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Abstract- In this paper different modulation methods have ken reviewed for the control of Cascaded
Multilevel Inverter (CMLI). The main function of CM LI is to synthesize the desired AC output based on
the series connection of DC sources (Solar Panelsjth reduced power quality issues. Nowadays, it has
been recognized as important alternative resourcanilow/medium voltage solar powered inverter market.

CMLI with reduced common mode voltage rejection andreduced number of power switches are also
investigated in this paper. To reduce the counts dDC source, a concept of Z-source interfaced CMLI
system is introduced. This paper provides a generasurvey of modulation techniques and further

development of CMLI topology.

Keywords- Multilevel DC link inverter, Z-source neirk, Space vector modulation.

. INTRODUCTION

Multilevel converters are classified as diode clachpnverters, flying capacitor inverters and casdad
inverters. DC link capacitors having the same ciypger unit, diode clamped inverters have thetl@asnber
of capacitors among three types but require additiolamping diodes. Flying capacitor inverterschéee most
number of capacitors. But CMLI is considered asifigthe simplest structure. CMLI provides a comping
of voltage levels leading to extremely low harmaniénother advantage is that the bulk inverter rbay
commercial off the projection, requiring that otihe lower power condition inverter to be custom e&8o the
cascaded inverter has been widely studied and insields of Static VAR Compensators (SVCs), polee
conditioner and voltage stabilizer. It may be ndteat due to other advantages of the modularizexditiayout
and package, the cascaded inverter could be aaumde in higher voltage motor drive applicatiossall as
pre-mentioned branches [1]-[2]. The advantages MLICget degraded because of more number of power
switches and DC sources. To minimize the degradatfdCMLI, a new structure of multilevel DC linkvarter
and impedance source network are developed [3-dlioMs modulation processes were analyzed with a
powerful and mathematically rigorous method thatvjgtes the analytical expressions of the outputspha
voltages of the inverter. This paper is organizedfalows; Section | shows the classification ofweo
converters. Analyses of different switching patteame addressed in Section Il. Section Il shovesgéneral
introduction of multilevel DC link inverter. Analissof Multilevel Inverter (MLI) with Z-source netwk system
is reviewed in Section IV and Section V concludesgurvey for the further development of CMLI.

Fig.1 illustrates the classification of converteaamilies used in lower power and high power drive
applications, which have a basic division into dirand DC link topologies. Cyclo-converter and nxatr
converter are the direct conversion topology usddwer power and high-power applications respetyivThis
conversion uses an array of power-semiconductdckesg to connect directly the power supply to tlaeme,
converting a three phase AC voltage with a fixedynitade and frequency to a three phase AC voltaitle w
variable magnitude and variable frequency. On tterohand, indirect converters are classified iuorent-
source and voltage-source topologies, dependingherdc-link energy storage component. For high powe
applications, two Current Source Inverter (CSI) diogies have found industrial presence: the Load
Commutated Inverter (LCI) and the PWM based CSk TKI has been used for several decades featuring
simple converter topology, low manufacturing castd reliable operation. Voltage Source Inverter [jM&as
found more attention towards industrial and commaéapplications. The classifications of VSI aréegel VSI
and MLI systems.
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The darkened boxes in the classification are tlmded systems in the paper. The MLI systems have
experienced a higher market penetration and a matieeable development over the last decade, irpaoison
to other topologies. Among MLI topologies, CMLI pides tremendous advantageous towards solar powered
applications. The general structure of CMLI forgdsphase and three phase system is shown in Fig. 2
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Fig. 2. Cascaded multilevel inverter (a) Singlagsystem (b) Three phase system

Multilevel converters not only can generate thepativoltages with very low distortion, but also gaduce the
dv/dt stresses; therefore Electromagnetic Compig§ifEMC) problems can be reduced. It draws inputrent
with low distortion. Multilevel converters can op#& at both fundamental switching frequency and hig
switching frequency PWM. It has lower switching doand higher efficiency. In the cascaded H-bridge
multilevel inverter each level requires a sepafat@ source and for each DC source a PV cell is to be
connected. In CMLI, each solar module is isolatednfload side.
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[l. ANALYSIS OF MODULATION TECHNIQUES
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Fig. 3. Classification of multilevel controllers

The general classifications of multilevel contradleare shown in Fig. 3. Commonly used stair case
modulation scheme produce common mode voltages.nt@ommmode voltages may affect the motor shaft
voltages and bearing currents. There has been daruaf mitigation techniques suggested for the ihgar
current problem and conducted Electro Magneticrfetence (EMI) [5]. Space Vector Pulse Width Modiga
(SVPWM) and Sine Triangle Pulse Width ModulationTPSVM) schemes are suggested for the control of

CMLI to eliminate common mode voltages and to obthetter power quality. The various modulation
techniques are as follows:

A. Staircase pulse switching pattern
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Fig. 4. Staircase switching pattern

Staircase switching pattern of seven-level CMLs$l®wn in Fig.4. The switching states of CMLI switsh
are: \p = 0V, when all switches are in OFF state,2V/(V4dJ3), when $& S, switches are in ON state, ¥
(2V4d3), when $ S;, S & S switches are in ON stateg¥ Vg, when 3 S, S5 Se, S & Sypswitches are in ON
state. \§ = (-V4d3), when 3& S, switches are in ON statey ¥ (-2Vqd3), when § Sy, S; & Sg switches are in
ON state, = (-V4o), When 8 S,, S, Sg, Si1 & Sipswitches are in ON state [6].

B. PWM technique based switching pattern

Improved output voltage can be obtained through P\ilitching of multilevel inverter switches. The
improvements in the harmonic contents due to tobeeased number of levels (N) were highlighted. Harim
reduction can then be strictly related to the penmce of an inverter with any switching strate@sher authors
have extended two level carrier based PWM techsigoe multilevel inverters by making use of several
triangular carrier signals and one reference sigraal phase. Third harmonic injection based PWM and
multicarrier PWM switching techniques were devebbpereduce the harmonic content in the systemubufor
N-level inverter, carriers with the same frequeang same peak to peak amplitude are disposed eféremce is
continuously compared with each of the carrier aiginlf the reference is greater than a carrienajghen the
active device corresponding to that carrier is gvdtl ON, and if the reference is less than a casigmal, then
the active device corresponding to that carriemiched OFF.

Third harmonic injection based PWM pulse is showifrig.5 (a). Fig.5 (b) shows the developed AC outpu
voltage of CMLI under third harmonic injection bdseWM pulses. Multicarrier PWM (MCPWM) is one the
most common switching strategy for CMLI with an imoped harmonic performance [7-11]. Each single phas
inverter is controlled using three-level modulatiaich leads to cancellation of all carrier andoassed
sideband harmonics. MCPWM pulse generation andldiged AC output voltage is shown in Fig. 6 (a & b).
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Fig. 5. Third harmonic injection (a) PWM pulsengeation pattern (b) Output Voltage
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Fig. 6. Multicarrier (a) PWM pulse generation patt (b) Output Voltage

C. Jaint Inverter Control

The method of joint inverter control is proposedutiize nine-level modulation followed by a Redamd
State Selection (RSS) table for voltage balancirj.[The pulse generation pattern and the generafedence
pulses of joint inverter control are shown in FHg.

=]

— Modulating Signal
I

o« O

?Amphtude
e
1
:‘j?
1

=]

— Time (Sec)

Fig. 7. Joint inverter control switching pattern
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The modulation is typically programmed in a Digigibgnal Processor (DSP) and may be followed by an
RSS table located in either the DSP or in a Prograbte Logic Device (PLD). The inputs and outputfR&S
selection table is shown in Fig. 8.

Generally, SPWM schemes are more flexible and €mf@ implement, but the maximum peak of the
fundamental component in the output voltage istéohito 50% of the DC link voltage, and the extengibthe
SPWM schemes into over modulation range is difficul

D. Multilevel SYPWM

In SVPWM schemes, a reference space vector is samgdl regular intervals for determination of the
inverter switching vectors and their time duratiomsa sampling interval. The SVPWM scheme givegemo
fundamental voltage and better harmonic performacompared to the SPWM schemes [13]-[20]. The
maximum peak of fundamental component in outputaga obtained with space vector modulation is 15%
greater as compared with sine-triangle modulat@eme. Multilevel converters have a large numberector
states which can be used to modulate the refergigoals (sinusoidal signals). Each state vectorahasmber
of redundancies. Multilevel SVPWM provides modulgtivectors with an appropriate switching sequence.
However, the same properties of state and switchénlyndancy allow the improvement of the modulation
technique to fulfill additional objectives like necing the common mode output voltage, reducingeffect of
over modulation on the output currents, improvihg voltage spectrum. In SVM scheme inverter switghi
states are shown in Fig. 9.
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Fig. 9. SVPWM based switching states

Ill. MULTILEVEL DC LINK INVERTER

General structure of CMLI shown in Fig.2 has morember of power switches. To reduce the power
switches in the conventional CMLI the proposed itayel DC link inverter is reviewed, which consist$
number of DC source connected in series throughep@witching devices and a Single Phase Full Bridge
(SPFB) inverter [3]. The general structure of nhentel DC link inverter is shown in Fig. 10. The &wf output
voltage is decided by the proper switching of Dk Iswitches. The number of power switches getsmizgd
through the proposed multilevel DC link inverter.
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Fig. 10. Multilevel DC link inverter
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The number of power switches gets minimized throtlgh proposed multilevel DC link inverter. Two
switches § and $i operate in a toggle fashion. Each DC source isnected through the toggle fashion
operation of & and $. Through full bridge inverter, the DC link volta§iédc) is converted into AC voltage.
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Fig. 11. Output waveforms of DC link inverter

The output voltage of multilevel DC link invertesr shown in the Fig. 11. The voltage across the iDICi$
equivalent to that of the full wave rectifier. Thigh the proper switching of single phase full beidgverter
switches the DC link voltage is converted to ACtage. The output voltage waveform of multilevel ik
inverter is develpoed through staircase pulse &initcpattern.

Number of switches required for conventional CM&N = 2*(m-1)
Number of switches required for DC link MLI is N(m+1)

IV. MLl WITH Z- SOURCENETWORK

To reduce the DC source counts, boost or buck tiparaf MLI output voltage is required. To achigveth
boost and buck operation, Z-source based CMLI é@manended through this review paper. The equivalent
circuit of cascaded Z-Source CMLI is shown in FI@. It consists of single phase H-bridge inverteita)
Z-source network and DC sources (I, Il, 1ll) [4] [1]. Each H-bridge Z-source CMLI can generate ghre
different stages output voltage #VO0, -Vi,. Output voltage can be higher than the input geltavhen boost
factor, B > 1. Boost operation can be achievedshgot through state of switching and buck operaison
achieved by non-shoot through state of switchingpeérter switches.
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Fig. 12. Equivalent Circuit of Z-Source MLI
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V. CONCLUSION

This paper presents the idea about the possiblailattah technique for cascaded multilevel invertene
proposed paper also reviewed the multilevel DC limkerter topology and its unique advantages. Baic#
boost operation of multilevel inverter output vgiais achieved through the impedance source network
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