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Abstract:

Multilevel inverters (MLIs) have got attention for superior power-conversion structures because of their
features of incredible produced waveforms, modularity, transformer much less operation, voltage, and
present day scalability, and fault-tolerant operation. However, those merits generally come with the fee of
a excessive wide variety of additives. Over the past few years, proposing new mlis with a lower
component be counted has been one of the most active subjects in strength electronics. The first purpose of
this newsletter is to replace and summarize these days developed multilevel topologies with a discounted
aspect count number, primarily based on their benefits, risks, creation, and specific packages. In the
framework, both single-phase and 3-section topologies with symmetrical and asymmetrical operations are
considered via a detailed comparison in phrases of the used component depend and kind. The second one
objective is to recommend a comparative method with novel elements to take component ratings into

account. The effectiveness of the proposed method is confirmed by way of a comparative examine.

Keywords —Cascaded multilevel inverter; Diode clamed multilevel inverter; Flying capacitor multilevel

inverter.
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I. INTRODUCTION

Multilevel inverters had been developed for more
than 5 decades and won increasing importance in
commercial programs as one of the maximum
attractive solutions for implementing medium-/high-
voltage (hv) excessive-power converters [1]-[13].
The mlis are configured by way of a awesome
association of unmarried/numerous dc resources,
namely batteries, rectifiers, flying capacitors (fcs),
gas cells (fucs), photovoltaic (pv) panels, and
semiconductor gadgets, e. G., insulated-gate bipolar
transistor, metal-oxide—semiconductor field-effect
transistor, and diodes, in a way to supply a near
sinusoid voltage with low distortion. Combining
low-voltage (Iv) dc assets with semiconductors
switches can effectively generate hv stepped
waveforms at the output of converters. The rating of
the switches is defined through the score of

connected dc assets, so the voltage strain at the
switches is a lot decrease than the output
voltage.From the nineteen seventies, baker and
bannister in [14] have invented the primary
converter topology, that is broadly known as
cascaded h-bridge (chb) mli, using numerous dc
sources. Every source turned into related to a
unmarried-phase inverter to shape one cellular. Via
connecting greater cells in cascade as proven in fig.
1(a), a multilevel output may be executed. Some
years later, inside the nineteen eighties, a unmarried
supply multilevel topology known as diode clamped
or neutral factor clamped (npc) mli has been
proposed via baker in [15]. Regardless of the use of
one dc supply, it requires numerous diodes that are
linked to a impartial point, as shown in fig. 1(b). In
1981, nabae et al. [16] have provided the npc
implementation with the aid of using the pulsewidth
modulation (pwm) scheme. Fig. 1(c) shows a fc or
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capacitor-clamped mli, being delivered for the
duration of the nineties in [17] and [18]. Even
though it desires only one dc source, numerous fcs
bring about growing each length and control
complexity of the fc-mli. These three topologies
have taken into consideration because the basic mli
topologies in the literature [1]-[4]. The dc-to-ac
conversions the use of mlis are widely used in
power structures, transportation, and renewable
power systems, for example, in flexible ac
transmission structures [19], [20], high-voltage
direct-present day (hvdc) [21], [22], energetic
electricity filters [23], [24], variable frequency
drives [25]-[27], pumped storage energy plants
[28]-[30] and grid-related or standalone pv systems.
The mli based totally dc to ac converters have
numerous appealing merits as suggested in [1]-[13]:

1) producing high-quality waveforms with low
harmonic contents and low dv/dt stress, significantly
reducing the total harmonic distortion (THD), filter
dimensions, and electromagnetic interference
(EMD);

2) operating in both fundamental and low
frequency switching schemes can lower switching
losses, being beneficial for efficiency and cooling
requirement, especially in high power applications;

3) using low-rated standard semiconductor
devices for producing high voltage without
connecting them in a series manner as in two-level
medium-power inverters; and

4) having small/zero common-mode voltage
(CMV) can eliminate drawbacks of CMV in many
applications, for example, the stress in the bearing
of a driven motor fed by MLIs can be reduced in
drive systems.

Furthermore, numerous mlis have further
strategic deserves, particularly transformer less
operation, modularity, voltage, and current
scalability, high redundancy in switching states, and
fault-tolerant ~ operation.  Alternatively, these
deserves include the price of a high variety of
passive and active components, which include dc

sources, fcs, inductors, diodes, and switches.
Therefore, the volume, value, and complexity of the
inverter are accelerated [1]-[13]. Therefore,

presenting new mlis, which can expand the level
variety at the side of a low thing remember is
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currently one of the key studies trends on this
research theme [3], [11]. In the subject, enhancing
efficiency, strength density, manage simplicity,
reliability, cost, and broadening mlis programs have
attracted a massive variety of guides each year.
Therefore, reviewing the maximum advanced
expertise on this studies subject periodically is
always of importance to replace the studies
baselines or the most recent reflections, resulting in
many evaluation research provided in [1]-[13].
Most of those research provide a detailed evaluation
of mlis based on a specific utility or inverter own
family, e. G., transportation [8], medium-voltage
drives system [13], modular mlis [5]-[9], hvdc
applications [10], and renewable power integration
[3]. Furthermore, the present reviews have used two
conventional factors, particularly the extent-number
in keeping with transfer ratio (Isr) or element per
degree element (clf), to evaluate the issue counts
amongst topologies [30], which are not able to take
issue ratings or cost and stresses of factor into
consideration.
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Fig. 1(a) Circuit diagram of cascaded Multilevel inverter
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Fig. 1(b) Circuit diagram of Diode clamed inverter
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Fig. 1(c) Circuit diagram of flying capacitor inverter
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II. CONSTANT SWITCHING FREQUENCY
PWM

A. Level Shift PWM (LS PWM)

The consistent switching frequency (CSF) pulse-
width modulation (PWM) approach is one of
themaximumfamous and quite simple switching
strategies for strength semiconductor devices. In m-
stage inverter, (m-1) vendors with the equal
frequency fc and the equal amplitude Ac are
disposed such that the bands they occupy are
continuous. The reference waveform has height
amplitude A, and the frequency
Fithat'sOtargetedwith inside thecenter of the
provider set. The reference is constantlyin
comparison with every of the provider signals. If
the reference is more than provide signal, then the
livelytoolsimilar to that provider is switched off. In
multilevel inverters, the amplitude modulation
index Mi and the frequency ratio Mf are described
as
M; = A/(m-1)A, (€5
My = flfn 3

In this consistent switching frequency pulse width
modulation approachadditionallycalled level-shift
modulation, the manner the provider waves are
positionedin terms of the reference signal,
3instancesmay be distinguished. Fig. 2a indicates a
section disposition pulse-width modulation (PD
PWM), in whichall of thecompanies are in section.
Fig. 2b indicates a sectioncompetition disposition
pulse width modulation (POD PWM), in which the
companies above the 0 reference are in section, but
one hundred eightydiplomasection shifted from the
onescompaniesunderneath the 0 reference. Fig. 2c
indicates an opportunitysectioncompetition
disposition (APOD PWM), in whicheveryprovider
band is shifted with the aid of usingone hundred
eightydiploma from the adjoiningprovider bands.

B. Phase shift carrier PWM

Phase shift carrier (PSC) PWM is one sort of
constant switching frequency PWM technique. In
this PWM scheme, all the triangular carriers have
the same frequency and same peak amplitude, but
there is a phase shift between any two adjacent
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carrier waves. For m level voltage, (m-1) carrier
signals are required and they are phase shifted with
an angle @_ from the adjacent bands as shown in

Fig. 2d

D.,=360°/(m-1) 4)
C. Variable Switching Frequency PWM
This approachmakes wuse of the traditional

sinusoidal reference sign and the (m-1) servicealerts
with variable frequency. For the seventeen level
inverter there are sixteenawesomecompanies with
variable frequency and identical magnitude. This
modulation approachmeans that harmonic power is
focused at service frequency. Carriers of the 17-
degree inverter with variable switching frequency
of two kHz- five kHz are proven in Fig. 3
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Fig. 2 Constant switching frequency PWM
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Fig. 3 Variable switching frequency pulse width modulation

III. CONCLUSIONS

This article presented a review study for the
multilevel inverter topologies in terms of
construction, salient features and limitations, giving
guidelines to further improve the current multilevel
topologies more efficiently and compactly.
Multicarrier based switching scheme also discussed
in this study.
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