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 ABSTRACT:  

The strategy used to generate 5-level 

output voltage with a three-phase full-

bridge circuit and additional 

bidirectional switch was to split a dc 

voltage source using two capacitors. The 

issue of voltage imbalance between the 

splitting capacitors and output voltage 

restriction to the value of the input 

voltage source are both associated with 

this setup. The unit topology for a three-

phase, 5-level multilevel inverter, MLI, 

is proposed in this study. It comprises of 

an H-bridge circuit, a capacitor, a 

charge-discharge unit, and a dc source in 

each phase-leg. The interface between 

the H–bridge and the dc source is the 

chargedischarge unit with the capacitor. 

The suggested unit cell can synthesise 9–

level output line voltage waveforms by 

generating a 5–level phase leg output 

voltage waveform with a peak value 

twice the input voltage value. The  

 

suggested circuit's most notable 

characteristic is its ability to raise output 

voltage. The findings of simulations and 

prototype experiments are provided. 

Keywords: Inverter, switched-capacitor, 

multilevel converter, total harmonic 

distortion. 

I INTRODUCTION 
 Multilevel inverters (MLIs) have 

demonstrated tremendous promise in 

power electronics applications since their 

inception. MLIs are increasingly being 

used for renewable energy integration 

due to their ability to reduce output 

harmonics and enhance output voltage 

without the need of a transformer. 

Traditional known MLI topologies such 

as diodeclamped flying capacitor (FC) 

and cascaded Hbridge (CHB) have been 

extensively investigated for electrical 

energy conversion systems. Extensive 
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investigation into these traditional 

multilevel inverter topologies has shown 

that they have intrinsic limitations. 

Multiple isolated voltage sources are 

necessary in a cascaded H-bridge system, 

and the number of power switches 

required increases dramatically as the 

number of output voltage levels 

increases. Furthermore, voltage 

balancing across dc-link series capacitor 

banks exists in both neutral-point-

clamped and capacitor-clamped 

inverters, demanding complicated and 

advanced control/modulation 

approaches. In light of these flaws, 

research efforts have shifted to the 

development of new MLI topologies 

with improved performance. Many of 

these are variants of full-bridge inverters 

and traditional MLI setups. 

Because of its voltage boosting 

capabilities and adaptability, CHB is a 

dominating architecture for renewable 

energy conversion systems among the 

traditional MLI topologies. The research 

tendency recently has been to modify the 

Hbridge using module topologies with 

great compactness and fewer switches. 

The newly created module topologies 

may provide greater voltage levels while 

also increasing efficiency. The CHB 

switched DC sources idea is primarily 

kept since it's a common way to generate 

numerous voltage levels. The main 

notion of module topology is the addition 

of additional circuitry to increase the 

voltage level across the H-DC bridge's 

connection. Switched capacitor banks 

and/or separate voltage sources This 

enhancement will make it easier to 

handle voltage level production and 

output voltage steering separately. The 

works provided here are some of the 

most recent inverter topologies, along 

with the control schemes that use the 

aforementioned idea. Overall, the goal is 

to get a high degree of pre-stepped 

output voltage waveform that can be 

impressed on an H-bridge for voltage 

inversion. 

II. LITRATURE SURVEY 

 
 H. Akag,   This study presents a historical 

review of multilevel converter topology, as 

well as a discussion of nomenclature and 

attributes. Three-level neutral-point-clamped 

(NPC) and neutral-point-piloted (NPP) 

inverters, three-level and four-level flying-

capacitor (FLC) inverters, and a series of 

modular multilevel cascade converters are 

among the multilevel converters available. 

Some have already been put to commercial 
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use, while others are still in the research and 

development stage. This research focuses on 

six modular multilevel cascade converter 

family members designed for grid-tied 

applications and medium-voltage high-

power motor drives. 

P. Kala and S. Arora,   Multilevel inverters 

(MLIs) have been widely used in various 

industrial and grid-connected applications 

during the past several decades owing to 

their many advantages. Traditional MLI 

topologies are being hampered by the recent 

growth of renewable energy systems (RES) 

owing to performance difficulties such as 

poor power quality, uneconomical structure, 

and low efficiency. The researchers have 

been drawn to developing novel hybrid MLI 

topologies because of the performance 

concerns and limits in traditional MLI 

topologies. On the basis of certain 

qualitative and quantitative performance 

criteria, this study conducts a complete 

examination of these latest hybrid MLI 

topologies. The impact of MLIs on grid-

connected renewable energy applications 

such as photovoltaic (PV) systems, wind 

energy conversion systems (WECS), and 

micro-grid has received special attention. 

Simulation findings in the 

MATLAB/Simulink environment are also 

offered to provide a better understanding of 

the functioning and performance of various 

MLI topologies. 

C. Cecati, F. Ciancetta, and P. Siano,  A 

dc/dc booster and a pulsewidth modulated 

(PWM) inverter are common components of 

photovoltaic (PV) converters. This converter 

cascade has concerns with efficiency, 

interactions between its stages, and 

monitoring the maximum power point. As a 

result, only a portion of the electrical energy 

generated is used. The authors present a 

single-phase H-bridge multilevel converter 

for PV systems that is controlled by an 

integrated fuzzy logic controller 

(FLC)/modulator in this research. The 

suggested system's innovative features 

include the use of a completely FLC (which 

eliminates the need for an ideal PWM 

switching-angle generator and proportional-

integral controller) and an H-bridge power-

sharing algorithm. A mixed-mode field-

programmable gate array handles the 

majority of the signal processing, resulting 

in a fully integrated System-on-Chip 

controller. The system's overall design as 

well as its primary performance in a wide 

range of real-world scenarios are shown and 

reviewed. The suggested technology 

outperforms two-level inverters, especially 

at low-medium power levels. 
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III. FIVE-LEVEL BOOST 

MULTILEVEL INVERTER 

 

 A Boosting Five-Level Multilevel Inverter 

With An Output Voltage That Is Double 

That Of The Input Voltage. Only eight 

switches are used in the developed topology, 

two of which are without an anti-parallel 

diode. Although the proposed inverter has 

several switching states, only six valid 

switching states are used to provide the five-

level output voltage, as shown in Table 1. 

 

Table 1. Switching states of the five-level 

inverter 

 

Fig1:five-level inverter 

IV. PROPOSED THREE-PHASE, 

5-LEVEL MULTILEVEL LEVEL 

INVERTER 

 In light of these flaws, this study presents 

an architecture for a three-phase, 5-level 

multilayer level inverter's output voltage 

increase. The suggested inverter 

arrangement addresses the output voltage 

constraint that is present in and its 

descendants. As a result, using a single dc 

input, the proposed three-phase MLI can 

synthesise a 5-level output voltage 

waveform with an amplitude twice that of 

the input voltage value. Furthermore, since 

just one capacitor bank is employed, voltage 

imbalance is not a concern. In terms of the 

output voltage waveform and spectrum, the 

suggested three-phase inverter construction 

is operationally similar to that provided in. 

However, the significant difference, and 

therefore the improvement, seems to be 

observed in the increased output voltage 

value and the lack of splitting capacitor 

banks, as well as the imbalance issue that 

comes with them. Furthermore, as compared 

to the typical CHB inverter, the suggested 

inverter design has a lower component count 

and is comparable to the arrangement in for 

the same output voltage level. The switching 

functions and operational concepts are 

examined. To prove the validity of the 
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suggested inverter, simulation and 

experimental data are shown. 

 

Fig 2. Single-phase 5-level inverter 

configurations. (a) Inverter configuration 

presented in (b) proposed per phase inverter 

module 

 

Fig. 3. Proposed per phase inverter module 

operational modes. 

Circuit configuration and operation 

 The power circuit of a phase leg of the 

proposed three-phase multilevel inverter 

architecture is shown in Fig. 2(b). An H-

bridge, a capacitor bank, a simplified 

charge–discharge circuit, and a dc source are 

all included in this module. The charge-

discharge unit connects the H–bridge to the 

dc source through the capacitor bank. Two 

active switches and a diode make up the 

charge-discharge unit; one of the switches 

lacks a free-wheeling diode. This guarantees 

that the capacitor bank discharges in a single 

direction. The appropriate regulation of the 

switches in the H-bridge and the charge–

discharge circuit in this inverter unit may 

create 5 output voltage levels: 0, Vs, 2Vs, –

Vs, and –2Vs using this circuit components 

configuration. The main operating modes 

are depicted in Fig. 2(a) for the positive half 

cycle of the synthesised output voltage, vAn 

(c). Table 2 summarises the switching states 

of the power switches and the related 

synthesised output voltages. Figure 4 depicts 

the suggested threephase inverter 

construction using the stated inverter 

module. 
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Table 2. Switching States And The 

Synthesized Output Voltages In A Phase 

Leg. 

 

 

Fig.4. Proposed three-phase multilevel 

inverter. 

 

Fig. 5. PWM switching scheme in a module 

of a phase leg in the proposed three-phase 

multilevel inverter configuration. 

V. OPTIMIZED CONTROLLED 

RESULTS AND DISSCUSSIONS 

 MATLAB Simulink and Plecs simulations 

were run with an arbitrary RL load of 25 and 

85 mH, respectively. 3kHz is the 

carrier/switching frequency. The dc input 

voltage, VS, is 100V in each phase, and the 

capacitor, C, has a capacitance of 2500F. 

For a modulation index of 0.9, Fig. 6 (a) and 

(b) illustrate the simulated inverter output 

voltage and load current waveforms. 

 

Fig. 6. Simulated inverter output voltage and 

current waveforms. (a) Phase voltages; (b) 

Line voltages and currents. 
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Fig. 7. FFT analysis result of the inverter 

output line voltage. 

The spectral analysis result of the 

synthesized inverter output line voltage 

waveform is displayed in Fig. 7. Therein, 

THD value of 16.20% is achieved in each of 

the output line voltage waveforms. 

 

Fig. 8. Experimental inverter output voltage 

waveforms. (a) Output phase voltages, van, 

vbn, and vcn; (b) Output line voltages, vab, 

vbc, and vca 

 

 

Fig. 9. Experimental inverter output line 

currents, ia, ib, and ic 

 

VI. CONCLUSION   

     In this paper, an inverter topology for 

output voltage boost of a three-phase, 5-

level multilevel level inverter has been 

presented. The switching principles, 

modulation scheme and switching functions 

have been given in detail. Out of the six 

power switches in each phase-leg cell, three 

switches are simultaneously turned on for 

the synthesis of any of the output voltage 

level. Two of these switches are pulse-width 

modulated while one is switched at the 

fundamental frequency; this ensures 

minimum number of switching transitions 

among the power switches. Each phase-leg 

module of the proposed MLI can synthesize 

a maximum of 5-level output voltage 

waveform; whose amplitude is twice that of 

the single input voltage source. For 
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modulation index of 0.9, the frequency 

spectra of the synthesized output line 

voltage waveforms of the proposed inverter 

configuration have been shown. The 

operation of the proposed inverter topology 

has been demonstrated through simulations 

and laboratory experiments on the proposed 

inverter for an R-L load; results have been 

adequately presented. 
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