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Abstract

In this paper, an asymmetric source configunatibMultilevel Inverter (MLI) topology has beengmosed. It consists of eight
unidirectional switches, two bidirectional switchesd four isolated DC sources. By considering 1l 4:4 source
configurations, the inverter produces 25-level 2tidevel outputs respectively with the same switghaction. For producing
negative voltage levels, there is no requiremesepfarate backend H-bridge and inherently prodoctspositive and negative
voltage levels. The main advantage of this topolisghat in every state, only four switches ar©®M mode and else are in OFF
state. It also gives less per unit Total Standiraitdge (TSV) and thereby cost requirement of sendootor devices can
become decreases. For generating gate pulsesntpke Nearest Level Control (NLC) has been useddrysidering the round
function. This technique is basically a fundamestaitching frequency technique thereby switchingsks are greatly reduces
as compared with high switching frequency PulsetiWModulation (PWM) techniques and it is particljasuitable for large
number of levels. With this control technique, thes no inrush current has been developed at fhe if DC sources. Finally,
with step change in Modulation Index (M) valueg throposed topology with two different source cguafations have been
validated through MATLAB/Simulink platform.
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1. Introduction

In recent years in the view of current resedarehd of medium voltage and high-power energy @inthe multilevel inverter
technology has been used very extensively as aortangt alternative (Rodriguez et al., 2002). Thestwidely used multi-level
inverters are Diode clamped, Capacitor clampedGastaded H-bridge MLIs described in Rodriguez e{28102). Generally, in
all multilevel inverters, the major losses are shiitlg losses and the cost of the inverter depemdsiwnber of switching
components. Hence it is a challenging task to ¢éisearchers to reduce the component count (Gujgtla €016). The Multi-level
inverters with reduced switch count can also bel usethe application of renewable energy integratio the grid and drives
application. The recent topologies developed fes¢happlications are described in Bana et al. (2048ny different topologies
of multilevel inverters exist but it is to be notdtht some submodules (SMs) exist very commonillithe topologies (Vijeh et
al., 2019). In the present research trend of reducumber of switches in a multi-level invertergauf one switch is reduced, the
gate driver and few assembly parts are eliminatbtiwreduce the cost of equipment. A newer vergsibmulti-level inverter
with a DC link MLDCL inverter described in Su (200%vhich reduces almost half the number of switcfigégre are many Pulse
width modulation techniques which are introducedtfe switching control strategy of multi-level ewers such as PD (Phase
disposition), UPD (Uni-polar phase disposition) asidusoidal. The UPD PWM technique for a 7 level DAL inverter is
described in Kumar et al. (2021) with %THD as 19631Generally, an LCL filter is used to reduce th&@Hb below 5%
according to IEEE standards. A switched capacitmeld MLI using UPD technique is described in Bhaaudar and Murthy
(2021), which uses LCL filter for connecting MLI toe grid.

The other technique called Nearest level Contral@Ntechnique is most widely used in multilevel énters for high levels.
The NLC technique is not preferred for low level Mlas they generate lower order harmonics. In Mestand Borghate (2015),
the nearest level control (NLC) voltage balancingtimd is applied to modular multilevel converteneThew topology consisting
of Multilevel modules and full bridge converter geating 125 level output is proposed in Ebrahimakt(2012). Multilevel
inverters can be classified as Symmetrical, Asymigadtand Modified MLIs. Generally, cascaded H-lged(CHB) multilevel
inverter gives better result with less %THD, bujuiees many DC sources and generates only positiitage levels. In Pereda
and Dixon (2012), an asymmetrical CHB MLI is propdsvhich uses only one DC source and can be apiplietectric vehicle
applications. A crisscross MLI with reduced numb&components is proposed in Khosroshahi (2014)¢chvhas very advanced
features. A cascaded MLI with added H-Bridge inieseiconnection can generate all voltage levels é§Babkt al., 2015). An
attempt to reduce the number of individual DC searfor cascaded MLI has been done in Babaei ¢2@14). A new 53 level
multilevel converter is proposed in Babaei (2008hjch includes reduction in switches, losses argfaitation area using 22
IGBTs. A new cross connected sources (CCS) based iMlproposed in Gupta and Jain (2014) and analyflpedboth
asymmetrical and symmetrical source configuratiohsnew topology called switch-ladder and stackedlticell converter
topology for MLI has been proposed in Alishah et(2017), Hosseinzadeh et al. (2012) and Sharma&apdor (2016) for power
quality applications. In this paper a new topolagyan asymmetrical MLI is proposed using NLC tecjua with 1:5 and 1:4
source configurations with a slight change in matah index.

In this paper, Section-2 describes proposed asyriwaklLI topology. In Section-3, the NLC schemedisscribed. In Section-
4 the simulation results are discussed and firiadlgtion-5 gives conclusion.

2. Proposed Asymmetrical MLI Topology
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Figure 1. Proposed Asymmetrical MLI topology

The proposed asymmetrical MLI topology is showrrigure 1. The proposed circuit consists of eightdirectional switches
and two bi-directional switches with four DC sowsc®#Vith source configuration of 1:5, the peak vgdtabtained as +12yand
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with source configuration of 1:4, the peak voltadeained is +10Y¥. The switching table for all the voltage levelssioown in
Table 1.

The proposed topology is simulated in MATLAB/SIMWNIK platform and 25-level output has been generaitiélal 1:5 source
configuration. Similarly, using the source configtion as 1:4 with same switching action, the 2&leutput can be generated.
To generate peak output voltage of +12¥ 1:5 source configuration topology (i.e3/V4. and Vo= 5V;) the switchesi| Is, I, Ig
are turned ON and remaining switches are OFF, wiricludes all the DC sources. Similarly, to genertdite voltage level of
+6Vq. in 1:5 source configuration topology (i.e2/V4 and \b= 5V;) the switches,l Is, I, lg are turned ON and remaining
switches are OFF, which includes only two DC sosirdéne entire switching action is shown in Tablevhijch includes all the
voltage levels positive and negative levels fro@Wdc to -12Vpc.

Table 1. Switching Table 1:5 source configuration

5. No ON State Switches Output Voltage
1 L-IL-I,-Ii 1V
2 L-L-I,-Iy 2V,
3 L-L-I,-L 3V
4 L-L-I,-L 4 Ve
5 L-L-I,-L 5 Vi
6 L-L-I,-I 6 Vic
7 L-L-I,-L 7 Vac
8 L-L-I,-I 8 Vi
9 L-L-I,-I 9 Vi
10 L-L-I,-14 10 Vy,
11 L-I:-I,-Is 11 Vy,
12 L-I;-1,-14 12 Vy,
13 L-L-I-I 0V,
14 L-L-L-I -1V,
15 L-L-Ii-I -2 Vy,
16 L-L-I-L -3 Vg,
17 L-L-L-I -4V,
18 L-L-IL-IL -5 Vg,
19 L-L-IL-L -6 Vi,
20 L-L-L-I -7 Ve
21 L-L-ILi-Iy -8 Vy,
22 L-L-ILi-Iy -9V,
23 L-L-IL-—Iy -10 Vi,
24 L-L—I;—I -11 Vg,
25 L-L-I-I 12 Wy

3. NLC scheme

Generally, in any inverter the control schemeygla vital role and these schemes control the gaignals of the switches. In
this paper, the technique called Nearest level ©bmechnique (NLC) is used to generate an outmltage of 25-levels. The
scheme is explained with the control diagram andefeam synthesis shown in Figure 2. From the cdmtimgram, it is clear that
the reference signal,¥(Sinusoidal) is given to the gain block of the &M, The ratio Ve; / V4. is given to the round function
which determines the nearest voltage level froncivitihe switching logic of the inverter is derivatagiven as gating signals to
switches. A nearest level control technique is ohémportant technique preferably used for highelenverters. If the NLC
technique is used for low level inverters then engrates lower order harmonics which are quitdcdiff to eliminate. The
waveform synthesis proves that the reference veltags exactly at the midpoint of the staircaseef@wn as the rounrg {}
function is applied.
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Figure 2. NLC Scheme

4. Simulation Results

Figure 3 shows the inverter input DC source enils with 1:5 source configuration. The peak valti¢he current is reduced
suddenly if the modulation index is shifted at 8.06 is clear from the figure 3 that there arehonge inrush currents at the input
of the inverter. Figure 4 shows the inverter outyaitage and current. The generated 25- level duigth peak value as 12y
(with Vg = 20V) = 240V is shown in figure 4. After the mdation index has been shifted from 1 to 0.4 thesiter generates 11-
level output with peak value as = 100V. The peak inverter output current at motioeindex as unity is 2.398 A and at 0.06s
the peak value has been reduced to 0.9953 A. ©hage and current stresses of all switches forsbiirce configuration is
shown in figure 5. The 21-level output voltage lué fnverter with 1:4 source configuration is shawifigure 6. The peak voltage
value of the inverter is +104d¢= 200V at modulation index as unitf¥he output levels of the same inverter configoratire
reduced to 9 levels at 0.06s when the modulatidexris shifted to 0.4 from unity. Now, the peaktagk value of the inverter is
+4Vy4. = 80 V. Similarly, by referring to the inverter tput current waveform from the figure 6, the pealue of the current
before 0.06s is 1.996A and after 0.06s the peakentiis reduced to 0.7986 A as modulation indexeduced to 0.4. The
Simulation parameters are given in Table 3.
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Figure 3. Inverter Input DC source currents for 1:5 souraefiguration with modulation index shifted fromd @.4 at 0.06s

The Comparison of different asymmetrical MLI topgiks is shown in Table 2, where ‘p’ indicates, nemaf levels. In
Hosseinzadeh et al. (2012), the number of IGBTsired is 1012g"- where ‘p’ is considered as 17 levels only. The harim
analysis is shown in figure 7, here at the fundaaldrequency the inverter peak output voltagei8.8V and %THD is 3.26%
then it finally meets the IEEE1547 standards
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Figure 4. Inverter Output voltage and Inverter output curifentl:5 source configuration with modulation indshifted from 1 to 0.4 at 0.06s



6 Bharath Kumar et al./ International Journal of Engineering, Science and Technology, Vol. 14, No. 3, 2022, pp. 1-9

M‘ H —I Eﬁ“ ks
0.05 0.1
QaNT #
0.05 0.1
20 Wi VT R 200/ — I 100
Izhs-‘rn.sss ST ELS IRST s
10 100 50
0 AIFI:I_-_"[-I’:"JI’I‘.-,‘”P,-'II h"‘!\"l"‘ lrlfl llnalll 0 0 . | | . | il
0.05 0.1 0 0.05 0.1
’ 110
0 0.05 0.1 (1} 0.05 0.1 0 0.05 0.1
Time (seconds) Time (seconds) Time (seconds)

Figure5. Voltage and current stresses of all power semicotodswitches for 1:5 source configuration.
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Table 2. Comparison of different asymmetrical MLI topologii€&eneralized Equations

Topologies Nigat Driver Yources TSV*(Vpc) | NegativelLevels
Ebrahimi et al. (2012) Blogt Slogt 21ogt 2.75(P-1) With H-Bridge
K hosroshahi (2014) ogi™t+ 1 2(logE™ +1) legf™i—1 3.667(P-1) | With H-Bridge
Babaei et al. (2015) Siogi*5-9 Siogh*5-9 3iogh*5-8 (3.5P-4.5) | With H-Bridge
Babaei et al. (2014) TR SR C (ped) 3(P-1) With H-Bridge

Fllog. -~ + 11| %1 Il’_‘lg3 = +1J! ;!r_'ng_;_ =
Babaei (2008) [y (p+3) (»+3) 45(P-1) | With H-Bridge
Gleg, ~ +4 Heog, +4 2log,
Gupta and Jain (2014) VEF—3+ 1 vEF—3+ 1 05{y4P—3— 1} 2(P-1) Inherent
Alishah et al. (2017) ioiog}, Blog:- dlogi- 2.5(P-1) With H-Bridge
Hosseinzadeh et al. (2012) 10legh, Slogl, 4logh 25(P-1) | With H-Bridge
Sharma and K apoor 1010gf, 8logh 4logt 25(P-1) | With H-Bridge
(2016)
Proposed Slogf Slegh 2logh 2.5(P-1) Inherent
= Fundamental (50Hz) = 240.6 , THD=3.26%
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Figure 7. Harmonic Spectrum of Inverter Output Voltage-2&leoutput with 1:5 Source Configuratiokll=1.0

Table 3. Simulation Parameters

S.No Description Value
1 Ve 20V
2 R 100 ohms
3 L 30mH
4 Output Frequency 50Hz
5 Voltage gain 1.0
6 | Source Configurationsj 1:5and 1:4
7 M odulation Index 1t00.4
8 TSV (p.u) 5.0
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5. Conclusion

In this paper, a new asymmetrical MLI topologighwiwo types of source configurations has beemased and which requires
less switch count when compared with other coneealti topologies. The cost requirement of the swilgldevices can become
reduces since less per unit TSV value is obtaiBedically, the reduction of switch count indicatieat the respective reduction in
gate drive circuits, heat sink and protection dtecurhe NLC technique is used to provide the gmtises to the switches which
reduces switching losses and %THD value greatlygesl as compared with other conventional PWM coméchniques. The
change in peak value of the inverter output voltage output current is observed with the step chafgnodulation index values
from 1 to 0.4. The %THD value obtained for 25-law@erter output voltage with 1:5 source configion is 3.26% and finally it
meets the requirement of IEEE standards. The drelwbéthis topology is that it does not provide amgosting ability since
voltage gain as unity. This topology is well suleafor grid connected applications.
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