternative irdiam voltage and high power situations. This stuaetnot only
achieves high power ratings but also empower tleaisenewable energy sources. It finds its bapjglieation in
adjustable speed drives, Static Var CompensatoA{€DM).
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INTRODUCTION

The researchers started working in the conceptufilewvel converter in 1975[1]. The fundamental cept of a
multilevel converter is to achieve high power. $es a series of power semiconductor switches witkral lower
voltage dc sources to perform the power conversidwe. multilevel converters can act as both a caevemd an
inverter. They can produce large number of outmltage levels with high voltage capability. The tialel

converters have more than two output voltage lewdlls respect to a reference point. The concepnoltilevel

converters began with the three level converteos.amedium voltage grid, it is difficult to assai@ only one
power semiconductor switch directly. Thus, a meltdl power converter introduces a substitute i fngwer and
medium voltage situations [2]. A multilevel convartfinds several advantages over a conventional level

converter that uses high switching frequencieseulisith modulation (PWM) [3].

Staircase Waveform Quality
The converter not only generates output voltaga ieiv distortion but also low dv/dt stress.

Common-Mode (CM) Voltage

The converters produce smaller common mode voltagece, the stress in the bearings of a motor cteddo a
multilevel motor drive can be reduced. The commanievoltage can be eliminated using the advancetltation
strategies.

Input current
Multilevel converter can tie input current with lalistortion

Switching Freguency
The converters can operate at both principal switcfrequency and high switching frequency PWM.

On the basis of configuration, the converters cadikided as symmetric, asymmetric and cascaded foualtilevel
converter [4]. The symmetric multilevel converteses dc sources of similar values, while asymmetudtilevel
converter uses dc sources of unequal values. Téeadad multilevel converter uses the configuratbrither
symmetric or asymmetric multilevel converter.
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Multilevel converters also have some disadvantagks. greatest of them is the requirement of greatenber of
semiconductor switches [5]. Lower voltage ratedtslngs can be utilized, but each switch will reqainelated gate
drive circuit. This can increase the overall comjileand cost of the system. In general, therethree types of
multilevel converters:

(i) Neutral Point Clamped (NPC) converter

(iiy Flying Capacitor (FC) converter

(iii) Cascade H-Bridge (CHB) converter

The main drawback of NPC converter is the uneqatihge in the midst of series connected capaciMoseover,
this structure needs large number of clamping didde higher levels [6]-[8]. Contrary to this, tiC converter
requires large number of storage capacitors fohdrigoutput voltage levels and capacitor voltageatzhg is
difficult. Conventional cascade multilevel converie the most important amongst the used topologesause it
requires least number of components [9]. A cascadeltilevel converter comprises of H-bridge cellfie major
drawback is that it requires large number of isalatic supplies. This can increase the overall cexityl of the
system. So, to overcome it, split source capacéogused [10].

Numerous studies have been made by the researfon¢he control on multilevel converter. They can different
on the basis of configuration [11]. For asymmeinaltilevel converter, voltage vector approximatiechnique is
applied, which is a type of fundamental frequenoptml. Whereas for symmetric multilevel converteoth low
switching and high switching frequencies are camreid. These approaches include space vector midhylat
multicarrier PWM strategy, amplitude control andrhanic reduction.

PREVIOUSWORK

In the previous work of asymmetric multilevel corteg, the level of output voltage waveform is rdisg to 15
levels. IGBT's are used as the switches with d wftthree sources. In case of asymmetric, thecgsuused were of
unequal values. However, such type of structuraiireg large number of sources and switches as amupta
cascade configuration. The previous topology suggeswo main methods named as binary and trinary
configuration. The asymmetric configuration candwce maximum number of output voltage levels wihsl
number of switches when compared to symmetric feultl converter. This configuration can also beduse
renewable energy sources. Since this system udgdoe full bridge converter, it restricted the wdehigh power
applications. Thus the previous configuration waitale only for low voltage and medium voltage leggiions.

PROPOSED 19 LEVEL ASYMMETRIC MULTILEVEL CONVERTER

The blocks diagram in Fig. 1shows the proposed wbiksymmetric multilevel converter. The proposgstesm of
asymmetric multilevel converter consists of a @ndt source. The asymmetric multilevel convertavigles an
optimized number of output voltage levels for tlaene number of power electronic devices when conoptréts
symmetric counterpart. It should be noted that &ilewel converter can act both as an inverter andctifier. The
cascaded H-Bridge topology is used to get the e@siumber of levels. Each switch is comprised diridge cells.
Each block of switches is provided with a triggeripulse. The major disadvantage of cascaded H-bridgs is
that it requires greater number of isolated dc semin the input side. The greater number of decgsucan increase
the complexity of the circuit and cost. To minimités complexity, split source capacitors are usdte main
function of these capacitors is to equally divide input voltage source amongst the power elec®nitches. The
methodology used in the multilevel converter isspace vector modulation technique.

Semiconductor Full Bridge Transformer
™ switch 1 » Inverter 1 > 1
A 7}
Input DC .| Split
Supply | Source . :
Capacito Triggering Pulses L Load
A 4 A 4
Semiconductor > Full Bridge > Transformer
DC Supply switch 2 »| Inverter 2 2

Fig. 1 Block Diagram of 19 Level Asymmetric Multilevel Converter
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EXPERIMENTAL METHOD

The space vector PWM technique is an algorithmctmtrol of pulse width modulation. It is commonliged to

drive 3 phase ac powered motors at alternatingdspieem dc using multiple Class D amplifiers. Oréve area of
development of SVM is in the reduction of total tanic distortion (THD) created by rapid switchintherent to
these algorithms (figure 2). An inverter is comnyouked in variable speed AC motor drives to yieldadable,

three phase, AC output voltage from a constant Difage. Basically, amplitude and frequency defittes two

characteristics of AC voltage. Thus it is essentialork out a strategy on how to control both thgaantities [13].

With a three phase voltage source inverter thexeght possible operating states. In (figure 49, upper switch of
the inverter’s pole A is on whereas the lower skvit off. Contrary to this, on the other two leti® upper switch
is off while the lower switch is on for V (100) adition.

Because of the constraint that the input lines natisto time be shorted and the output current ralveays be
continuous a voltage source inverter can assumge a@ight distinct topologies. Six out of these eigypologies
yield a non-zero output voltage and are admittesh@szero switching states and the remaining twinltgies
produce zero output voltage and are certified as g@itching states. The space vector modulatiMMBfor three-
leg VSI is positioned on the representation ofttiree phase quantities as vectors in a two-dimeasia,3) plane.
This can be seen in the vector representation aliagihe voltages ¥, V. and ., are three line voltage vectors
displaced by 120 degrees in space. The desired firase voltages at the output of the inverterccbal described
by an equivalent vector /. The reference vector is then synthesized usimgbawation of two adjacent active
switching vectors and one or both of the zero wsctdhe magnitude of this vector is related todegree of the
output voltage and the time this vector takes tmmlete one revolution is the same as the prindips period of
the output voltage.
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Fig. 2T opology of a basic three phase inverter
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Fig.3 Vector Representation of SVM
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EXPERIMENTAL SETUP

The diagram below shows the circuit diagram ofghgposed system. The input dc source of 90 V id.uadotal
of nine split source capacitors are used. The rhaintion of split source capacitor is to equallyide the inpu
source to the switches. MBPETSs are used as the switches with the combinefidiodes with it

A total of thirty two diodes are used. Also tweM®OSFET switches are used. A subsystem designatsduas” is
used to provide the pulses to the gate of MOSFHEY iaput to the triggering pulses block. The diodes suct
connected that they are anti gld&l to each other. Some of the MOSFET switchesiadividually used and tF
pulses are given through the subsystem intercoedéotit.

The voltage measurement and current measuremeasksbéowe also used for ideal voltage and currensaremen
regectively. Series RL branch is also used to ohtaéndesired output. Finally the output is takemfrine outpu
voltage parameter.
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Fig. 6Circuit Diagram of Proposed System
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SIMULATION RESULTS

This section dealwith the simulation results of the proposed 19 leasymmetric multilevel converter. Single
source of value 90V is used as the input source. Vidue of output voltage frequency is 50 The proposed
system uses thirty two diodes with a combinatif twelve MOSFETSs as switches. For this case, th® Tdfl the
output voltage based on simulation is 5.70%. Tfieiehcy of the converter is based on the applieatiol strategy
This paper uses fundamental frequency controlegiyatThus the efficiencyf the converter is hig

Fig.7 Output Voltage Waveform
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Fig. 8 Output Current Waveform
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CONCLUSION

This paper proposes a new structure for asymnmtuitilevel converter. This new structure minimizhe use of dc
source and also increases the levels of outpuagelwaveform. This system is suitable for mediurd high
voltage applications. Because of the use of simiglesource and less number of switches, the oveosit and
complexity of the system is reduced. The fundamenéguency control strategy increases the efficjenf the
converter. The proposed design can be further tesegise the level of output voltage. Also othewpo electronic
components like IGBT can be used in place of MOSFHie proposed structure can also be changed tthget
desired number of levels which can also minimizettital harmonic distortion.
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