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Performance Analysis of Z-source
and Boost Multi Level Inverter

R. Uthirasamy*, C. Krishna Kumar** and P.K. Arun Kumar***

ABSTRACT

This paper presents a comparative analysis of Z Source Inverter (ZSl) and Boost Cascaded Multilevel Inverter
(BCMLI) is proposed. The maximum boost impedance inverter topol ogy overcomesthe limitations of conventional
boost \bltage Source Inverter (V). By this new topology, renewable energy is utilized properly with minimum
controller circuit. On theother hand the switching stress and thefilter circuit requirementsarevery high. With the
view of industrial applications, this paper gives an overview of BCMLI with a focus on efficient utilization of
battery power, reduced voltage stress and reduced filter circuits. The proposed configuration not only boost DC
voltage but can also convert the DC power into high quality AC power for industrial drive applications. A model of
ZSl and BCMLI arebuiltin MATLAB/SIMULINK and its performance is analyzed.
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1. INTRODUCTION

The traditional power electronic invertersare VSl and Current Source Inverter (CSl). InVSI two switches
of the same leg can never be gated ON at same time because it causes a short circuit, which would destroy
the inverter. This limitation can be overcome by the proposed impedance source inverter system [1]. By
adjusting the boost factor one can obtain maximum power output in accordance with solar power. For three
phase applications ZSI require large size inductors and capacitors for boosting and filtering [2]. Also, the
voltage stress across the ZS| switches is very high. To achieve soft switching, passive component circuits
are needed; this leads to the complexity in overal circuit. Most solar cell installation involves the use of
multiple solar panels or modules, which are connected in series or parallel with cascaded H-bridge type
multilevel inverter. Themost popular advantages of multilevel inverter compared withthe traditional voltage
source inverter (VSI) are lower semiconductor voltage stress, better harmonic performance, lower Electro
Magnetic Interference (EMI) and lower switching losses. Inthiswork, 7-level BCMLI with reduced battery
count for renewable resource applicationsisintroduced [3]-[4]. The proposed structure will also reduce the
Size and system cost. A novel Boost Multilevel Inverter (BMLI) is proposed to cater the needs of modern
solar power applications.

2. ANALYSISOF IMPDEANCE SOURCE INVERTER

The general block diagram of solar powered maximum boost ZSl systemis shown in Fig. 1. By controlling
the shoot-through duty cycle and modulation index any desired output AC voltage can be obtained, thus
there is no need for a dc-dc booster and step up transformer. The equivalent circuit of ZSI is shown in
Fig. 2.
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Figure 1: Block diagram of solar powered impedance inverter system
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Figure 2: Equivalent structure of impedance source inverter

The ZS| hastwo operating modes:
1. Non shoot-through mode
2. Shoot-through mode

The non shoot through state of the Z-source is the one of the active switching states of the ZSI. When
the Z-source inverter is working in non shoot through states during time interval T, the diode D ison, and
the H-bridge inverter can be considered as a current source |, . Thus, any desired output voltage can be
obtained by properly selecting the boost factor and the modulation index regardless of the battery bank
voltage.

3. ANALYSISOFBCMLI

The multilevel inverters have drawn tremendous interest in the power industry. Cascaded H-bridge inverter,
which is composed of a series of single phase H-bridge power cells, which are well suited for use in
reactive power compensation. It may be easier to produce ahigh power, high voltageinverter with multilevel
structure because of the way in which the device voltage stresses are controlled in the structure. The unique
structure of multilevel inverter (ML1) allows them to reach high voltages with low harmonics without the
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use of transformersor series connected synchronized switching device. Thevoltage stressacrossthe inverter
switchesare reduced in CMLI or inBCMLI. Asthe number of voltage level increases, the harmonic content
of the output voltage waveform decreases. A CMLI consists of a series of H-bridge inverter units [12-15].
Thework of MLI isto synthesize adesired voltage from several separate DC sources. To reduce the battery
counts with best possible back up period, the conventional CMLI isinterfaced with boost converter named
BCMLI isshown in the Fig. 3. The handling of boost converter circuit is simpler than battery banks. Each
H-bridge has separate DC source or equivalent solar PV, which is interconnected with each other in series
manner through the proper switching of CMLI.

The equivalent structure of boost chopper develops the output voltage of 75V with the input of 12 V.

4. SIMULATION MODEL OF ZSI SYSTEM

The simulated model of maximum boost ZSI system is shown in Fig. 4. The DC power obtained from the
solar panel is stored in battery (12V, 85Ah). The battery voltage is boosted using maximum boost ZSI
circuit and the pulses for the maximum boost ZS| are generated by using maximum boost control method.
The AC output is given to AC load arrangements through L C filter.
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Figure 3: Sructure of boost cascaded multilevel inverter
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Figure 4: Simulation model of ZSI system
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The simulated maximum boost ZS| network output voltage is shown in Fig. 5. The maximum DC
voltage of 240V is obtained when the switching takes place at shoot through states. In single phase system,
the voltage anxieties across the ZSI switches are moderate but in three phase system, the voltage level
which has been boost by impedance network is around 600 V. So, this acts as a voltage anxiety across ZS|
switches. S0, voltage stressis occurred acrossthe H-bridge inverter switches. Inthisinstant, the controllability
of the battery parametersis unstable. Hence, the entire system parameters are under damping conditions.

The smulated circuit of BCMLI is shown in Fig. 6. The DC voltage of 12V is boosted to 75V using
boost converter. The obtained boost output is fed to each H-bridge of multilevel inverter.
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Figure 5: Maximum boost output voltage (240 V)
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Figure 6: Sructure of boost cascaded multilevel inverter
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The DC output voltage and boost chopper output voltage waveforms are shown in Fig. 7. The input to
the chopper is 12V and boosted to 75 V using boost chopper, which is the voltage anxiety across each H-
bridge. Compared to single phase ZS| systemthe voltage anxiety acrossthe MLI switchesare very low. The
control parameters of the battery banks are under stable operation.

The output phase voltage waveform of 7-level multilevel inverter fed three phase induction motor drive
system is shown in Fig. 8. From the obtained result it is viewed that the output phase voltage of multilevel
inverter is 300V. Harmonic analysis is made for the Z-Source and BCMLI systems as shown in Fig. 9 and
Fig.10 respectively. From the attained THD spectrum, it is understood that BCMLI generates reduced
voltage THD.

SOLAR PANEL INPUT VOLTAGE

BOOST CHOPPER OUTPUT VOLTAGE
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Each H-B

Figure 7: DC output voltage and boost chopper output voltage waveform

Figure8: BCM LI Output voltage (300 V)
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FFT analysis
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Figure 9: THD spectrum of Z-source inverter
FFT analysis
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Figure 10: THD spectrum of BCMLI inverter
Tablel
System Comparison
Sngle Phase System \pltage Sress across Battery Discharge
Inverter Saitch (V) Current (A)
Proposed Maximum boost ZSI System 240 Very Large
Proposed Boost CMLI System 75 Small

8. CONCLUSION

Inthis paper acomparative analysis was made between ZS| topology and BCMLI topology for the maximum
utilization of DC power. The advantages of Buck-Boost operation at one stage, minimizes the component
countsand reduced cost but also, hasthe demeritsof high voltage stressand bulky filter circuit requirements.



Performance Analysis of Z-source and Boost Multi Level Inverter 3605

The voltage stress acrossthe inverter switches of BCMLI wasclearly discussed and concluded that BCMLI
generates reduced harmonic content in the output voltage with reduced filter component.
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