s, Industrial Engineering Journal
ISSN: 0970-2555

Volume : 52, Issue 12, No. 2, December : 2023

A NINE-LEVEL QUADRUPLE BOOST INVERTER TOPOLOGY FOR SMALL-SCALE
SOLAR PV APPLICATIONS

s

&,,
£/ p
AUnyegh ]

Chanikya.U, PG Scholar, Dept of EEE, INTUA CEA, Ananthapuramu, Andhra Pradesh, India.
G. RATNAIAH, Research Scholar, SRM Institute of Science and Technology Chennai, India.
Dr. G. Ramya, Assistant Professor, SRM Institute of Science and Technology Chennai, India.

chanikya6006@gmail.com; rg2879@srmist.edu.in; ramyag@srmist.edu.in

ABSTRACT

Renewable energy, particularly small-scale solar photovoltaics (PV), is making an increasing
contribution to the energy sector. High gain DC-DC converters are commonly used as front-end
converters to increase the low voltage of PV panels; additionally, DC-AC converters (multilevel
inverters) are used for standalone AC loads or grid integration. This paper proposes a nine-level
quadruple boost inverter topology for small-scale solar PV applications to avoid the front-end
converter while meeting both objectives. The proposed topology uses a switched capacitor technique
to boost voltage and has capacitor self-voltage balancing. This paper describes the detailed operation
of the proposed nine-level inverter, as well as voltage stress calculations, loss analysis, and circuit
parameter design. A high-gain generalised multilevel inverter (MLI) topology is also described. In
addition, the proposed MLI is compared to competitive inverters from the recent literature. The
proposed MLI topology has several advantages, including a low total standing voltage and a low
component count; it can also generate bipolar voltage inherently. The proposed MLI topology's
performance is validated using MATLAB-based simulations. Further, the simulation results are
presented by considering load variations, modulation index variations, and output frequency
variations. The simulation efficiency obtained is in the range of 96.2% to 92.8% for proposed 9-level
inverter.

INTRODUCTION

The world's energy consumption is increasing on a daily basis. Large-scale renewable sources,
particularly solar photovoltaic, are being integrated into conventional power generation to meet the
increased load demand. Large amounts of photovoltaic energy generated in a single location and
transmitted over long distances reduce system efficiency. Recently, distributed generation has been
introduced to overcome this problem and increase system efficiency [1], and the percentage of PV
generation through solar rooftop has increased significantly, accounting for approximately more than
20% of total PV generation capacity [2]. Small-scale solar PV systems for rooftop applications range
in power from 0.5kw to 2kw, with voltage ratings ranging from 60V to 100V. To avoid bulky and
expensive batteries, solar PV is generally preferred to operate in a grid-connected mode. Figure 1
shows the solar rooftop connected to a low voltage distribution network of 415V (3-8) and 230V (rms)
for 1-8. High gain DC-DC converters [4] are used at the front end of the DC-AC converters to achieve
compatibility between low DC voltage PV systems and AC grid voltage. There are numerous MLI
topologies proposed in the literature for DC-AC conversion. The most well-known topologies are
diode clamped [5, flying capacitor (FC), and cascaded H-bridge multilevel inverters. Unbalanced
capacitor voltages plague diode clamped MLI and FC MLI, necessitating an additional voltage
balancing circuit [6]. Cascaded H-bridge MLI is modular in structure, requiring more isolated DC
sources [7]. Recently, various reduced switch nine-level inverter topologies have been presented in
[8][11]. These topologies use fewer switches and diodes to get the same number of levels compared
with the basic MLI topologies.
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FIGURE 1. Solar rooftop PV application.

LITERATURE SURVEY

Operation and Control of a NineLevel Modified ANPC Inverter Topology with Reduced Part Count
for Grid-Connected Applications,

This paper describes a nine-level active-neutral-point-clamped (ANPC) multilevel inverter (MLI)
topology for grid-connected applications that only requires ten switches. The proposed structure is
divided into two parts: a five-level ANPC unit and a two-level converter leg, the midpoint of which
serves as another ac terminal. To ensure that the voltage across the flying capacitor is tightly balanced,
an ad hoc switching state redundancy based modulation strategy is used, which is implemented using
a look-up table, further simplifying the control complexity. Simulations and experimental tests are
used to validate the performance and effectiveness of the proposed topology and its control scheme.
Comparison with other MLIs is included to highlight the merits of the proposed topology. From the
results, it will be shown that the proposed inverter requires the least part count as compared to other
topologies with the same performance and output quality.

Implementation of Hybrid GSA SHE Technique in Hybrid Nine-Level Inverter Topology

The current trend in multilevel inverters (MLIS) is to produce a high-quality staircase ac voltage
waveform while using the fewest switching devices possible. In this context, this article presents a
topological and modulation scheme-based solution for optimum MLI performance. To reduce the
number of switching devices, an adaptable dc voltage link in conjunction with a modified H-bridge
unit is introduced. A hybrid gravitational search algorithm (GSA) selective harmonic elimination
(SHE) technique is proposed and implemented on the newly developed MLI topology with symmetric
dc sources to improve the quality of the voltage waveform and reduce switching losses in the proposed
topology. Comparative analysis is performed with the conventional and existing hybrid cascaded ML
topologies, which exhibits the superiority of the proposed topology in terms of reduction in count of
switching devices, count of components, and conduction losses. The efficacy of the proposed hybrid
GSA SHE technique is shown in the simulated results. The feasibility of the proposed MLI topology
and SHE technique is further verified by the experimental results of a nine-level inverter with both
equal and unequal dc sources.

. “A Five-Level Boosting Inverter for PV Application

Because of their high efficiency and low cost, transformerless inverters (TIs) are widely used in grid-
connected photovoltaic (PV) applications. However, the lack of galvanic isolation allows ground
leakage current to flow due to PV parasitics, resulting in safety concerns and deteriorated power
quality. A single-phase five-level TI topology with switched diodes and floating capacitors (FCs) is
proposed in this article. In accordance with the VDE-4105 safety standard, the proposed topology
employs fewer active power switches, has self-voltage-balancing of FCs, voltage boosting capability,
and suppressed leakage current. A suitable modulation strategy is applied to the proposed TI in order
to generate a common-mode voltage with a reduced number of voltage swings and transitions, resulting
in suppressed leakage current. A prototype model with a power rating of 1 kW is created, and the
experimental results are presented. In the simulation and experiments, leakage currents of 10 and 17
MA are obtained, respectively. To demonstrate the merits of the proposed TI, a detailed comparison
with other similar topologies is presented.
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Step-up switched-capacitor module for cascaded ML topologies

This study presents a new module for cascaded multilevel inverters (MLIs) based on the switched-
capacitor technique. In the proposed switched-capacitor cell, the capacitors are charged in a self-
balancing manner. Significant advantages of the proposed topology include the ability to boost voltage
and generate bipolar voltage levels without the use of an end-side H-bridge inverter. As a result, its
circuit employs lower-voltage semiconductors. The proposed topology reduces the number of circuit
elements as well as total blocking voltage by switches when compared to traditional topologies and
other recently introduced MLIs. Furthermore, the proposed inverter configuration and its operating
principle are thoroughly investigated, as are capacitance and power loss calculations, as well as
topology extension to achieve higher levels.

A Single DC Source Nine-Level SwitchedCapacitor Boost Inverter Topology with Reduced Switch
Count

This paper describes a new boost inverter topology that employs a single dc source and two switched
capacitors to generate a nine-level output voltage waveform. The capacitor voltages are self-balancing,
so there are no sensors or auxiliary circuitry. The output voltage is twice as high as the input voltage,
eliminating the need for an input dc boost converter, which is especially important when the inverter
is powered by a renewable source. By comparing recent and conventional inverter topologies, the
merits of the proposed topology in terms of device count and cost are highlighted. Furthermore, the
proposed topology has a lower total voltage stress and a maximum efficiency of 98.25%. The operation
and dynamic performance of the proposed topology have been simulated using PLECS software and
are validated using an experimental setup considering a different dynamic operation.
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FIGURE 2. Proposed 9-level quadruple boost inverter (Proposed 1).

The proposed quadruple boost nine-level topology shown in Figure.2. It is structured with 1 DC source,
3 capacitors (C1, C2 & C3) and 13 switches in which 11 unidirectional switches (g1-g6 & g9-g13) and
2 bidirectional switches (g7 & g8). These switched capacitors are charged by using a series-parallel
technique. Each capacitor is individually charged to VVdc and discharged to load by connecting in series
with the DC source to obtain a high voltage gain. The output voltage of nine levels has +4Vdc, £3Vdc,
+2Vdc, £Vdc, and zero levels. To avoid source and capacitor short circuit, switches pair (g12, g13)
and (g10, g11), are operated complimentary. For each load voltage cycle, switches g10, g11, g12, and
g13 have only two transitions (on to off and off to on). As a result, these switches operate at the load
frequency (50Hz) and have low switching losses, improving the topology's overall efficiency. Switches
(91-g5) and (g12-g13) have a maximum blocking voltage (MBV) of Vdc, and because most of the
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switches have low voltage stress, the topology's total standing voltage (TSV) will be low. As shown
in Figure 2, the voltage stress on each switch (g12-g13) is represented beside each switch in multiples
of Vdc. where ‘1’ denotes Vdc and ‘3’ denotes 3Vdc. The proposed topology includes three capacitors,
each of which is charged to VVdc. The three capacitors are designed to balance at VVdc by sequential
charging and discharging during each load voltage cycle. Table | shows the gate signals for the
switches in the proposed topology. The turn-on and turn-off states of the switches are shown as 1 and
0 in this table for each voltage level. The capacitors' charging, discharging, and floating states (without
charging or discharging) are denoted .

B. PROPOSED GENERALIZED 2N+1 LEVEL MLI

Due to the requirement for higher grid voltages in grid integrated PV applications, the gain of the
proposed quadruple boost 9-level inverter may not be compatible in some cases. For PV grid
integration applications, a generalised topology with an extension circuit consisting of one
unidirectional switch, one bidirectional switch, and a capacitor is proposed to achieve high gain with
lower THD. The output voltage with '2x+9' levels and 'x+4' gain can be obtained by incorporating 'x'
extension circuits into the proposed topology. Figure.3 depicts a generalised 2N+1 level with gain =
N by extending the repeating unit highlighted in blue. N+7 unidirectional switches, N-2 bidirectional
switches, N-1 capacitors, and one DC source comprise the generalised topology. The MBV of the
proposed generalised topology is (N-1).
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FIGURE 3. Proposed generalized MLI topology (Proposed 2)
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FIGURE 4. Operating modes of proposed topology (red indicates output voltage path and green
indicates charging path).

SIMULATION RESULTS
In MATLAB/Simulink, the performance of the proposed topology is examined under various
conditions. Vdc = 100V and C1 = C2 = C3 = 2200F are the ratings of the components used in the
simulation. The load voltage, current, and balanced capacitor voltages of the proposed topology are
shown in Figure.10 for the DC source voltage of 100V and the amplitude modulation index (Ma = 1).
The output voltage has nine levels and a peak amplitude of 400V, with three capacitor voltages
balanced at 100V.
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FIGURE 5. Output voltage, current, and capacitor voltages at 100Q+120mH.

Selocted signal: %0 cycles. FFT window (in red): 1 cycles
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FIGURE 7. Output voltage, current for no load, 50Q and 50 Q +100Mh
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Figure 8. Output voltage and current for RL = 100 Q +25mH, 100 Q +75mH, 100 Q +150mH.

CONCLUSION

For small scale solar PV applications, this paper proposes a high gain generalised MLI and quadruple
boost nine-level inverter. It has the advantages of low switch stress and capacitor self-voltage
balancing. A comparative study is carried out using recent literature. The proposed topology has been
tested for various load variations, supply voltage variations, and load frequency variations, and it is
appropriate for all types of loads. And, with different load variations, the capacitor's voltage ripples
are within allowable limits. The topology is examined using the LSPWM technique for changes in
amplitude and frequency modulation, as well as corresponding THD and fundamental component
variations. The efficiency is examined in relation to load variations. Various simulation and testing
methods are used to validate the effectiveness of the proposed topology.
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