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MLIs are very important and essential for controlling the power at medium voltage and very high power. A new
T-type MLI based on the pulse width modulation method has been presented in this paper. A five-level voltage and a
minimum common-mode voltage are the main circuit's objectives. A design layout and its corresponding output for
the proposed system design are included in this article to test its effectiveness and feasibility. The proposed research
seeks to enhance the implementation of a multistate switching cell in the PWM signals given to the gate signals of the
MOSFETSs. To obtain the five levels of voltage output with a lower common-mode voltage. Thus, the losses are re-
duced and the Efficiency is increased in the inverter. The total number of semiconductor switches is also reduced.
This suggested inverter is simulated using Matlab/Simulink application software. The suggested architecture main-
tains excellent efficiency and dependable operation while reducing the number of switching components. Simulation
findings verify the suggested inverter configuration, showing that it can accomplish reliable and effective power con-
version for medium-voltage and high-power applications, the novel T-type MLI structure provides an affordable and
scalable solution. The reduced common mode voltage will reduce the circulating bearing current problems in the ap-

plication of induction motor drive.
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1. INTRODUCTION

Converters with high performances and the least size
working under low levels of voltages are increasing stead-
ily year by year. The use of a passive component to re-
duce the sizing and weight of the circuit may lead to an
increase in switching frequency of around 10-25 kHz. It
may also reduce the losses during switching operations
and enhance the efficiency of the system [1-3]. New tech-
nology in semiconductors like Sic-based diodes is under-
studied in the recent scenario. It’'s not economical and
hence, the most practical option for industrial and com-
mercial applications is still the most standard IGBT
technology. Multilevel inverters have provided a very
effective method that offers the requisite maximum effi-
ciency, and maximum output voltage system stability, as
well as smaller passive component size. Application is in
wind turbine systems [4-5].

Although two-level topologies remain the standard in-
dustry norms for applications requiring low voltage. Recent-

* Correspondence e-mail: geethaa2@srmist.edu.in

2077-6772/2025/17(3)03012(5)

03012-1

PACS numbers: 84.70. + p, 85.30.Tv

ly it can be seen that 3-level MLI circuits have better solu-
tions for applications that work for minimum voltage com-
bined with the switching frequencies range of medium to
maximum range which is efficient and economical. The field
of application is medium-voltage ac drives [6-8].
Researchers compared two levels and three levels of
NPC for a better understanding of the converter efficien-
cy in high-frequency applications. A bidirectional switch
is used by a 3-level of T-type inverter for controlling the
voltage in the dc-link when compared to the five-level
NPC [9-10]. In the literature, various multilayer topolo-
gies derived from traditional NPC inverters have been
devised. The 3LT2I system has the combined advantage
of two and three-level inverters, for example, simple and
effective operating principle, minimum switching and
conduction losses, and high output voltage performance
[11-13]. For switching frequencies between 4 and 30 kHz,
the efficiency of 3LT2I is exceptional [14]. The 3LT2I
system cannot output an ac voltage larger than the input
dc-link voltage because it has voltage buck functionality.
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To satisfy economic expectations and improve design
complexity, a DC-DC (boost) converter is typically im-
plemented before and during the inverter in real-world
practical applications, like systems]. A closed-loop system
has an easy time controlling speed and an ongoing feed-
back loop process. This approach can be used to get the
necessary speed. The dual closed-loop system is the
closed-loop system used in this case. A new pulse width
modulation-based T-type MLI has been proposed and
developed. The suggested circuit offers a lower common-
mode voltage and 5 levels of voltage. A design layout and
its output waveform for the prototype are provided in this
article to test its effectiveness and feasibility. Section 2
provides information on the suggested terminology anal-
ysis. Section 3 describes the explanation of the common-
mode voltage reduction. Section 4 explains the simulation
findings and discussion. In section 5, the proposed work
finally ended with some conclusions.

2. ANALYSIS OF THE PROPOSED 5-LEVEL IN-
VERTER

The need for this suggested work is to enhance the
multistate switching cell application in the PWM signals
are given to the gate signals of the MOSFETSs. To get the
5- levels in the voltage output with having the reduced
common-mode voltage. Thus, the losses are reduced and
the Efficiency is increased in the inverter. The total
number of semiconductor switches is also reduced [22-
24]. A 5-level T-type topology is shown in Fig. 1. S1-S8
are eight bidirectional controlled switches MOSFET). N1
and N2 windings solely on a single autotransformer. The
voltage levels of this suggested inverter are + Vin/4,
+ Vin/2, 0, — Vin/4, — Vin/2. The suggested architecture is
made up of eight MOSFET switches, two RC filters, a
linear transformer, and an R Load [25-27].
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Fig. 1 - 5- Level T-type topology
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Two groups of four-four MOSFETs each have been
formed. The MOSFETSs are supplied with power through
filters, and also the transformer serves as an isolation device
in between the R load and the switches. The output voltage
is obtained across the switch’s connection. To find the com-
mon-mode applied voltage in the circuit, we connect one
terminal of the voltage measurement block to one end of the
resistor and the other terminal to the ground. Fig. 2 shows
the proposed T-Bridge 5 level Topology [28-30].
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Fig. 2 — Proposed T-bridge 5 Level Topology

The waveform is of five levels in the obtained output
voltage graph. The common-mode applied voltage during
both inputs must be reduced. The common-mode applied
voltage is introduced either through the noise induced in
the cable or transmitted from a cable. To ensure electro-
magnetic conductivity, the common-mode voltage should
be reduced. The common-mode applied voltage present in
the suggested inverter that must be reduced by phase
width modulation techniques. A phase-width modulation
control scheme is often referred to as a pulse duration
modulation control scheme. This type of technique may
result in the reduction of average power that has been
delivered over chopping the data (signal) into many data
in discrete nature. Table 1 shows the switching sequence
state for the Proposed T-bridge 5 Level Topology.

Table 1 — Switching Sequence table

S.No Stagel Stage2 Stage3
Switch 1 0 0 1
Switch 2 1 1 0
Switch 3 1 1 0
Switch 4 0 1 1
Switch 5 0 1 1
Switch 6 1 0 0
Switch 7 1 0 0
Switch 8 0 0 0

3. COMMON MODE VOLTAGE REDUCTION

The positive level and negative level modes of opera-
tion are analyzed for a five-level modified 7-bridge topol-
ogy. The voltage obtained between the ground and the
load is referred to as the common-mode voltage in
T-type technology and depends on the different control
switching states. Sinusoidal waves and triangular waves
or carrier waves are compared and the received output is
used as input gate pulses for the switches. The innovative
technique of PWM is applied to get the reduced common
mode applied voltage. The simulation analysis is done by
using the MATLAB/SIMULINK software and thus, the
evaluated voltage, and current output is shown below.
We are getting a reduced common-mode voltage. Fig. 3a
and 3b depict the positive and negative levels of the
common mode voltage.

03012-2



REDUCTION OF COMMON-MODE VOLTAGE USING NOVEL ... JJ. NANO- ELECTRON. PHYS. 17, 03012 (2025)

St 204 St
il age age Input

PR S % i
" " . B
LH 1 o, 16m 20m
' ¥ X ! o : Time (S) Outpu
% 5 7 r
W [ ,“r%:: Eifi;j | { |
3rd Stage (L 1

+
vy o B 0.0000 5.0000m 10.0000m 15.0000m 20.0000m
! r 54 '":} 8 'I 0s Time (S)
M

Fig. 4 — Applied PWM technique
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signals are used to supply gate voltages to the following
connections of switch 1, switch 2, switch 5, and switch 6.
0 Hence, the lower carrier signals supply gate voltages to
= . '|K} ) d . the following connection of switch 3, switch 4, switch 7,
¢ and switch 8. Carrier signals supply the gate voltages to
K’} the following connection of switch 3, switch 4, switch 7,

and switch 8.

Fig. 3a — Positive level 3 stages
4. RESULTS AND DISCUSSION

1= Stage

The output analysis of the proposed 5-level multilevel
inverter by using the MATLAB simulation is shown be-
low. The initial output is 400 V.
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Fig. 5 — Initial Output voltage

The common mode voltage before applying the reduction
technique in MATLAB simulation is as given in the Figs. 5
and 6 and the Initial common mode voltage is 400 V.
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Method 1: Phase Disposition methods: Here, the g

triangular carrier waves are in phase. Gate voltages 500
supply is given to the following connections of switch 1, 0 01 0.2 0.3 0.4 05
switch 2, switch 5, and switch 6 using the upper carrier Time (Seconds)

signals. Hence, the lower carrier signals supply the gate
voltages to the following connections of switch 3, switch
4, switch 7, and switch 8.

Method 2: Phase Opposition Disposition meth-

Fig. 6 — Initial Common-Mode Voltage

4.1 PD Method CMV

ods: Th'e trie.ir}gular carrier signal waves .present in the Using this proposed technique common-mode voltage
phasg disposition method are of phase shift .of 180° pre- for 400 V input is 20 V as depicted in Fig. 7. In the con-
sent in the out of phase. Thus, the upper carrier message ventional PD technique, the common-mode voltage for
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400 V input is 60 V as shown in Fig. 8. The proposed PD
method has reduced common-mode voltage compared to a
conventional method.
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Fig. 8 - CMV - Conventional PD Method POD Method

4.2 POD Method

Using this proposed technique common-mode voltage
for 400 V input is 14 V as depicted in Fig. 9. In the con-
ventional PD technique, the common-mode voltage for
400 V input is 32V as shown in Fig. 10. Thus, the sug-
gested PD approach has reduced common-mode applied
voltage compared to the conventional method is shown in
the Fig. 10. Table 2 shows the statistical analysis of PD
and POD method.

Table 2 — Statistical Analysis of PD and POD Method

Com- |Before |POD PD

mon |Reduc- |Conven- |[Pro- |Conven- |Pro-

Mode [tion tional posed |[tional posed

Volt- Method |(Meth- |Method |Meth-

age od od
400 32 14 60 20

The table's summary of the data shows how well the
suggested approach performed in lowering the Common

Mode Voltage (CMV) under the two modulation strate-
gies of Phase Opposition Disposition (POD) and Phase
Disposition (PD) when compared to the traditional method.
The CMV is 400 units prior to reduction, which suggests a
significant degree of noise and possible interference. Re-
garding the POD methodology, the traditional approach
achieves an 88 % reduction in CMV, bringing it down to
32. The CMYV is further reduced to 14 by the suggested

JJ. NANO- ELECTRON. PHYS. 17, 03012 (2025)

20 ' i i ' i
-~ 10
El
50
el
o
10
=20 \ . \ , , 4
0 0.4 0.2 0.3 04 05
Time (Seconds)

Fig. 9 — CMV-proposed POD Method
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Fig. 10 - CMV-conventional POD Method

method, a 96.5 % reduction that is noticeably superior to
the traditional approach. Regarding the PD methodology,
the traditional approach achieves an 85 % reduction by
bringing the CMV down to 60. The suggested approach
results in a 95 % decrease, or a reduction to 20. The sug-
gested strategy has fewer trade-offs and lower CMV values
than techniques reported in earlier research. For example,
the suggested method provides reductions exceeding 95 %,
whereas conventional CMV reduction techniques typically
show reductions in the range of 70-90 %. This study's
methodology demonstrates its versatility by guaranteeing
greater compatibility with both POD and PD modification
strategies.

The initial output voltage and common mode voltage
of proposed multilevel inverter without POD and PD
PWM techniques is high in amplitude as 400 V. The POD
and PD techniques has been incorporated in the proposed
multilevel inverter to reduce the common mode voltage.
The common mode voltage is reduced as 14 V by POD
method and 20 V with PD method compared to the con-
ventional methods.

5. CONCLUSION

Common mode voltage for the different dc input val-
ues has been measured and compared. An innovative new
method of topology for a 5-level inverter has been used as
a proposed method in this paper. Thus, the output volt-
age and their respective waveform have Efficient and
must be employed to reduce harmonic distortion. Com-
mon mode applied voltage gets reduced up to 8% of the
initial value using the POD technique. It could get re-
duced further by using proper values. Hence, the POD
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technique is more efficient. From the above comparison,
it gets concluded that the POD method is the best method
when compared with the PD method. By using the PD
method and POD method common-mode voltage gets
reduced. Although the suggested approach reduces CMV
more effectively than the traditional approach, there may
be additional computing needs and implementation com-
plexity. The trade-off between performance improve-
ments and the difficulty of changing hardware or algo-
rithms should be examined in future research. There
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3MeHIIeHHA 3arajJIbHOro (CyMapHOro) MOJOBOT0 HANIPYKEHHA 3a JOIIOMOT0OI0 HOBOI iHBEPTOPHOI
cxemu T-Tuny a1 3acTOCyBaHHA B €JIEKTPOMOOLIAX

C. Vmial, Y. Bimaapamx2, B. Amagaxymap?, K. Txaurapamrau3, A. I'iral, I1. I'irat

1 Kagheopa enexmpomexniku ma esnekmporiku, Incmumym nayxu ti mexnono2iti SRM, Kammankynamyp, Yennai,
Taminnao, Inoia
2 Tnocenepruti konedxc Builders (asmonomnuil), Hamxarxaoaiiyp, Tipynnyp, Inois
3 Inowcenepruti konedawc RVS, Koimbamyp, Taminnao, Indis
4 Inowcenepruii konedoc Karpaga Vinayaga, Yernnai, Indis

Bararopisuesi iuBepropu (MLI) € Bak/mBrMHU eJIeMeHTaMU y CHCTEMAaX KePYBAHHS CepeHbO- Ta BHCOKOBO-
JIBTHOIO TIOTYSKHICTIO. ¥ ITI¥ CTATTI IpeJCTaBJIeHO HOBY 1HBEPTOPHY cxemy T-THILy, IO peasri3yeThCs 3a JOTIOMO-
TOI0 METOY IIUPOTHO-IMITYIbCHOI Moyl (PWM). OcHOBHUMHY IIISIMHE €: OTPUMAHHS IT ITUPIBHEBOI HATIPYTH
HA BHXO[Il, 3MEHIIIeHHs 3arajbHoro momosoro HampyskeHHs (Common Mode Voltage, CMV). 3amnpomnonosaua
KOHCTPYKIIA BKJIOUAE MYJIbLTHCTAHOBY (0AraTOIOSHIIIMHY) KOMIPpKY MIepeMUKaHHs, aKa Iokpairye PWM-
CUTHAJIH, 110 TToJanThest Ha Kepyiodl Bxogau MOSFET-tpansucTopis, 103BOJIS0OUM TOCATTA HU3BKOTO PIBHS BTPAT
Ta BHCOKOI edpeKTHBHOCTI poboru iHBepropa. Kiodosi 0cobauBocTi: 3HMMKEHHA KiJTBKOCTI HAIIIBIIPOBIIHUKOBUX
giaouis, IlinBumenssa edeKTUBHOCTI Ta HAMIMHOCTI, 3MEHIIEHHS TUPKYIAIIAHUX CTPYMIB y HiAIIUITHAKAX eJIe-
KTpOoABUTYHA 3a paxyHOK amenuieHoro CMV, 110 0co6I1MBo BasKIMBO B ACHHXPOHHUX IPUBOJAX €JIEKTPOMOOLIIIB.
Mopgens imBepTOpa peasnizosano B cepenosuini MATLAB/Simulink, peayabraTi 4mceIbHOTO MOAEIIOBAHHS IIT-
BepanIn epeKTUBHICTD 1 MPalle3IaTHICTh 3aIlIPOIIOHOBAHOI CXeMH JJIS 3aCTOCYBAHb CePEeIHbBOI IIOTYKHOCTI Ta HAa-
upyru. Hosa apxirtexrypa T-tumy MLI 3abe3neuye ekoHomiuHe, MaciTaboBaHe Ta eHEeproeeKTHBHE PIlTeHHS

JUIS CHCTEM eJIEKTPOIIPUBO/IIB.

Knrouosi ciiosa: Bararopisueswit inBeprop, Edexrusmicts, MOSFET, 3arasibhe momoBe HampyskeHHs1, Brpatw.
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