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ABSTRACT

In general, multilevel inverters (MLIs) are regarded as advanced power conversion systems required for medium-voltage and high-power
applications. The purpose of this article is to provide an overview of recently investigated MLI topologies classified into various categories
based on the transformer requirement such as the transformer less (TL-MLI) and transformer-based (T-MLI) with single and multi-source
topologies of symmetric, asymmetric, hybrid and single DC sources for renewable energy applications. For the previous few decades,
multiple new variants of each group have been developed. The design and functioning of each topology, as well as each group, are examined
in this study. T-MLI topologies of H- bridge, three-leg inverter-based, and other T-MLI configurations are discussed from a

configuration standpoint. Each topology’s state-0f-the-art of both MLI configurations and problems are treated separately. Furthermore, the
disadvantages and benefits of each topology have been thoroughly addressed. Finally, a comparison of existing topologies is conducted to
determine the optimal topology based on several performance characteristics and the cost evaluation has been presented. This article
provides a comprehensive overview of recently developed multilevel inverters and provides a solution for developing the MLIs for future
research on renewable energy applications.

Keywords: Multilevel inverters (MLI),Transformer less MLI (TL-MLI),Transformer-based MLI (T-MLI),Cost function (CF),Renewable
energy applications
of single-stage multilevel inverters are explained in [5].This survey deals

1. INTRODUCTION with the suitable balance plot has likewise been proposed for low
Multilevel inverters are utilized generally in the regular exchanging recurrenceoperation of the proposed topology. In addition, a
applications due to the high voltage capacity and it delivers 15- level inverter with awry source setup has been likewise examined for
the multilevel with low composition with least concern in the charge adjust control utilizing the proposed tweak plot is mentioned in
exchanging gadgets. Contrasted with the traditional single [6].Expanding requests for control supplies have added to the number of
scaffold inverter the multilevel inverter lessens the music due inhabitants in high recurrence air conditioning (HFAC) control conveyance

framework (PDS), and keeping in mind the end goal to build the power

to the multi exchanging. The multilevel inverter produces o \ ° ; - .
limit, multilevel inverters (MLIs) often times filling in as the

distinctive voltage levels by shifting the exchanging grouping

of the inverter. In multilevel inverter as the quantity of voltage highrecurrence (HF) source-organize have acquired a conspicuous
levels expanded the sounds delivered in the yield waveform improvement was discussed in [7].Fell multi level inverter (MLI). Every
diminishes moderately. The module is comprised of H-and semi extensions, two detached equivalent dc
straightforwardness of fell H connect multilevel inverter has a source and a two directional assistant track. One crutch of the H- connect
tendency to utilized as a part of numerous applications and the half -connect are hack and the comparing incurable are associated
discussed in [1].The function and great execution of the with the two finishes of an equivalent divide dc source are represented in
anticipated multilevel inverter have been checked by the [8].In this survey , it has been outlined the upside of incorporating into
reenactment aftereffects of a solitary stage nine-level the controller plan of a hilter kilter nine-level inverter, when consonant
symmetric and 17-level asymmetric multi level inverter and current moderation targets are sought after, a point by point investigation of
trial consequences of a nine-altitude and 17- stage inverter. its non-direct unique conduct. discussed in [9].The commitment can be
Subsequently  the  recommended  structure  prompts separated into three sections, specifically, For three-stage lattice associated
diminishment of establishment territory and cost and has applications, PV confuses may present uneven provided control, prompting
straightforwardness of control strategy represented in [2]. This unequal framework current. To illuminate this issue, a control conspire
topology can build the quantity of yield energy stage by with adjustment pay is additionally proposed. A trial three-stage 7-level fell

H-connect inverter has been fabricated using 9 H- connect modules are

utilizing lesser amount of energy electronic gadgets, for '
represented in [9].

example, switch, thyristor family, driver circuit and dc
electrical energy sources that prompt decrease in

establishment gap and rate of the inverter with various Il PROPOSED METHODOLOGY

Calculation explained in [3]. Proposed SOP method licenses In this topology is built using the combination of power
multilevel inverter to work at a normal gadget changing semiconductor devices. The proposed multilevel inverter
recurrence constrained to evaluated key recurrence without topology is shown in Fig 1a. The switches and DC voltage
trading off on consonant twisting are discussed in [4]. This source combination is in parallel with the bypass diode. It
survey considers accomplishing the base aggregate has two operating modes. When the switch T1 is on state,
symphonious mutilation (THD) or recurrence biased THD voltage appears across the diode D1 is Vdcl. Hence the
(WTHD) of the stairway -regulated yield voltage value of output voltage is 2Vdc
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(Vdcl+Vdc2). When the switch T1 is in off state, the
bypass diodes are conducts to generate the Vdc output
voltage.

]

-
«
(=]

1
A\

A

Vdc2 "

Fig 1a: Basic Structure of proposed topology

For generating the output voltage, the highest number
of cascading connection of multilevel inverter levels is
needed. When compared to asymmetric inverter,
symmetric inverters produce minimum level of the output
voltage. Figurelb shows the proposed topology of
multilevel inverter for generating a 63-level output voltage.
The binary sequence ratio is 1:2:4:8.The desired output
voltage level is produced by a combination of H-Bridge
inverter and reduced switch configuration. The generalized
formula for multilevel inverter configuration is shown in
Table 1. The proposed topology for generating 63-level
output voltage in both positive and negative sequences is
shown in Table2.
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Fig 1b: Proposed Configuration

TABLE | Different parameters used for proposed multilevelinverter

© 2023, IJ]SREM

Quantity Values

Dc Sources 2nwheren=0,1, 2...
Ratio of DC Sources 1:2:4:8

Number of Switches k+4

Number of DC Sources k

Number of Diodes k + 4 Number of
Driver

| www.ijsrem.com

Circuit k+4  Number of

level2k+1 -1

MODULATION TECHNIQUES

Pulse width modulation is an effective technique for
controlling the multilevel inverter output voltage. Normally
sinusoidal pulse width modulations are used to achieve the
desired output voltage. The proposed topology switches are
triggered by using the trapezoidal

reference with a triangular carrier wave. This technique
provides better performance output voltage compared with
the sinusoidal pulse width modulation technique. The
combination of two slopes and one horizontal line makes
the trapezoidal reference waveform. Generally, triangular
reference waveform attained by limiting the magnitude
value of the waveform. The angle horizontal lineof the
waveform will be

20=(1-0)=m @

Where o is called as the triangular factor.

If the triangular factor is o=1, the waveform shape willbe
triangular. The shape of the waveform is purely depending on
the location of the slope angle (o). Fig 2shows the various
angle of slope for the triangular waveform. A mathematical
formula for calculating the different slope of a different order
is given by

ﬁ._,,=§ I F (8)sinné d

Where
1

F(6) = {:ﬂ«: 6 < 90
la=< 8 <90
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Fig 2: Trapezoidal References of Various slope angle
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If the slope angle moves towards 90 degrees, the harmonic
order value decreases. Fig 3 shows the different harmonic
orders for different slope angles. In this paper, the slope angle
will be considered as 60 degrees.
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Fig 3: Different harmonic orders for different slope angles

In this paper unipolar reference is considered for generating
the switching pulses.

Table 11 Switching states of the proposed configuration

|
\[—H A L
Switching ~ S1 S2 S3 S4 S5 S6 S7 S8 S9 P = P T
state ’—I-@—JE by
Vdc3 OFF OFFON ON OFF OFF OFF OFF OFF o8
Vdc2 OFF ON OFF ON ON OFF OFF OFF ON _tL.H_D..D_.
Vdcl ON OFFOFF ON ON OFF OFF ON ON ﬁ
0 OFF OFFOFF ON OFF ON OFF OFF OFF TﬁﬂE S
0 OFF OFFOFF OFF ON OFF ON OFF OFF
—Vdc1 ON OFFOFF OFF OFF ON ON ON ON
—Vdc2 OFF ON OFF ON OFF OFF ON OFF ON |
—Vdc3 OFF OFF ON OFF OFF ON ON OFF OFF =
Fig 5 Pulse generator block
V. Proposed Simulink model
The proposed topology needs 3 separate DC sources to generate the
output voltage, so the separate DC sources are replaced by the .
photovoltaic panel. In this paper, a 100W solar panel is considered. ')
Fig 4.18 shows the proposed topology integrated with a solar PP Conles ;
panel.  —
For a conventional type solar panel integration requires high gain
converters and separate MPPT technique for achieving the required >
output voltage. So, the system will be very bulky and complexity ¥ :
PV Panel Buck-Boost Converter Battry Gharge Cortrolr
Fig 6 Solar Generation Block
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The figures 9 and 10 show the House hold supply

voltage and current respectively fed to the system.
Designing of PV based symmetrical inverter

system is done using MATLAB simulation. In this work in
order to convert DC into AC 7 level inverter is used

.By using higher level of inverter switching losses are reduced

and the output obtained is in staircase form which is in 7
levels and hence it has less distortion and almost pure
sinusoidal waveform can be extracted.

- - . e o =
Flgure ll FFT analysis of multi-level |nverter
(5]
2
5 Figure 11 shows the THD value of 7 level inverter whichcomes
to 7.27% using FFT analysis.
B ‘ ‘ In Comparison with our base paper Following areTHD
Figure 7 Repeating Logic Mg € and create the PWM value of base paper
pulse
Table 111 % THD of MLI
[ e F Level Percentage of THD
1 TTITRE L Content (9
— 3 65.96
=TT g
& fE===S==2 10.27
20 R i |
= RERRRERR Y
: , : : [ Table IV % THD of MLI
be| || 1] FiESSESNE Pereentage of  THD
i i ) TIME Content (%)
3 51.96
5 27.20
7 7.27
Above table shows that the value of THD is found to be
S reduced as the number of voltage level of MLI is increased.
g [30]. Hence the 7-level inverter has least valve of THD as
g compared to lower levels of MLI. Therefore, it will give more
sinusoidal output waveform than the lower levels MLIs.
o TIME
Figure 9 Voltage (V) vs Time (sec) plot REFERENCES
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