© 2024 IJRTI | Volume 9, Issue 12 December 2024 | ISSN: 2456-3315

Assessment of Multilevel Inverter Power Quality
Performance with Fewer Switching Devices and
Lowest Standing Voltage

K.Swathi!, P.Jahnavi?, T.Karthik®, V.Pradeep*
A.Bala Raja Ram(Ph.d)®, Dr. R.S.R.Krishnam Naidu®
12348, Tech Students, Dept. of EEE, NSRIT, Visakhapatnam, AP
5 Assistant Professor ,Dept. of EEE ,NSRIT ,Visakhapatnam ,AP
® Professor, Dept. of EEE, NSRIT , Visakhapatnam ,AP
NSRIT-Nadimpalli Satyanarayana Raju Institute of Technology
Abstract

Multilevel inverters (MLIs) have been widely used to enhance photovoltaic (PV) systems' power quality. However, the efficiency of the
system is significantly impacted by the requirement for a large number of components, a greater standing voltage, and a high harmonic content in
the typical MLI's output. Therefore, asymmetrical MLIs have been created as a good substitute to deal with these problems. The goal of the current
study is to create a hybrid asymmetrical structure with a high level per component ratio and a minimal standing voltage that is appropriate for PV
applications. A reduced switch H-bridge based (RSHB) MLI structure with n asymmetrical repeating units and various level doubling circuit
(LDC) combinations is used to build the suggested MLI. The suggested MLI structures, i.e., PS1 and PS2, may synthesise 4n+5 and 4n+7 levels,
respectively, at the output instead of 2n+3 levels with only RSHB MLI. The two dc sources utilised in the repeating units are in the ratio of 1:n
voltage ratio. According to a comparative examination, PS1 and PS2 are less expensive, have fewer switches, less standing voltage, and reduced
power loss. The PS1 structure's performance is assessed using a 3.9 kW standalone solar PV system that employs both carrier-based pulse width
modulation (PWM) and selective harmonic elimination (SHE) control techniques. Therefore, the LDC's self-voltage balancing mechanism and dc-
link voltage balancing are justified. The suggested MLI is extensively simulated using the MATLAB/Simulink platform under various conditions,
including step changes in solar insolation, abrupt load changes, frequency changes, and modulation index changes. Additionally, a prototype of the
suggested seventeen-level MLI is subjected to comparable testing in order to empirically corroborate the theoretical and simulation results.

INTRODUCTION

In recent years, MULTILEVEL inverters (MLIs) have emerged as a new type of power electronics converter.
When compared to traditional two-level inverters, MLIs may provide high-quality output at lower switching frequencies, which reduces
electromagnetic interference, voltage stress, output harmonics, switching loss, and other issues during the electrical energy conversion process
[1], [2]. Research emphasis has drawn ML for a variety of applications, including electric drives, electric cars, railroads, aviation, and renewable
energy systems, because of their proficiency in resolving the aforementioned problems [2]-[5]. MLI generates a staircase output by correctly
arranging dc-link, semiconductor switches, diodes, and capacitors. Three general categories may be used to classify MLIs: single dc-source diode
clamped MLI (DC-MLLI), single dc-source flying capacitor MLI (FC MLI), Cascaded H-bridge MLI (CHB MLI) with numerous dc-sources [6]—-
[9]. Regarding voltage balance, design complexity, size, and cost, the CHB MLI has several benefits [5, 10]. Because of this, CHB topology is
primarily taken into consideration by researchers for progress and is appropriate for applications ranging from low voltage (230 V) to higher
voltage (>10 kV) [11]. Researchers' first priority is to reduce the number of semiconductor switches in MLI. In this regard, a number of MLI
topologies that address the previously listed problems have recently been designed. An effort has been made to lower the number of device
counts in [12]-[14]. Almost half as many switches are needed for these topologies as for a traditional CHB MLI. However, the switches' ability
to operate in high voltage applications is limited by increased voltage stress. In contrast, a small number of optimised MLI structures created in
[15], [16] enable the synthesis of several levels at the output with fewer switches. These topologies have the intrinsic ability to produce negative
levels, unlike the CHB MLI. It is crucial to remember that one of the most significant factors to consider when planning the MLI for certain
applications is voltage stress. In response to this worry, the authors of [17], [18] have proposed novel MLI topologies that use a strategy to lower
both the voltage stress and the number of devices. One well-known method for producing many levels at the output is to use dc sources of the
right magnitude. Examples that use this method include the topologies in [19], [20]. In order to synthesise all of the appropriate output voltage
levels, the authors have created a number of methods for determining the dc source magnitude. The selection of suitable algorithms is a key
factor that will result in generation of maximum possible levels with low voltage stress on the switches. Apart from the popularity
and vast application of H- bridge based MLlIs, the design of different hybrid MLI structures is also one of the current research
themes. For instance, a compact module type MLI in [21], MLI in [15], [22], packed U cell MLI in [23], [24] produces multilevel
output without the requirement of an H-bridge. In such a case to increase the number of levels, these modules/basic units canbe
cascaded. On the other hand, the invention of level doubling circuit (LDC) is a major contribution towards the advancement of
MLI technology [25].
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Il. PROPOSED MLI DESCRIPTION

Fig. 1(a) displays a generalised schematic representation of the suggested reduced switch H-bridge based (RSHB) MLI with LDC. Combining multiple repeating
units (1, 2, ..., n) with an H-bridge, the RSHB MLI is made up of one diode, one semiconductor switch, and two dc sources. Generally speaking, the RSHB MLI can
use n repeating units to generate 2n + 3 levels at the output. The repeating unit's switches and diodes cannot operate at the same time. The output of a single repeating
unit is Vdc/n while the switch Sn is off. However, the output (Vrn) will be Vdc + Vde/n when the switch Sn is turned on, where Verl, Ver2,..., Vern = Vdc and
Verl/n, Ver2/n,..., Vern/n = Vde/n. T1 and T2 are in charge of creating the positive polarity, while T3 and T4 are in charge of reversing it.

A. Proposed Structure 1 (PS1)

The cascaded configuration of the suggested RSHB MLI and LDC1 is the first suggested structure (PS1). As seen in Fig. 1(a), the LDC in PS1 is nothing more
than a semi-H-bridge made up of two switches and a single capacitor. To prevent the source from being shorted out, the switches K1 and K2 in LDC1 should turn ON
in alternate orders. Furthermore, K1 and K2 mostly function in the positive and negative half cycles, respectively. Compared to the output generated by the RSHB
MLLI, the number of levels may be nearly doubled with just two extra switches. For example, PS1 uses just nine switches (three repeating units, one H-bridge, and one
LDC1) to provide an output of a 17-level staircase. In terms of the number of repeating units, generalised formulae for the number of discrete diodes (Ndd), number
of levels (NI), number of dc sources/dc-link capacitors (Ndcs), and number of switches (Nsw) are provided in (1-4).

Nowe =0+ 6 (1)
Nat = n (2)
Niee =2n+1 (3)
Ne=4n+5 4)

LDC can lessen the requirement for several switches in order to create a certain level, and PS1 can accomplish a significant decrease in the number of devices.
This work's case study is based on PS1, which produces an output with a 17-level. Fig. 1(b) depicts the output of a 17-level staircase, and Fig. 2 shows the switching
states.
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Fig.1. (a) Generalized proposed MLI structure PS1 and (b) seventeen-levelstaircase waveform.
Fig.2. Switching states of the seventeen-level proposed MLI structure PS1.

Proposed Structure 2 (PS2)

Fig. 3 shows the schematic of the second suggested structure (PS2), which is created by connecting an RSHB MLI in series with
LDC2. When combined with the RSHB ML, the PS2's complete H-bridge LDC can provide output at the 4n+7 level. For example,
PS2 only needs eleven switches (three repeating units, one H-bridge, and an LDC2) to provide a 19-level output. (5-8) provides
generalised formulae for calculating the PS2's component count.

Nsw =n+8 {5)
Nda =n (6)
Nies =2n+1 (7
Ni=4n+7 (8)
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Fig.3. Generalized structure of the proposed MLI (PS2). Fig.4. LDC capacitor discharging and charging mode with full

cycle current through the capacitor.

Two methods (Al and A2) for selecting the magnitude of the LDC bus (Vk) are devised in order to synthesise all the voltage levels. Keep in mind that PS1 doesn't
need an extra voltage source, and its self-voltage balancing mechanism allows it to reach the required LDC bus capacitor voltage of 0.5Vdc. In contrast, PS2's Vk
magnitude need an extra balancing circuit to sustain the magnitude (NI-5)Vdc or 0.5Vdc in order to reach all of the voltage levels. Table | summarises the
magnitudes of VVk and compares the two structures, PS1 and PS2, in terms of NI. Although both the PS1 and PS2 architectures have advantages, the PS1 is used as a
case study for performance evaluation in this work. Structures PS1 & PS2 (A2) are better for high voltage applications since they put less strain on the switches
from voltage. However, PS1 is ideally suited for producing additional levels with a relatively small number of switches and DC sources.

C. Energy and Charge Balancing of LDC

In the event where PS1 is functioning with a phase angle of ¢ while an inductive load is present, the energy that is either absorbed
or supplied by LDC throughout the range of a1 to a2 may be expressed as follows:

(aztp) . 2
P : S . 9
kI Jia, 44y SINE da (9)

E=

where Ip is the peak value of lo and VK is the voltage across the LDC capacitor. If N is the number of voltage steps in the positive
half cycle without LDC, then 2N is the number of voltage steps with LDC, and 4N is the total number of voltage steps with LDC.
One may deduce this from Fig. 1(b). The total energy (E) absorbed or delivered in both positive and negative half cycles is as
follows, taking into account a pure resistive load (T=0) to avoid complicated calculations:

Evve = Vi, ZH [ sine . da (10)

K'p
Eye =Vidy Ty [ sina.da (1

When taking into account symmetrical voltage steps, (11) may be expressed as;

E_ve =Vil, TN, j::':":' ’I” sina.da (12)

(10) and (12) are further simplified as follows for the 17-level waveform seen in Fig. 1(b):

B =Vl 305 f: sina.da (13)
Eovo =WVl 55 :}’_“ sina.da (14)

Since (14), al7=m + al & (@18 = m + a2, may eventually be represented as;

8 mtaz ., c
; . b
i=1 )y 4q, SINC da (15)

E_,. =V, 1,,
According to forms (13) and (15), E+ve = —E-ve; hence, E+ve + E—ve = 0, establishing the LDC's energy balancing
characteristic.
Furthermore, by taking into account any specific voltage level production, the self-voltage balancing capability of LDC can also be
demonstrated. Since the capacitor voltage is crucial for producing the necessary voltage at the output at this moment, let's look at
the voltage level of 3.5Vdc (see Fig. 2). The analogous circuit for the charging and discharging modes is shown in Fig. 4, along
with the current passing through the capacitor and the output voltages of +3.5 and -3.5 Vdc.
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With impedance z taken into account, the average current passing through the capacitor at +3.5Vdc and -3.5Vdc output may be
written as follows:

4~V 4Va

I(+) === (Discharging current) (16)

Va —¥) 4V, .
I.(=) = 24 —A (Charging current) (17)

As a result, the net charge (Q) provided or absorbed in these two levels during time T may be expressed as follows:

Wy =35V + Vi ¢ AV =V, =35V,
e
- [ezta)r )

During the steady-state, LDC will supply or absorb no net charge. Hence, 2Vk — Vdc = 0; that is, Vk = Vdc /2. As a result, LDC
voltage will achieve the intended value without the need for further voltage balancing regulation, as the following sections have
shown.

. Comparison of proposed structures with existing
MLI Topologies & ITS Application

Comparation Assessment

Over the past ten years, researchers have put out a number of MLIs with the goal of lowering the total cost by lowering the number of switches, voltage stress,
static voltage, switching loss, and conduction loss. Thus, both of the generated structures are contrasted in this part with the traditional CHB MLI topology as well
as a number of newly developed MLI topologies (referred to as T1, T2, T3, ..., T9) that were described in [15], [12], [25], [13], [14], [17], [18], [21], & [20]. The
comparative viewpoint takes into account parameters including switching loss (SI), total standing voltage (TSV), Nsw, Ndd, and Ndcs. To synthesise the same NI at
the output, the MLI topologies in [12]-[14], [25] require an identical number of semiconductor switches. When compared to a few recently designed topologies, the
aforementioned topologies accomplish a considerable reduction in the demand of Nsw. Nevertheless, Fig. 5(a) makes clear that PS1 and PS2 see a sharp decline in
Nsw usage. A comparison of the MLI topologies in terms of Ndd vs NI is shown in Fig. 5(b). The only circuit topologies that use more discrete diodes than the
suggested architectures are the MLI topologies in [17], [18]. Typically, the isolated dc source count determines the number of output voltage levels. In order to
employ less dc sources, researchers have concentrated on creating MLI topologies with clever switch configurations. For instance, as seen in Fig. 5(c), the MLI
topologies in [15], [25] require less Ndcs to generate NI voltage levels, but the other MLI topologies, even when compared to the suggested structures, require more
Ndcs. Notably, a few reduced component-based single dc MLI topologies have also been constructed by researchers and published in the literature. These include
packed U cell MLI [23] and series-connected capacitor-based MLI [39]. It takes a lot of capacitors and a single dc source to create numerous output levels. Multiple
dc-link capacitors may result in voltage imbalance or necessitate a sophisticated management method for capacitor voltage balancing. However, the architecture has
the added benefit of redundant switching states, which may be used to provide voltage balancing, and it significantly reduces the requirement for additional dc
sources [23]. As the authors propose, it is also possible to lessen the need for sensors in order to regulate and sustain the appropriate capacitor voltage. This
architecture requires 10 switches to provide a 17-level output, while the suggested MLI (PS1) requires 9 switches.

TSV is also established, which determines an MLI's overall rating, given that the highest current rating of all switches is equal to the peak load current. For
higher voltage applications, it is better to use less TSV. All of the described MLI topologies' TSV variations with NI are displayed in Fig. 5(d), with PS1 and PS2
(A2) having the lowest TSV. For a fair comparison of the MLIs, a factor level per component ratio (LCR) (switch count, drivers count, diode count, and dc source
count) is also taken into account. The PS1 and PS2's greatest LCR value, shown in Fig. 5(e), attests to the designed structures' feasibility. An inverter's efficiency is
significantly impacted by power losses that occur during device switching. The amount of voltage stress (V), current flowing through the switch (l), on and off
timings (tonne & toff), and operating frequency (fs) all affect it. One way to represent the switching loss [16], [40] per switch is as follows:

S } VIt + Logs ) (19)
Sy = puvf (20)

Since each switch in the CHB MLI has an identical voltage stress, the average switching loss expression from (20) may be expressed as 2(NL — 1)V fs, where p =
1 I(ton + toff ). Nevertheless, the switches in the various MLI topologies that were studied experience uneven voltage stress. Switches under high voltage stress
must work at the fundamental frequency in order to minimise switching loss; switches under low voltage stress can function at a high switching frequency.
Therefore, the overall switching loss for PS1 may be written as (NI — 1)(fo + fs/4). Likewise, switching losses for each topology may be computed. The losses in
conduction of the instantaneous voltage and current between the switch and diode are then computed using an estimate of one fundamental cycle. Total power
losses at various output power are calculated in order to evaluate the suggested PS1 MLI with various 17-level MLI architectures. The switching and conduction
losses of the switch and diode are included in the overall power loss; however, the losses related to the control and snubber circuits are excluded. A peak output
voltage of 96 V and the basic frequency switching of the MLIs supplying electricity to a fully resistive load of 80 Q are taken into consideration when comparing
various topologies at the same current level. Because they are unable to create 17-levels at the output, the structures T2 and T8 are excluded from the comparison in
Figure 6. The maximum theoretical efficiency of the suggested MLI is rather high, as shown in Fig. 6(b), as the suggested structure has the lowest total power loss
when compared to the other MLLI topologies, as shown in Fig. 6(a).

Additionally, the suggested PS1 MLI and the commonly used CHB MLI architecture are compared in terms of cost using 17-level, 1.2 k\V MOSFET prototypes.
For symmetric CHB MLI, 32 switches with a blocking voltage of Vdc (input to each H-bridge cell) are needed to synthesise a 17-level output; in contrast, 12
switches are needed for asymmetric CHB MLLI, which takes a voltage ratio of 1:3:4. Nine switches are needed for the planned MLI PS1, including repeating unit
switches that block Vdc, H-bridge switches that block 4Vdc, and LDC1 switches that block 0.5Vdc. The cost comparison of the suggested PS1, symmetric, and
asymmetric CHB MLI depending on the component blocking voltage capacity is shown in Table 1l. The suggested MLI's lowest overall cost—which does not
include the cost of DC sources or PV panels—implies that it is a more affordable option than the CHB MLI constructions.
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Fig.6. Power loss and efficiency comparison between 17-level MLI topologies (a) Total power loss Vs output power. (b) Efficiency Vs output power.

B. Application of Proposed Structure

The advantages of the suggested MLI structures over the traditional MLI in renewable energy systems (RESs) are lower standing voltage, high LCR, and less
component requirements. In order to provide a 17-level staircase output, a PV interfacing 17-level MLI PS1 as seen in Fig. 7 only needs nine switches and six dc
sources of two distinct types (Vdc & Vdc/3). Due to the self-balancing mechanism of the capacitor in LDC, the dc sources that are necessary in only RSHB
structures can be substituted with PV sources in conjunction with dc-dc converters to increase the low-voltage input from PV Literature. The MLI design with a high
penetration of PVs can be justified because of the tremendous growth in renewable-based clean power generation [2], [24], and [41].
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The literature has previously proved the combination's efficacy and dependability. Figure 6 indicates that the suggested MLI has a significantly greater efficiency
and a low total power loss. Therefore, it is anticipated that overall system efficiency will be much greater even when taking into account both the dc-dc converter
and MLI. Furthermore, in such an application, the suggested structure maintains all the properties and flexibility of the widely used CHB MLI in addition to a few
reduced switch MLlIs [24], [42]. Furthermore, it is necessary to take into consideration important aspects like regulating each dc-link voltage, operating the PV
source at maximum power point (MPP), power balancing during PV mismatch, and estimating real-time switching angles. taken care of in such an MLI application.
This work validates PS1's operation using two different rated PV panels: a 175 W PV panel and a 125 W PV panel placed in a 3x3 configuration. Conductance that
is incremental As shown in Fig. 7, the MPPT algorithm is modified to regulate the dc-dc converters, and a separate voltage & current control loop is used to
guarantee dc-link voltage balance.

IV . Control Techniques

As previously stated, there are two main categories of control schemes: low and high switching frequency approaches. The MLI structure PS1 uses a carrier-
based PWM approach (classified as a high switching frequency technique) and the widely used SHE control technique (classified as a low/fundamental switching
frequency technique) to synthesise the output waveforms for the 17 levels of the staircase. Fig. 8 shows a block diagram summary of both control methods together
with their pulse patterns for PS1. The harmonic equations involved in the SHE control approach, which are given in (21) are solved using the evolutionary PSO
algorithm. Lower odd-order dominant harmonics, such as the triplen harmonics (3rd, 5th, 7th, 9th, 11th, 13th, and 15th), are the focus of removal, assuming
symmetry in the output voltage waveform. Even-order harmonics are missing. On the other hand, in the line-line voltages of a balanced three-phase system, the third
order harmonic multiples would not exist.

cosa@y + -+ cosag = 8(MI)
cos 3a, +'"‘:|‘C053|:'Z3 =0 @1
cos 15a; + -+ cos 15ag =
O<a <oy < <ag<mu/2 22
where modulation index (MI) in terms desired fundamental
(1) and nominal (V) dc voltage can be expressed as

MI=__ = 0<MI<1 23
2N - e @3)

When the requirement in (22) is met, the solution of equation (21) yields the required switching angles, allowing for the total elimination of the intended lower order
harmonics. It is important to remember that typical PSO is only used to solve nonlinear transcendental equations and produce correct switching angles; other well-
known control methods can be used to attain higher precision. A appropriate cost function [12], [35] is solved offline using PSO in the whole range of Ml to achieve
optimum switching angles (al, 02, ..., a8) and to preserve the fundamental level. In this scenario, the acceleration constants are given as [0.9-0.4], and the linearly
decreasing inertia weight is taken as 2. The following is a summary of the steps used in the PSO algorithm's implementation:

Step 1: A set of eight switching angels is randomly generated in view of a 17-level staircase output once all the parameters have been initialised.
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Step 2: To determine the ideal switching angles, the cost function [12], [35] is solved in the programming loop throughout the whole modulation index (MI) range.
Each MI value's switching angles are calculated under the requirement that they meet (22). As seen in Fig. 9, the optimal switching angles for the whole M1 range
are retrieved based on the cost function's lowest value.

Step 3: The cost function is reevaluated and all of the swarm's particle positions and velocities are updated. At the conclusion of the iteration procedure, the optimal
angles are changed in the stored memory after both local and global refining.

Step 4: Reassess the cost function and switching angles for step-change (0.01) in 0<MI<1 if the program does not achieve the maximum set value of 200.

Figure 9 suggests that when MI increases, the percentage of total harmonic distortion (THD) falls. Additionally, the essential element is kept at the appropriate level.
For the PS1, phase-disposition PWM (PD-PWM), a carrier-based sinusoidal PWM control approach, is used in addition to SHE-PWM control. As shown in Fig. 8,
the PD-PWM control consists of a comparator circuit combined with a switching pulse decoder circuit. To do this, NI levels must be produced by (NI-1) triangular
carriers. A total of 16 carriers are placed so that each carrier stays in phase with a certain offset level in order to synthesise a 17-level output for PS1 [27]. The
comparator circuit then compares triangular waves with a reference sinusoidal waveform to produce eight switching states.

These digital logic gates make up the switching pulse decoder circuit. The decoder circuit creates the proper switching pulses for each of the nine switches utilised
in PS1 based on the switching pulse duration, as shown in Fig. 2(b).

Additionally, a specific amount of time must pass before the rising edge of each switching pulse in order to dissipate the energy stored in inductive loads and
prevent a short circuit condition during the polarity shift.
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Fig.9. Findings using SHE-PWM control technique: cost function, switching angles, and harmonic profile versus modulation index.
V. Simulation Results

The functioning of the 17-level PS1 MLI (see Fig. 2(a)) with three repeating units, an H-bridge, and LDC1 is validated by simulation in the
MATLAB/SIMULINK environment. As seen in Fig. 7, the PS1 MLI is powered by a 3.9 kW photovoltaic system and is tested in standalone mode. Table 111 lists all
of the system parameters that were taken into account during the simulation. The commonly used incremental conductance MPPT algorithm regulates the individual
dc-dc converters that provide the dc-bus voltages for the RSHB MLI [43].

To get the most power out of the PV system, the MPPT controller modifies the duty ratios of the dc-dc converters while maintaining the necessary dc-bus
voltages (Vdc & Vdc/3). A distinct voltage balancing management approach has been used to guarantee the dc-link voltages are balanced. The capacitor (CK) in
LDC1 is not subjected to any further source or voltage balancing regulation. Taking into account the output frequency, load impedance, and the 2-3% voltage ripple,
4700 pF is chosen as the value of Ck. Lower dc-bus voltages are kept at 38.9 V and higher dc-bus voltages are kept almost at 116.8 V. As a result, the voltage of
the LDC1 is self-regulated at 58.4 V. For the standalone PV fed MLI, results are obtained using both SHE-PWM and PD-PWM control schemes.

The outcomes using the SHE-PWM control method are displayed in Figs. 10 and 11. Prior to usage in the experimental test and simulation, switching angles
at various MI values are kept in a look-up database. Figure 9 makes it evident that the THD (%) is extremely low in the MI range of 0.9 to 0.95 and that the best
switching angles are thought to correlate to the cost function's lowest value. The simulation is run at extremely low M1 of 0.3, mid-MI of 0.6, and high M1 of 0.92 in
order to verify this fact. The output voltage (\Vo), related harmonic spectra, and LDC1 voltage (Vk) of the suggested MLI with dynamic changes in MI and
frequency are displayed in Fig. 10(a). The intended harmonics are missing when M1 = 0.92, although they are low in the low range of MI. With SHE-PWM control,
the fundamental value is likewise kept close to the intended level. Additionally, switching angles change according to frequency changes. Additionally, Vk is self-
balancing under the dynamic change conditions, as seen in Fig. 10(a). The dc-link voltages in RSHB MLI are displayed in Fig. 10(b). Fig. 10(c) displays the
standing voltage across a few switches (S1, S2, S3, T1, T3, and K2) in order to validate the TSV data summarised in Table I. Additional simulations have been run
at various loading levels and during insolation changes. As seen in Fig. 11(a), the loading is abruptly changed from a purely resistive load (150 Q) to 150 Q-80 mH
(RL) at t=2sec. In contrast to R-loading, the load current achieves a nearly sinusoidal pattern under inductive loading conditions. At t=3 seconds, the insolation
quickly changed from 1000 W/m2 to 600 W/m2, then at t=5 seconds, it returned to 1000 W/m2. Without significantly altering the output voltage (o), the load
current (lo) is adjusted in accordance with changes in loading and solar insolation. It is important to note that in the test scenario mentioned above, Vk self-regulates
at the required value. The controller's dc-link voltage balancing performance during an insolation shift is shown in Fig. 11(b). The dc-link voltages are quickly
stabilized after asudden change in insolation and have less voltage ripple.
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The PD-PWM control method is also used to validate the suggested MLI operation. In this control, 50 Hz is used as the reference sinusoidal wave frequency
and 5 kHz is used as the carrier frequency. The outcomes are displayed in Fig. 12(a). Insolation changes from 1000 W/m2 to 600 W/m2 at t=2.5 seconds and
returns to 1000 W/m2 at t=3.5 seconds under dynamic loading conditions (R to RL at t=2 seconds). Ml also changes from 0.95 to 0.7 at t=3.5 seconds. It is
important to note that a less distorted current waveform can be achieved by employing carrier-based PWM control approaches. However, there is a greater
amplitude of the low-order dominant harmonics in the Vo's harmonic spectra at 0.95 Ml seen in Fig. 12(b). As a consequence, the THD (Vo) of 3.88% is a little
higher than the THD of 0.92 MI with SHE-PWM control. Furthermore, thorough simulation modelling is used to calculate power losses in order to compare the
MLI's performance with the SHE-PWM & PD-PWM control techniques. As seen in Fig. 13, SHE-PWM exhibits significantly smaller losses than the PD-PWM

control system, and these losses rise as the output power increases.
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VI. Conclusion

This research proposed two new MLI architectures that provide maximum output voltage levels with fewer switches. The following are

the main characteristics of the suggested work:
i. The two key characteristics of the suggested topologies from the standpoint of various commercial and industrial applications are low voltage stress, reduced
switching loss, and high efficiency.
ii. Self-balanced LDC considerably raises the output voltage levels while lowering the number of components needed.
iii. In high voltage situations, the PS1 & PS2 (A2) architectures are better.
iv. The suggested MLI is a more affordable option than the popular CHB MLLI, according to the overall design cost assessment.
v. The use of the suggested MLI in the solar PV system is emphasised, taking into account separate dc-link voltage balancing, maximum power tracking, and PV
panels with varying ratings.
vi. The PS1 and PS2's strong LCR factors attest to the feasibility of creating the suggested MLI structures, which are readily expandable to provide high voltage
levels.
In addition to the benefits listed above, the suggested arrangement needs a range of DC sources. It is important to note that when a structure is integrated with a PV
system, partial shadowing of the panels may cause the dc-bus power to become unbalanced. Given this limitation, our future study will primarily concentrate on a
comprehensive real-time analysis with PV integration.

Additionally, the working concept and switching mechanism of PS1 to generate a 17-level output voltage are presented in this study. A 3.9 kW PV fed 17-
level MLI structure was the subject of simulation study, which was confirmed experimentally in a comparable setting with the use of both SHE-PWM and PD-
PWM control strategies. Results are obtained using changes in MI, dynamic load conditions, abrupt frequency changes, and changes in insolation to demonstrate

the adaptable operation of the suggested MLI under inescapable conditions.
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