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Abstract: Requiring lots of components is the main demerit of multilevel inverters. This problem makes them expensive, bulky,
and with a high possibility of failure. Therefore, the issue of components reduction in multilevel topologies is of great importance.
Cascaded transformers multilevel inverter (CTMI) is a converter that employs only one DC-source, thus it eliminates the need
for several DC-sources. Same as the other multilevel inverters, CTMI consists of lots of components. This disadvantage of CTMI
has been resolved through a new reduced components topology introduced in the present work. This topology uses almost half
the number of switching elements, such as power switch and gate driver, which are required to construct a conventional CTMI
for the same output voltage levels. Furthermore, to the end of enhancing the reliability of CTMI, this paper, using Markov
reliability evaluation approach and evaluating the reliability and the Mean Time To Failure (MTTF) of the converters, has
investigated the reliability of both the conventional and the proposed structures. Additionally, in order to prove the feasibility and
correctness of the suggested topology computer aid simulation results along with the experimental results have been provided.

1 Introduction
Multilevel inverters have become popular in the past several
decades [1, 2]. They have been used in many industrial
applications such as AC motor drives [3], renewable energy
systems [4] and AC transmission systems [5]. The growing
tendency toward multilevel inverters is due to some unique
advantages derived from their usage. Some of the advantages of the
multilevel inverters compared to conventional inverters can be
mentioned as: higher power quality, wide range of power
operation, lower total harmonic distortion, lower voltage surges,
reducing electromagnetic interference and the capability of giving
a high power output from a medium voltage [6].
The main concern about multilevel inverters is their great
number of components and semiconductor devices which they
include. In addition, a semiconductor's failure probability increases
in line with the power loss increase. On the other hand, failure of
one or more components may cause the whole system to operate
abnormally. Thus a shutdown would be required to prevent further
damages. Therefore, requiring a large number of components in
multilevel inverters would lead to an increase in failure rate.
Therefore, reliability of the whole system would decrease. In recent
years, this issue has led some researchers to investigate the
reliability in multilevel inverters and, by employing auxiliary
devices such as relays, they have carried out some innovative
solutions for popular multilevel topologies such as neutral-pointclamped (NPC) [7–9], flying capacitor (FC) [10–12] and cascaded
H-bridge (CHB) [13, 14]. This issue is not limited just to the
multilevel structures and it is also considered in other types of
power electronic converters as well [15]. However, this issue is
mostly overlooked in the works conducted to introduce the new
topologies.
Multilevel inverters could be classified into three main
structures: FC [6], NPC [16] and CHB [17]. Between these
structures, the CHB structure has simpler controlling unit and
lower number of semiconductor devices to generate a particular
output level [18, 19]. These features has made CHB more attractive
and popular.
Cascaded transformers multilevel inverter (CTMI) is another
expanding technology in multilevel inverter field [20, 21].
Employing only one DC-source and several low-frequency
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transformers, CTMI could solve the main disadvantage of needing
several isolated DC-sources in CHB. Therefore, in recent years,
these kinds of inverters have been in the centre of attention of
researchers [22–26]. A quick review about some of the structures is
provided in the following.
In [24], a common arm structure for CTMI has been proposed.
Although, the topology proposed has deservedly reduced the
switches number, the two switches placed at the common arm have
to suffer a current with high amplitude. Beyond requiring a high
current ratio for the switches, the switches in the common arm
could feature a high failure rate which causes reliability reduction
of the converter. In another topology proposed in [25], the current
ratio of the switches utilised in the structure increases in line with
the number of levels. Although the switches count has significantly
reduced in this topology, the increasing current ratio is an essential
demerit. In [26], a half bridge cell has been added to the
conventional topology which causes the output voltage to be
improved in quality. However the topology introduced in this
reference has not remarkably reduced the components.
In this paper, a novel cascaded transformer multilevel inverter is
proposed. Comparing with the conventional structure, shown in
Fig. 1a, the proposed structure has significantly reduced the
number of semiconductor devices including power switches, driver
circuits, and diodes. Besides the advantage of employing fewer
components which leads to reduction in cost, volume and
complexity, it is possible to improve the reliability of a system by
employing the proposed topology. Thus, for the reasons mentioned
above, the proposed structure could be counted as a suitable
candidate for sensitive industrial applications.
This paper is organised as follows: in Section 2, structure of the
proposed converter along with the operation principles will be
presented. In Section 3, Markov reliability approach will be
explained for the proposed and the conventional structures. Then,
the failure rate evaluation method for all components will be
generally presented. At the end of this section, to compare the
reliability of both, the proposed and the conventional topologies,
the numerical calculation of failure rates, reliability and mean time
to failure (MTTF) of the topologies will be figured out. Finally,
reliability comparison will be considered in a graphical form. In
Section 4, simulation results which are carried out under the
855

Fig. 1 Conventional and proposed structures
(a) Conventional cascaded transformer multilevel inverter, (b) The proposed cascaded transformer multilevel inverter

Table 1 Comparison of the conventional and proposed
structures
Components
Proposed
Conventional
level
switches
switch drivers
transformer

n
n+1
n+1
(n − 1)/2

n
2*(n − 1)
2*(n − 1)
(n − 1)/2

between the switches in the legs. It is worth mentioning that the
transformers should alternatively possess athwart winding in the
secondary side (pay attention to the situation of the dots on
transformers’ windings in Fig. 1b).
Using the proposed topology, it is possible to reduce the number
of the switches of the conventional structure by half. Table 1 lists
the components needed to implement a topology of the proposed
and the conventional structures. According to this table, comparing
with the conventional topology, the proposed topology employs
almost a half number of switches. Thus, it can be counted as a low
cost, compact, and high reliable multilevel inverter.
To demonstrate the operation principle of the proposed
topology, a nine-level structure is taken into consideration. Fig. 2
shows the nine-level proposed CTMI structure. The switching
pattern of the structure is cited in Table 2.
Equations (1) and (2) indicate the Fourier series and maximum
value of the output voltage,
V out =

4V dck
1
cos(nαc)sin(2π f t) i = 1, 2, 3, . . . (1)
π n =∑
n
(2i − 1)
Vo

Fig. 2 Proposed cascaded transformer 9-level inverter

MATLAB/Simulink environment will be presented. Meanwhile,
using a laboratory built prototype, experimental results will be
provided. Finally, a conclusion will be considered in Section 5.

2 Operation principle of the proposed topology
For ease of reference, the general topology of a CTMI is shown in
Fig. 1a. According to this figure, each cell consists of four power
switches and one low-frequency transformer. As shown, a lot of
components are required to synthesise the conventional topology. It
goes without saying that the cost and volume of a multilevel
inverter would increase in line with an increase in the employed
components, on the contrary, the reliability and efficiency would
decrease.
The general topology of the proposed structure is shown in
Fig. 1b. The presented topology consists of some low-frequency
transformers and switching legs. Each leg consists of two series
connected switches, and each arm of the transformers is tied
856

MAX

=

(n − 1)
kV dc
2

(2)

where V out, V o , k, αc, V dc, n, and f, are, respectively, output
max

voltage, maximum value of output voltage, transformer ratio, pulse
width of voltage on each of transformers, number of levels, and
frequency.

3 Reliability evaluation and comparison of the
conventional and proposed circuits
3.1 Markov reliability approach
Reliability function (R(t)) is the probability of a device performing
during interval of [0, t] [27]. R(t) could have values between 0 and
1.
The mean time to the first failure under specific experimental
conditions is called as MTTF [27]. MTTF is calculated through the
following equation:
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λs, λD, λtrans, λs′, λ′D and λtrans
′ represent sum of failure rates of
switches, diodes and transformers in the conventional and proposed
inverters, respectively, and they are defined as follows:
λs = λs11 + λs12 + λs21 + λs22 + λs31 + λs32 + λs41 + λs42

Fig. 3 Markov chain diagram of the conventional and proposed topology

MTTF =

∫

∞

0

+λs51 + λs52 + λs61 + λs62 + λs71 + λs72 + λs81 + λs82
R t dt

(3)

λD = λD11 + λD12 + λD21 + λD22 + λD31 + λD32 + λD41 + λD42
+λD51 + λD52 + λD61 + λD62 + λD71 + λD72 + λD81 + λD82

Markov reliability approach can be used to calculate and compare
the reliability of different systems. This method evaluates the
reliability of a system by considering the operation of a system in
different states from full operation to full failure.
The general circuit models of the conventional and proposed
transformer multilevel inverters are, respectively, shown in Figs. 1a
and b. For an n-level inverter, m = 2n + 1 modules are required.
Evaluations are done for a nine-level inverter which consists of
four modules. To be more detailed, the conventional inverter
consists of 16 switches, 16 diodes and four transformers, while the
proposed structure consists of 10 switches, 10 diodes and four
transformers.
When a fault occurs in a component, the whole circuit will be
disrupted and failed. Therefore, the two states of operation are
defined for the inverters. State 1, when all the components are
healthy and the inverter is operating normally, and state 2 when a
component fails so the whole system is failed.
Markov chain diagram for the conventional and the proposed
inverters are shown in Fig. 3 where λ12 and λ′12 are, respectively, the
Markov transition chains of the conventional and the proposed
topologies. These parameters are defined in (4) and (5). Nonpremed parameters are defined for the conventional topology while
premed parameters are for the proposed one.
λ12 = λs + λD + λtrans

(4)

λ′12 = λs′ + λD
′ + λ′trans

(5)

λtrans = λtrans1 + λtrans2 + λtrans3 + λtrans4

(6)

(7)
(8)

λ′s = λ′s11 + λ′s12 + λ′s21 + λ′s22 + λ′s31

(9)

+λ′s32 + λ′s41 + λ′s42 + λ′s51 + λ′s52
λ′D = λ′D11 + λ′D12 + λ′D21 + λ′D22 + λ′D31

(10)

+λ′D32 + λ′D41 + λ′D42 + λ′D51 + λ′D52
λtrans
′ = λtrans
′ 1 + λ′trans2 + λ′trans3 + λ′trans4

(11)

The following state equations are expressed as follows:
d
P
dt 1
d
P′
dt 1

P2 = P1

P2

P′2 = P′1

P′2

−λ12

λ12

0

0

−λ′12

λ′12

0

0

(12)

(13)

where Pi shows the probability of being in state i.
Since the 1st state is the state in which the inverter works
properly, reliability functions are calculated as following equations:
R t = P1 t

Table 2 Switching pattern of a nine-level structure of the proposed topology
Levels
S11
Vo1
S21
Vo2
S31
Vo3

(14)

S41

Vo4

S51

VOUT

4

1

kVdc

0

kVdc

1

kVdc

0

kVdc

1

4kVdc

3

1

kVdc

0

kVdc

1

kVdc

0

0

0

3kVdc

3

0

0

kVdc

1

kVdc

0

kVdc

1

3kVdc

2

1

kVdc

0

kVdc

1

0

1

0

1

2kVdc

2

0

0

0

kVdc

1

kVdc

0

0

0

2kVdc

2

1

0

1

0

1

kVdc

0

kVdc

1

2kVdc

1

1

kVdc

0

0

0

0

0

0

0

kVdc

1

0

0

0

kVdc

1

0

1

0

1

kVdc

1

1

0

1

0

1

kVdc

0

0

0

kVdc

1

0

0

0

0

0

0

0

kVdc

1

kVdc

0
0
−1

1
0
0

0
0
−kVdc

1
0
1

0
0
0

1
0
1

0
0
0

1
0
1

0
0
0

1
0
1

0
0
−kVdc

−1

1

0

1

−kVdc

0

0

0

0

0

−kVdc

−1

0

0

0

0

0

−kVdc

1

0

1

−kVdc

−1

1

0

1

0

1

0

1

−kVdc

0

−kVdc

−2

0

−kVdc

1

−kVdc

0

0

0

0

0

−2kVdc

−2

1

0

1

−kVdc

0

−kVdc

1

0

1

−2kVdc

−2

0

0

0

0

0

−kVdc

1

−kVdc

0

−2kVdc

−3

0

−kVdc

1

−kVdc

0

−kVdc

1

0

1

−3kVdc

−3

0

0

1

−kVdc

0

−kVdc

1

−kVdc

0

−3kVdc

−4

0

−kVdc

1

−kVdc

0

−kVdc

1

−kVdc

0

−4kVdc

S12 = !S11, S22 = !S21, S32 = !S31, S42 = !S41, S52 = !S51
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R′ t = P′1 t

(15)

3.2 Failure rate calculations
Failure rate of an electronic device is calculated by the following
equation. For more details it can be referred to MIL-HDBK-217F
[28].
n

λcomp . = λb ∏ πi

(16)

i=1

where λb is the basic failure rate of the component, n is the number
of π factors and πi represents the factors which affect component
failure rate. For more details refer to MIL-S-19500 [29]. These
factors are introduced in the following paragraphs.
Since the environmental conditions affect a component failure
rate, environmental factor (πE) is defined. πE = 1 is defined for the
operation on the ground.
πCV represents the capacitor factor which depends on capacitor
dielectric material and it is a function of nominal capacitance of the
capacitor. Capacitor factor (πCV) of an electrolytic capacitor will be
assessed as the following relation:
πCV = 0.34C0.18

(17)

Quality factor is defined as πQ. A constant value of πQ = 8 is
considered in numerical calculations of this paper.
The stress factor of a diode is defined as πC. For a metallurgical
bonded diode, πC = 1 is considered, and for a non-metallurgical
bonded diode πC = 2.
Another factor which affects a component failure rate is
temperature which is defined as πT factor. Temperature factor (πT)
is a function of junction temperature Tj (for MOSFET and diode)
or hotspot temperature (for transformer and inductors).
Temperature factor for each component is calculated through the
given expressions in Table 3 [28].
The junction temperature of MOSFET and diode is defined as
Tj while THS is hotspot temperature of a transformer. The hotspot
temperature (THS) is a function of radiating surface area and power
loss of a transformer. The relations are as follows:
T HS = T a + 1.1ΔT ind

(18)

125PD, trans
A

ΔT ind =

(19)

The surrounding temperature is defined as Ta, the power loss of a
transformer is defined as PD,trans and the radiating surface is
defined as A.
Junction temperature of MOSFET and diode is calculated as
follows:
Table 3

Diode
Transformer

T C = T a + θCAPDS

(21)

where θJC (°C/W) is the junction-to-case thermal resistance, θCA
(°C/W) represents the thermal resistance between the case and
ambient and PDS represents the maximum power dissipation of
MOSFET or diode.
Power loss calculations for MOSFET (PDS), diode (PDD) and
transformer are done through the expressions given in Fig. 4.
MOSFET power loss consists of the switching loss (PSL) and
conducting loss (PCL).
Failure rate models of MOSFET, diode and transformer are
shown in Table 4.
3.3 Numerical calculation and comparison
The components currents and voltages of the conventional inverter
are obtained by experimental results. Moreover, the circuit
parameters of components taken from their datasheet are given in
Table 5. Components failure rates of the conventional circuit could
be calculated by using the experimental values together with the
failure rate relationships expressed in the previous subsection.
Calculated numerical failure rate values are shown in Table 6.
Using (6)–(8) together with the values shown in Table 6, λtotal is
obtained as follows:
λtotal = 10.264

failures
106 h

(22)

Therefore, using values above, reliability function and MTTF for
the conventional circuit are obtained as follows:
R t = e−10.264t

(23)

MTTF = 97428 h

(24)

The calculated failure rates of the proposed structure are calculated
by considering the experimental results together with the
relationships expressed in the previous subsection. The numerical
failure rate values are shown in Table 7.
Using (9)–(11) together with the values shown in Table 7, λtotal
′
is obtained as follows:
λtotal
′ = 7.206

failures
106 h

(25)

Therefore, using values above, the reliability function and MTTF
of the proposed circuit are obtained as follows:
R′ t = e−7.206t

(26)

MTTF′ = 138773 h

(27)

πT = exp −1925

1
1
−
T j + 273 298

πT = exp −3091

1
1
−
T j + 273 298

πT = exp

T HS + 273
400

10

Failure rate models

MOSFET
Diode

λS = λbπTπ AπQπE
λD = λbπTπSπCπQπE

Transformer

λtrans = λbπTπQπE

Capacitor

λC = λbπCVπQπE

858

(20)

Temperature factor of the parts

MOSFET

Table 4

T j = T C + θJCPDS

Fig. 4 Equivalent circuit model and relative power loss
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Table 5

Circuit parameters of components taken from their datasheet

MOSFET (IRF740)

RDS(on)

0.07

Diode (MUR1560)

rd

0.07
0.5 V

VT

0.5 V

VF

Co

330 pF

θCA

73

θCA

62

θJC

1.5

θJC

1

λb

0.0038

λb

0.06

Transformer

resr

0.5

λb

0.02

Table 6 Calculated values of the components failure rates of the conventional circuit
λs11, 12

λs21, 22

λs31, 32

λs41, 42

0.561
λs51, 52

0.561
λs61, 62

0.561
λs71, 72

0.561
λs81, 82

0.561
λD11, 12

0.561
λD21, 22

0.561
λD31, 32

0.561
λD41, 42

0.035
λD51, 52

0.035
λD61, 62

0.039
λD71, 72

0.039
λD81, 82

0.039
λtrans1

0.039
λtrans2

0.039
λtrans3

0.039
λtrans4

0.170

0.170

0.170

0.170

Table 7 Calculated values of the components failure rates of the proposed circuit
λ′s11, 12
λ′s21, 22
λ′s31, 32

λ′s41, 42

λ′s51, 52

0.561
λD
′ 11, 12

0.644
λ′D21, 22

0.644
λD
′ 31, 32

0.644
λ′D41, 42

0.561
λD
′ 51, 52

0.035
λ′trans1

0.045
λtrans
′ 2

0.045
λ′trans3

0.045
λ′trans4

0.039
—

0.170

0.170

0.170

0.170

—

Table 8 Calculated failure rates, MTTFs and reliability functions for NPC, FC and CHB multilevel inverters
NPC
FC
CHB
λS, t = 8.139

λS, t = 9.650

λS, t = 15.440

λD, t = 0.580

λD, t = 0.232

λD, t = 0.928

λC, t = 0.216

λC, t = 0.216

∑ λt = 8.934

MTTF = 111931 h
R t = e−8.934t

∑ λt = 10.098

MTTF = 99029 h

MTTF = 61169 h

R t = e−10.098t

R t = e−16.368t

Fig. 5 Reliability comparison of the conventional and the proposed
circuits

Comparing (24) and (27), an increase of %42.45 in MTTF is
observed. Therefore, longer a MTTF of the proposed inverter is
concluded.
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∑ λt = 16.368

To give a comprehensive comparison, reliability calculations
are also considered for other common structures of multilevel
inverters consisting NPC, FC and CHB structures. The simulation
results obtained in MATLAB/Simulink and the basic information
given in Table 5 are used to calculate the failure rates of the
components. In the simulations, the input voltage is 170 V, the
switching frequency is 3 kHz and the load is assumed as a series
connected R-L impedance of 83 Ω + 184 mH.
Table 8 shows the calculated results for the three structures. The
results given in the table consist of total failure rates of the
switches, diodes and capacitors, MTTFs and reliability functions. It
is worth mentioning that, the failure rates are expressed as failures
per 106 h.
For a better understanding and comparison of the reliability
functions, Fig. 5 is plotted in the graphical form. In this figure, the
reliability functions of NPC, FC, CHB, the conventional CTMI,
and the proposed CTMI topologies are plotted versus time. As it is
shown, the proposed structure has a better reliability response
compared to the other structures. To some extent, the topology
proposed was not aimed at improving the reliability, however as it
is discernable from the shown outcomes an enhanced reliability is a
byproduct of reduction of components in the proposed topology.
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Table 9 Specification of the simulated model
Input voltage
Leakage impedance of transformers [R2 L2]
Magnetisation resistance and inductance [Rm Lm]
Transformer ratio of each transformer
Switching frequency

120 V
[1.2 Ω + 0.4 mH]
[1440 Ω 4.5 H ]
3
3 kHz

Fig. 6 Output voltage and current simulation results of the proposed structure
(a) Output voltage and reference waveform in the no load condition, (b) FFT analysis of the output voltage, (c) Output voltage and load current in the presence of an R-L load, (d)
Switches currents

Fig. 7 Synthesised prototype of the proposed CTMI

4

Simulation and experimental results

To assess the performance of the discussed topology, the nine-level
topology depicted in Fig. 2 was simulated in MATLAB/Simulink
environment to extract the simulation results. The specifications of
the simulated model are listed in Table 9.
The simulation results of the developed staircase voltage in no
load condition in conjunction with the desired waveform and the
FFT analysis of it are, respectively, shown in Figs. 6a and b. To
investigate the performance of the simulated model in the loaded
condition, a series connected R-L impedance (83 Ω + 184 mH) is
considered as the load. The desired output voltage waveform is
considered to be a sinusoidal waveform of 160v and 60 Hz. The
load current along with the output voltage in the loaded condition
are shown in Fig. 6c. It is to be mentioned that to make the load
current discernable in the presence the voltage, its value is
860

multiplied by 50. The currents of the switches during an interval of
the three periods are depicted in Fig. 6d. According to this figure,
the switches in the first and last legs, suffer currents with an
absolute peak value of 0.4 A (S11 = 0.4 A, S51 = 0.4 A). The peak
value of currents of the switches in the middle legs are almost two
time higher than those of the switches in the first and last legs (S21
= 0.8 A, S31 = 0.8 A, S41 = 0.8 A). This happens due to the fact that
switches placed in the middle legs provide current paths for two
transformers (between the two switches in each middle leg two
arms of different transformers are tied), while, the switches in the
first and the last legs provide current paths for only one
transformer. Fig. 6d shows the currents passing through the upper
switches of each leg. For the sake of brevity we avoided showing
the currents of the lower switches whereas the currents of the lower
switches are complementary to those of the upper switches.
To prove the feasibility of the suggested topology, the
performance of a laboratory built prototype has been taken into
consideration. Fig. 7 depicts the mentioned prototype. Table 10
lists the specifications of the components employed. Since, loads in
industrial environments are predominantly characterised as an R-L
load, a series connected R-L impedance of 83 Ω + 184 mH is
considered as a load. Experimental result of the output voltage in
no load condition is shown in Fig. 8a. It is worth noting that the
desired waveform is a sinusoidal waveform with the peak value of
160 v peak value and frequency of 60 Hz. Fig. 8b shows both the
output voltage and load current in the presence of the mentioned
load. It is be mentioned that voltage of the ohmic resistance of 55
Ω is shown instead of the load current. As it is seen in Figs. 6b and
8b, some ramps appear on each level of output voltage when
inverter supplying a load current, this happens due to the existing
of the leakage impedances of the transformers.
A fatal problem for transformer-based converter is the issue of
core saturation of transformers. This problem arises when
IET Power Electron., 2017, Vol. 10 Iss. 8, pp. 855-862
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Fig. 8 Experimental results
(a) No-load output voltage waveform, (b) Output voltage and load current

Fig. 9 Output voltages of transformers
(a) Output voltages of transformer 1 (Vo1), (b) Output voltages of transformer 2 (Vo2), (c) Output voltages of transformer 3 (Vo3), (d) Output voltages of transformer 4 (Vo4)

transformers are exposed to a voltage waveform that contains a dc
component. Figs. 9a–d show the shapes of voltages that are
imposed to the different transformers of the prototype under test.
As these figures suggest the imposed voltages are symmetric in
shape that implies there exist no dc components in the voltages
waveforms. Hence the problem of saturation does not exist in the
proposed topology.
Switching signals of the upper switches of the legs are shown in
Figs. 10a–d (the switching signals of the lower switches of the legs
are complementary of those of the upper ones). As it is discernable
from these figures the switching frequencies of the switches are not
equal and the switches placed in the last legs suffer a high
switching frequencies. This could be count as a demerit for the
proposed topology. However the problem can be mitigated by
employing an optimal switching approach by approaching different
levels by different switching patterns of levels that are cited in
Table 2.

Table 10 Specification of prototype inverter
Input voltage
120 volt
Leakage impedance of transformers [R2 L2]
[1.7 Ω + 0.52 mH]
Magnetisation resistance and inductance [Rm Lm] [314 Ω 150 mH ]
Transformer ratio of each transformer
3
Switch
IRFP250
Optocoupler
TLP250
Switching frequency
3 KHz
Processor
DSP-IDC28335
IET Power Electron., 2017, Vol. 10 Iss. 8, pp. 855-862
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5

Conclusion

In this paper, a novel, topology for transformer-based multilevel
inverter with reduced components was introduced. This topology
was able to halve the number of semiconductors required to
construct a CTMI. Using a few numbers of elements in the
proposed structure, besides requiring a simple controlling system,
bring about a reduction in the volume and costs of the mentioned
type of multilevel inverter. As we know, the most newly issued
distributed power system which emphasises on using DG units is
mostly reliant on power electronic converters, so the issue of
reliability of converters seems to be of particular importance. From
this point of view, since multilevel inverters, which have an
encouraging role in DG applications, are constructed by several
number of elements that leads to a reduction in reliability, the issue
of reliability in these kinds of converters calls for a cautious
inspection. This issue is mostly overlooked in researches conducted
in field of multilevel inverter, hence this paper attempted to look at
the proposed topology from this side as well. As it was proved
through a precise mathematical evaluation, the enhanced reliability
is, also, a byproduct of the reduction of the components in the
suggested topology. Furthermore, MATLAB/Simulink environment
was adopted to assess the performances of the introduced topology.
In addition, the experimental results were provided using a
laboratory built prototype. The obtained results showed the
feasibility of the proposed structure.
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Fig. 10 Switching command
(a) S11, (b) S31, (c) S41, (d) S51
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