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Abstract

Owing to the advantages of the distributed generators and hybrid energy system, the inverter with more than one dc
source is now increasingly investigated. This paper presents a control scheme for single phase quasi Z source inverter
(qZSI) network based on Cascaded H-bridge five level based boost inverter using the Simple Boost Control (SBC).
The harmonic analysis is carried out and simulated results are presented for equal and unequal dc input voltages across
the inverter. The successful application SBC for closed loop control of qZSI based converter is the primary
contribution of this work. The theoretical analysis of the switching states, PWM control scheme is presented with
harmonic analysis.
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Introduction

The multilevel inverters holds much more advances and challenges for the power conversions and has the advantage
over the three level pulse width modulation particularly with the invent of renewable energy.

The multilevel inverters have a several advantages such as improved quality output waveform, lower total harmonic
distortion (THD), low electromagnetic interference and smaller filter size [1]. Using the additional boost converter it
increases the cost and component count with lower efficiency [2].

There are three general topologies of multilevel inverters, such as flying capacitors, neutral point clamed, and cascaded
H-bridge (CHB) inverters. The CHB inverter has advantage as compared to the other topologies due to its uniqueness
in modularity and independent input sources. An effective control method for control of open loop CHB is presented
in most of the literatures and particularly increasingly applied to solar and renewable energy applications [3]. The
multilevel inverters are now used for majority of power system applications [4,5]. A class of Quasi Z source inverter
(qZSI) with the acceptance of symmetrical shoot through is been addressed in [6,7].

In conventional voltage source inverter (VSI) the obtainable ac output voltage is usually lower than the dc input
voltage, therefore an additional dc-dc boost converter is needed to generate the desired ac output voltage [7] And this
extra boost converter increases the complexity of power converter and this is replaced by the qZSI [8]. The important
challenge in multilevel inverter is the closed loop control design. SBC is particularly useful in multilevel inverter.
Therefore this paper revels the use of SBC in multilevel inverters and presents some investigations on harmonics and
closed loop control strategies with respect to equal and unequal voltages.
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Methodology
The proper control scheme is required for the proposed topology to simulate and hence, a control strategy for the with
equal capacitor voltages and independent controls is shown in the below Fig. 1.
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Fig. 1: The Proposed Control Scheme
The capacitor voltage of each module is controlled with the help of a simple proportional-integral-derivative (PID)
controller. The output error of the comparator is given to the PID controller after comparing the sensing capacitor
voltage with the reference value. And then the control value of Shoot through duty cycle is produced with the output
of the PID controller. And to ensure a shoot through duty cycle range a limiter is used. The input output relation with

respect to shoot through duty ration D is given in equation 1 below:

1.
Ve = ) Vin (1)

Result and Discussions

In order to validate the proposed SBC method, MATLAB simulation is used. The parameters used for the proposed
topology are accordingly, power rating is 1.2 KVA, inverter output voltage is 110 V,,, output frequency is 50 Hz,
Inductors 2 mH, capacitor is 1000 mF, Load Inductor is 1 mH and switching frequency is 10 KHz.
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Fig. 2: Simulation Result in Closed Loop when Vdcl = Vdc2 = 150V. From Top to Bottom (a) Input Voltages
of Both the Modules, (b) Capacitor Voltage, (¢) Five-Level Output Voltage Without Filter, (d) Five-Level
Output Voltage With Filter

In the closed loop control, here the voltages of both the modules are kept equal that is, Vac1 = Vi = 150V, to investigate
the working under balanced input condition. Fig. 2 shows the simulation result in closed loop control of the proposed
qZSI based on CHB when both the input voltages are same. The capacitor voltage is boosted in steady state after the
step change time in 0.1s, and the output voltage has five-level. The change in reference input across the capacitor
shows the corresponding change in capacitor voltage and consequently the change in amplitude of the output voltage
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waveform. The inverter output with and without filter are shown at the bottom of this figure. .
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Fig. 3: Simulation Result in Closed Loop when Vdcl =150V, Vdc2 = 160V. From Top to Bottom (a) Input
Voltages of Both the Modules, (b) Capacitor Voltage, (c) Five-Level Output Voltage Without Filter, (d) Five-
Level Output Voltage With Filter.

In the closed loop control, here the input voltage of the second module is increased and are kept as, Vg1 = 150V, Ve
=160V, to investigate the working under unbalanced input condition. Fig. 3 shows the simulation result in closed loop
control of the proposed qZSI based on CHB when both the input voltages are unequal. The capacitor voltage is boosted
in steady state after the step change time in 0.1s, and the change in reference input across the capacitor shows the
corresponding change in capacitor voltage and consequently the change in amplitude of the output voltage waveform.
The inverter output with and without filter are shown at the bottom of this figure.

The different values of THD are considering the variation of input voltages in open loop and closed loop, for equal
voltage THD is 3.67 % and for unequal input voltage THD is 3.98 %.

Conclusions

1. A Quasi Z source based on cascaded H-bridge five level boost inverter has been simulated in this paper
including its closed loop control strategy with the variation in the input dc-voltages under balanced and
unbalanced condition.

2. The proposed inverter has the advantage as it has five-level output voltage, the component count decreases
and this also has the shoot through immunity.

3. The PWM control strategy with simulation result and THD analysis are shown in this paper of the qZSI based
on CHB. The SBC applied to CHB is presented with effective control strategy.
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