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Abstrac® Significant interest has been shown in switched to fundamental invertersuch asthe flying capacitor (FC)
capacitor (SC)based multilevel inverters (MLIs), which  type, the most current muliével inverter configurations
decrease the need for ®C supply and enhance power gality.  require a simpler structure in the system [4], cascaded H
The common issues with S@ALIs include an uneven bridge (CHB) [5],and the neutral point clamped (NPC) [6].

distribution of conducting paths, increased voltage drop across | diff ML loai h b
capacitors, the sum of all inverter DC link voltages across the n recent years, different topologies have been

highest voltage rated switches, and a higher total standing described in [7] without connection with théhree
voltage (TSV). The purpose of this paper is to create a S®ILI  traditional forms of categaation. Furthermorethe authors
with less components in order to maintain a constant voltage in [8] present the sulmulti-level converter desit.
across the capacitors, to obtain higher voltage gain with fewer Configurations based on coupled inductors are described in
parts, fewer conducting routes, lower TSV, and to create a g1 Athough these structures are fundamental, expanding

more affordable and effective inverter. The structure of the th ¢ . | Is i difficult task. In 110 |
MLI is created by a cascade interconnection between the em to maximum levels is a difficult task. In [10], a nove

number of SC cells. A single input multiple output (SIMO) SWitched capacitordC)-basedVLI topology with enhanced
converter boosts the DC-link voltage over the stable DC approaches is imrdduced.
voltage of the solar panels using a modifiedperturb and Numerous topologies in both symmetric [1112] and
observe_ (P&O) method. Additiona!ly, fewer switches in the asymmetricare discussefL3], [14]. Asymmetric topologies
conduction path and 50% of the switches operating at normal s sources with various voltage magnitudes as opposed
frequency guarantee a decrease in an overall loss of power in . . . .
the proposed network. The benefits of the recommended MLI to symmetric topologies, which use the S_ame magnitude DC
are made clear by comparig themwith 17-level MLIs in terms ~ Sources. In [13]the development of a switched ladder MLI
of the number of elements, stress, gain, and cost factor. iS described toprodu@ the highest level with smaller
Detailed experimental results are shown under various components. Reduced switch designs have been created in
”a”Sif_m Cllondi'ti%Ts _T_‘;] S*t"ot""l Lhat the ldq'etvelt' prO(t}DHDp;B i;S [16], [17], althoughthe authorsan use stronger DC sources
operationally viable. The total harmonic distortion -
fopund to beyidentical and is less than %0, which meets IEEE tq produce the necessary output yoltage llevéith the
standards. different sources (M>Vdc1) used in [18], the level
generating unitcannot synthesie the voltage levelA
Index Terms$ Switched capacitor, Photovoltaic; Electric ~ coupled inductor based on a niolated multinput
vehicles Multi-level inverter; Maximum power point tracking;  interleaved converter has been descripgd9]. In terms of
Total harmonic distortion. the SC methodthe aithors in[20] depict a novel MLI
topology with a full bridge. The application is limited by the
. INTRODUCTION control complexities and increased device count in the SC
The challenge of fundamental inverters in achieving théLI topology with a fulkbridge backend described in [21].
favoured situations, such as a sine output and mirtmtall  The highfrequency output cannot be prasd with a low
harmonic distortion THD), has become more difficult asswitching loss since the carrier frequency serves as the
the demands for maximum power quality in industriagwitching frequency [22]. Due to the smaller size and
applications angbhotowltaic (PV) systems have increased.smallerweight of the system, higliequency output can be
Multi-level invertergMLIs) are given more consideration toused to implement circuits in electric vehicles (EVs) [23].
meetthe required specifications and provide an alternativéccording b [24], various technological challenges are
in terms of delivering higiquality power, reduced encountered andovercome the effectiveness of EVs
switching stress, modular construction, absenoé depends on the wagnergy storagdevices are interfaced.
electromagnetic interferend&MI), etc. [1i[3]. Compared  The singleDC-sourceSCGbasedVLI presented in [25] is
made up of two capacitors, nine switches, amd diodes.
Manuscript receive@3 Novembey 2022; accepte® February 223, MLI uses a grid-connected photovoltaic (PV) system
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without a transformer, as shown in [26]. Additionally, there A control strategy is necessary for a-fad inverter to
are numerous topologies that suppgbguse of T-type NPC generate a constant DC voltage. Numerous approaches,
MLI as a crucial component of the overall structure [27]ncluding particle swarm optimgation (PSO), fuzzy genetic
Ten switches areeeded for thecascadeTNPC MLI in  algorithms, and artificial intelligence (Al), have recently
conjuctionwith the FC Hbridge architecture presented inbeen used to have an automatic control based on training
[28], and FC is reported to have the fewest devices. Tata to manage desired voltage [44]. It is a remarkable work
decrease the number of switch8&; sources, and control to choose the MPPT methodology fdine appropriate
complexity, various design changes hanezently been application because each method has advantages and
made [29]. These architectures can be genericalflisadvantages of its own.
categorsed into two multisources nosstepup MLIs and Conventional techniques cannot extract global MPP
decreased input SBased boost type topologies. Thg GMPP)underpartial shading conditions (PSC) [45]. With
switcheddiode and source MLIs are regarded as the nothe use of several MPPT methodologies, the performance of
boosting type MLIs since they lack thetrinsic boosting theconverter and the variable step sia€ial basis function
feature. The structures are created in|,[381] to attempt network (VSSRBFN) MPPT is evaluated.
and minimge thenumberof DC sources. The main function of themulti-level inverter is to
Capacitors arelpced throughouthe load and receive an integrate various levels oDC voltages to obtain the
equal distribution of the input voltage; as a result, thexequiredvoltage. Because of this, mulével inveters may
cannotincrease theoutput. Series diodes are used in theeadily supply the high power needed by a huge electric
circuit conduction route presented in [32] for use inraction drive. Due to the low weight and size of the system,
renewable energy applications. Therefore, it is impossibtee high-frequency output can be used to implement circuits
for them to operate with extremely inductive loads. in electric vehicles (EVSs[46], [47]. To produce an output
The configuration presented in [33] also has thdedd voltage wth a 17level range, the authors uséwo DC
benefit of improvingthe voltage by incorporating a floating sources and sebialancing DC-link capacitors. Because
capacitor. The voltage spike that appears due to inductigapacitors are sebfalancing, a more complicated control
loads alone during the first voltage step can be removed &lgorithm is not necessary to maintain voltage balance. The
adding another switch [34]. For DC Microgrids, ammodified P&Opowered MPPT approach ised to harvest
intelligent controller with a higher gain noisolated the peak energy of thesolar array. Additionally, the
converter has been described iB][SC-MLIs with a single proposed topology provides much léstal standingvoltage
source, includingnlarged versions, are also covered by th@SV), making it a viable solution for high voltage
most recent studies. The charge spike in SCs is addressedfplications. Theerformances of theddLlIs are depicted
[36] by constructing an MLI with a quasgsonant fronend and compared wh numerous MLI techniques based on
architecture and a full bagdnd bridge. Burce voltage is different metrics, including device count, power losses,
shared betweerapacitors, and each capacitor is chargeefficiency, and THD. The proposed system is examined in
evenly. As a result, this architecture does not effectiveMATLAB/Simulink, as opposed to being examined
increase voltage. At the cost of sizable elements, the Mekperimentally using a hardware setup.
circuits described in J7], [38] satisfactorily minimise  The design consideiiah of the proposed techniquésin
voltage stress. The development of a sirsglarce hybrid Sectionll. The converter technique is proposedSection
NMLI to produce diffeent levels of output while reding 1ll, and MPPT controlleris proposedin Section V. The
the stres onswitches is also investigateid [39]. The smulation results andthe discussion are presented in
proposed converteblock diggram is illustrated in Fig. 1. SectionV. Experimental results are analysedSectionVI.
The DC-AC inverter and load ared withthevoltage from The evaluation of power losses and efficienisypresented
a DClink [40]. Temperature and irrgation both affect the in Section VII. The comparison study is presented in
s o | a s outpuY @hich is not constant [41]. Consequenth&ectionVIII andSectionlX presents the conclusian
it is crucial togetthe greatest power fronmé B/ module,
which is consideredmaximum power point tracking [I. DESIGNCONSIDERATION
(MPPT) [42], so that the PV panaelangeneratesffectively
despite numerous environmental changes. A-mr A. Solar PV
converter significantly contributes the handling of higher The aalysis of a PV system includes a critical
power whenVIPPT is presnt in a system due to the way thecomponent calledfisolar cell modelling. An analogous

duty cycle chang€#3]. circuit with characteristics of power voltage-¥p and
currentvoltage (FV), the impact of solar temperature and
i irradiance, and PSC are three categories that can be used to
v mimic solar PV. PV is simdr to the phrasefiphota® and
29 | |Boost DC-DC 17-level i fivoltaicd, which denote the conversion of photonic energy
Sees VPV | Converter SC-MLI : : : :
%‘ —L>\ into electrical energy and, respectively, photonic and

oating electrical energies [48]. There arensemiconductor diodes
Stgnal in [49]. The solar PV system is intended to chatgeutput
in response to changes in temperature and weather [50]. The
solar cell has internal resistanaghas R and R that are
Fig. 1. Generalised block diagram of the proposed converter combined in series and parallel with the diode, as shown in

MPPT
vpv |Modified
P&O
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the corresponding circuit in Fig. 2. The PV output voltage _, 4G o )
andcurrent are denoted bysVand by, respectively. These lsc =1 Sd% Qﬁl(r Fi). (6)
are obtained from the parallel and series connections of
multiple PV modules as indicated (b The temperature coefficients of the PV cell ar@nday,
) . respectively, according to the abasadculationg54].
o ~ g el
IPV :?l ph -IO %Xpaq(VZKTrRI\Sl:IPV) 91- L;J(Vp\ll\l +||§SSE| P) ﬁ(l) Short- circuit Maximum Power
f e ¢ e + B selsh Y current (Isc) Point (MPP)

Imax -V curve '

whereNse andNsn are the numbers of solar arrays in series

and shuntRs is the series resistance, aReh is the shunt 1
resistance. A is the semiconductor ideality fackoris the

Boltzmann constant (1.3806503X¥Q)/K), and T is
temperaturel, is the current produced and is based on the
temperature and irradiation shio in (2)

Current (A)

)

A A
o

. a G
Ip = @ SK- STM k i(T -FSTM) €a=G—
GsTm Voltage (V) Ve
Open- circuit

wherelskstum is a shorcircuited current irstandard testing Voltage (Voc)
cases (STM),K; is the solar control center(SCQ  Fig. 3. I-V characteristicef solar @lls.

coefficient, G (W/m?) is the irradiance on the cell surface,

the cell temperature i$stw and Gstw is the irradiance in - B. DC-DC StepUp Converter

STM, [51]. Figure 1 depicts a DEDC stepup converter with a single

) input and several outputs fixed between the solar panels and
Iph ]
=

— — the recommended inverter. Three independent DC sources
Photo current ish VRVSV are available from this converter in the ratio 4:9:3To
l minimise inconsistent voltages and step size fluctuations
fd — caused by various climatic circumstances, the converter runs
l §7 Rshgresistance " off a single solar PV panel [55]. Using the relationshifs
™ possible to determine tmeagnitude of théenductane

L

= , 7
4af 1, ()

Fig. 2. Equivalent circuit for slar cells.

wherem is the modulation indeX/qc is theDC voltage fs is
the switching frequency; is the ripple currenianda is the

(3) overloading factgr which is usually 1.25. The capacitor
value can be determinedingthe relationship

F ISK— st K i(T T STND

I =1 N
° i expg Vst Kou( T -Tod/ AVStQ

@E:—t)

o

where Vokstw is an opertircuit voltage at STM,Kov _a DI, ¢
L F o : T® 508 ¢ (8)
represents the opagircuit voltage coefficientand Vs is ¢V 2 0.5 -
the thermal voltage of the swl cell. Power produced by
sola cellsis measured by4) wherelq is theDC current,r is the ripple voltage, and is
the duty cycle. The relationship shown below can dsel Wio
a a qVv 0 V& determine the converter duty cycle
Fov =Vey 3NSH§ ph F@X%& o] & f (4) y ey
AKT N & NG ! . ,
¢ ¢ E E D_a V0 { ©)
vk
Figure 3 [52] displays the solarV/P-V characteristics. ¢ Vo -

The curve makes it obvious that the PV operating point is

unstable; it continuously changes from zero teregircuit [l.  PROPOSEDCONVERTER

voltage. For the solar PV design at different irradiances, The design of a Lievel MLI with two SC units coupled

there is a single point in this process that generates peakascade and fewer components is depicted in Fig. 4. Two

power. With variations in climate change, solar P\asymmetric DC sources make up the proposed MLI

production continues to change[53]. At changing architecturewhich is devoidof inductors. An asymmetrical

irradiance, thé/oc andlsc are measured using (5) and:(6)  configuration is created by the tvdifferentvoltagevalues.
With this MLI technique, the number ddsues related to

Voe =Vod (T Ti) (e | & (5) power qualityis reduced, including voltage stress, cost
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factor, total standing voltage (TSV), and cost per unit with Table | shows the state of operaticais well as the
varying weight factorsCompared to other topologies, thisdirection of thdoad current through the switches.

topology prowdes a lower TSV.
TABLE I. CREATION OF VOLTAGELEVELS BASED ON THE

CONDUCTIVITY OF SWITCHES FOR 17.EVEL MLI.

States Loa(:);ﬁ rent Output Voltage (V)
/ S3 1 S0 S S, S S 8Vic Vi+Vea+Vo+ Ve | +400
2 D, $ 9SS Ve Vi+Vo+Ve +350
‘ 3 S5 S %S 6Vc Vo + Ve +300
4 Sa, %, Do, 83, S 5Vyc Vi+ Ve + Vo +250
5 Dy, S, D S S 4V Vi+V, +200
” 6 D2 S S S 3Vie V, +150
7 S S S S A Vi+Va +100
8 D1, S S S Ve Vi +50
/5 g 9 S S S 0 0 0
Vo| & 10 D, S S S Ve Vi -50
2 11 WSS S -2Vae -(Vi+ Vey) -100
12 Dy, S, S, S -3V -V, -150
- 13 D2, S DL S, S -4V -(V1+ Vo) -200
14 D2, S 5, S S -5V -(Vi+ Ver+ Vo) -250
15 S S5 S -6Vac -(V2+ Ve -300
16 S, S, D1, S, Se -TVgc -(V1 +Vo+ V02) -350
s1 17 | SS9 sss | 8ve | VitVarVer 40
Vo)
Figure 5 showsa few opeating modesand switching
pulses.
S6 H s3 S3
=ik
| So 1
+ +
s2 E s2 g
Vo g. Vo g_
S1 S1
S3 S3
+ +
S2 s. S2 I'°'
Vo, g- Vo g
S1 S1
Mode -6 Mode -9
(© (d)
Fig. 5. Proposedconverter operation mode@) Model, (b) Mode2, (c) Mode6, and (d) Mode.
- Model 50V, 150V, 50V, and 150V, accordingly, to reach a

To runthe circuit theSy, S, S, S, S, and &, switches  maximum value of 40¥. In Table I, the relevant switching
must be turned on. This creates a load current path whepelses, switching states, and current routes are shown.
the sources ¥ Vci, Vo, ard Ve; act to produce voltages of - Mode2
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To operatethe configuration switchesiDS;, S5, S, and  generated while the PV module is operatifige P-V graph
S, the sources ¥V V», and W, must produce voltages of of a solar cellillustrates this. Themodified perturb and
50V, 50V, and 150V, accordingly. This produces a observe algorithm in this study offers a number of benefits.
voltage of 7\4. = 350V. To achi&e MPPT, the modified P&O technique is based
- Mode3 on a change in the output voltage of a PV array, followed by
When the circuit is in operation, the switches S, S, an obsered change in power that results [57]. The real
and S turn on to create a load current rowmdere the operating point is located on the left side of the MPP and
sources Y and \; act in the circuit to produce voltages ofcauses the voltage to rise if therjurbation increases the
50V and 150V, accordingly, and receive a voltage of gV PV output power; otherwise, it causes the voltage to fall and
=300V. is on the right side of the MPP. It is maintained in this
- Mode4 manner until MPP isachieved[58]. The typical P&O
During operation, the S S, D, S5, and S switchesare  algorithm, represented by the\Pcharacteristics [58]as
activated by the M Vci, and \b sources acting irthe illustrated in Fig. 6, may be used to explain the improved
configuration, producing voltages of 50 150V, and 50v, version. The following equations areelated to this

accordingly, and obtaining a voltage of ¥ 250V. approach and describe it [59]
- Mode5
As the i and \ voltage sources operate in the circuit € dR, -0
. . . P —— = at MPP,
during operation, the switches,[5, D;, S5, and $turn on, Ay
producing vdtages of 50/ and 150V, accordingly, and f dP _
4V4.= 200V. i —~>0 at the left side of MPP (10)
- Mode®6 [
During this mode, the switches[5, S, and §, which }di <0 at the right side of MP.
are activated by the JWwoltagesource, provide a voltage of 1AV,

50V and receive a voltage of 3y= 150V.

- Mode7 L . . . %o dr,, (
To operatethe circuit,the switches § S, S, and Smust It is impossible to achieve precise MF Y, =0 ¢

be turned on. This produces voltages ofvelts and 150 GTR
i i . L adP.
xg:i accordingly, and results in a voltage ofs2¥ 100 Therefore, the more investigating format adR,, < e
: PV
- Mode8 ¢

. . h itch q , allowed with a small marginatrror which will limit the
During operation, the switches, 5, S, and $ activate sensitivty of the tracker.

when t_he \{ voltagesource _ispresent in the configuration, The sensitivity of the system depemh the magnitude of

produqng a voltage of 50 in each case and a voltage oft his per mi[ao} Ie[61], ehere SR is the Gcaling

Vac equivalent to 50/. factorto chang thestep size and adopt the performance of
- Mode9 _ _ MPPT, a VSS is used to increase the performance of PV
When the circuit is operating, the switches $, and S gystems as describétl(12) and (13). The poweo-voltage

turn on and provide a voltage oM Thus, the constructive yeriyative of a PV system determines the variable step siz
cycle is estabtihed. The switching states ajieen in Table ;g provided as follows

| and the negative operating modes are used to construct the
negative cycle. dp
—PV| 3 SE (11)

PV

VSS= ‘

IV. MPPTCONTROLLER

An MPPT controller is used to operate solar PV systems . _ .
so that the PV modulean generate a greater amount of Following equation provides the converter duty cycle at
power. If the controller is capable of monitoring and'nStantk’ D(k)
supplying greater power from the PV array during all of the
disturbances stated above, the efficiency and lifespan of the
PV are boosted. Providing the most electricity under
different climatic conditionscan be accomplished by the
source of the load. To get the most electrifigm a solar
panel, there are two methods. Both mechanical and D(K) = D(k ) ‘&
electrical tracking is involved. Solar panels that use dv,,
mechanical tracking adjust their direction in accordance
with climate variation patterns. TheM characteristics are  However, the use of\Ppower tothe voltage derivative
compelled to determine thmeaximum powepperaton point
of the PV arraywhen using electrical tracking [56]. The ="~ in (13) would have several problems, which can be
systend sinternal component system that supplies th&€ Vev
greatst power to the load is the MPP@ontroller. An  mentioned below as follows
appropriate methods usedto track the highest power 1.If the change inPV voltage (dVy) is low, the

D(k)=D(k 1) VSS (12)

Equation (2) can be written as

SF (13)
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adr, The design of a tevel MLI with two SC units coupled
derivative gz will be large. Tle power oscillations in cascade and fewer components is depicted in Fig. 4. Two

Gy asymmetric DC sources make up the proposed MLI
consequently increase
derivative adk, will be low. As a result, he power ~ The aforementioned topology was developed, simulated,
ngpV and both linear and nedinear loads we¥ checked on it in
oscillations are reduced, but tresponse time of the MATLAB/Simulink. Static and dynamic analyses of the
tracking process wodltake longer tochieveMPP. performance of theircuit are conductedor linear loads

Therefore, the proposed MPPT technique can overcom@€ smulation analysis uses 180and 300V as the values
these problems. In this method, a VSS is satili which Of the DC sources. As switchessulated gate bipolar

dependssolely on changes in PV powedRsy) instead of transistors(IGBTs) were employed. Nearesevel control
(NLC) [61] is operated in this design despite the fact that

adp,,
the derivative g2~ ( In this case, the VSS can bethere are numerous other switching strategies for switching

¢V - and control that are accessible due to the ease of
calculated as follows implementation in the literature. The BLalgorithm and
switching strategy are depicted in detail in Fig. 8 [62].
VSS=| dR| 3 SF (14)
xv«j
The converter duty cycle at instakt D(K) is obtained (N-1),/
using the preceding equation ;
Vref .
D(k)=D(k 1) [tR,| SF (15) W (. o= %
The flow chart shown in Fig7 describes the steps of the R s
modified P&O technique to evaluafe for switching the 'f .
converter. In this approach, PV values are absorbed in 1, (e :"'5
instant k and compared to the previous values at instant k 5 1 :
adr ( . . a1 az as as wt
to calculatedVey, dVey, and ae% { The accompanying A _T
CYVev -

Fig. 8. NLC waveform synthesis.

block diagram, depicted irFig. 6, will describe the
necessary processes to estimate the converter duty cycle. tpa analysis under various loading situations and the

results that were obtainedre presented and thoroughly
described in théollowing part

Vpv (k)

Scaling
Factor
(SF)

A. Fixed Loading Condition

Fixed R and RL loads are taken into account for fixed
loading conditions. Heating devices, which simulate

Fig. 6. Block diagram of the modified P&O algorithm changing constant R and RL loads, are a common example

of this type of load in domestic applications. g9 shows

the output wltage and current waveforms that were
produced dgng a fixed resistive load of R 100ohm.

(Weasure V9.1t ) Figure 10 showsthe output voltage and current waveforms
that were produced with a constant L load of@8. The
aV=V(k)-V(k1) THD of the output voltage is 4.8%, according tdhe fast

di=1(k)-I(k-1) . .

4PV VD) Fourier tansform (FFT) analysis. The lowerorder

harmonics in both situations are undeé5

Yos

Voltage (v)

Yes

dP>0

o 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

@ @ | | T";‘e -
Yes No Yes No [

[D(k)-D(k-I)-VSIl [n(k)-n(lm)ovul [n(k)-n(k-n-vss][n(k)-n(k-mvssl

Current (A)
A N o N a

0.035 0.04 0.045 0.05

o 0.005 0.01 0.015 0.02 0.025 0.03
((erums ) Time ()

Fig. 7. Flow chart of the modified P&O technique. Fig.9. Simulation output voltage and current for R load.
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' ‘ ‘ ‘ ‘ ‘ | currents. Additionally, there is no proportional relation
- ] between voltage and current. Therefore, it is essetti
o ] verify the performance of thdnverter under notinear

0 o005 001 o015 0oz o002 003 0035 004 0045 005 conditions. This section evaluates the invéster
e performance under various ndinear load scenarios. First,

Voltage (V)
o

]

g the load is assumed to be a basic switched resistive load,
§°/\\//\\/\\' and is implemented usin@ resistance (R= 1000hm)
5_5 , ‘ ‘ j ‘ coupled in series with an AC controller. The second load
KBRS I R B e W W SR (R 6 taken into consideration is a varialspeed drive, which is
Fig. 10. Simulation output voltage and current for L load. implemented as an inductive impedance RLOOohm &
80 mH) interconnected in series with an AC controllereTh
B. Varying R and RL Load analysis verifies theffectiveness of thproposed topology

Dynamic load modification is a frequent occurrence in @nd correct operatiom both linear and nofinear loading
practical applications. Both-Bpe and Rktype loads can Scenarios.
alter under dynamic load Heating loadsge.g, might be
categorsed as R loads along with heating appliarsesh as VI. EXPERIMENTAL VERIFICATION
furnaces and roorheating element3Vhen the temperature In the laboratory, aesting procedurds createdfor the
changes, the heating element R must also vEmgrefore recommended tevel MLI to ensure thait is suitable for
home heaters can function as anyBe load with a variety reattime adaptability. A 10§/ is the initial setting for a
of characteristics. A fault may result in an abrupt change programmableDC supply. The load voltage rms value is
load. Additionally, by controlling the motor speethe around 280/ as the voltage output is increased to 4 times
varyingload of theRL can be simulated. Due to these typethe input voltage. Two MURB860 arsedas D and I, and
of dynamic loading conditiond, is now essential tgalidae  switches with embedded antiparallel diodes, 12N60A4D,
the effectiveness of the advised inverter topology. are taken intoaccountfor S through S With internal
Performance is measured by the chamgloads froma resistances of 36, 18m, and 54m, accordingly, certain
without-load situation toa steady increase. The obtainedcapacitance values {{;) are the same as in the simulation.
voltage and current waveforms for the RL and LR loads afthe switching pulses (®)V are generated by a DSP
displayed in Fig. 11 and Fig.2. Both instances show thatcontroller that interfaces with Simulink. Fige 13 shows the
the voltage stays constant while only the current waveforexperimental setup dfieproposed converter.
changes in response to the load. Additionadlgamless is
the transition waveform.

L 1 L L L 1
o 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Time (s)

| I,HHJW‘H‘XH y J/FL\LLH g ;H/’f L‘H‘l“\—\:
S :

5. L n L L L L L
o 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Time(s)

Fig. 11. Simulation output voltage and current for RL load

N b
o838

Voltage (V)

Iy
8

Current (A)

]

Fig. 13. Experimental setup of the proposed converter.

) L L
L] 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Time (s) .pe
g° : ‘ ‘ ‘ : ‘ 4 These pulses are then amplified (to around/Pdy an
EnW isolated dwer circuit created utding TLP250, which
3 ; ; . ; . : , , . drives the switches. The driver circaiso offers sufficient
1] 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 . . . .
Time(s) isolation between the control and power cirsui@rrent
Fig. 12. Simulation output voltage and current fdR load voltage waveforms are collected ing a Scope Coder

(DL850E), and performance charactedstiare acquired

C. NonlLinear Load using a WT1800 power anabts Figure 14 showsthe

The inverter is frequently needed to supply {iorar experimental output voltage and current.
loads like rectifiers,computers, variable speed control The MLI is put through an foad test and is shown in
drives, switched mode power supplySMPS, etc. In Fig. 15. The voltage and currents that were achieved were
contrast, linear and ndimear loads draw nesinusoidal 400V and 4A, accordingly. The redts of the experiment
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for the L load are shown in Fig. 16.

Where the appropriate current and voltage are\4@éd

The experimental THD shown in Figj9 is 4.9%.

6.8A, accordingly, Fig. 17 displays the outcome for RL Harmenics o oy ors

load. Figure 18 shows the experimental results forLiRe

load.

Vv330V)

current (ipv) = 5 A)

Output tage (Vo) v

Qutput Current (lo)=1.8 A

i
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Fié. 14. The PV ad stepup converter voltage and current
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Fig. 15. Experimental output voltage, current, and power fooarl
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Fig. 16. Experimental atput voltage and current forlbad.
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Fig. 19. Experimental THD

VIl. POWERLOSS ANDEFFICIENCY EVALUATION

Switching and conduction losses reldto switches are
separated from werall losses. It is possible to use the
equation to calculate theonductionlossesof the switch
(16)

P = 8% R (1) 0, (16)

whereVs is thevoltage drop from thewitch, andRs is the
equivalent resisince of switch Conduction power Ry)
losses can be estimated using a modified equatidredito
instant of time given in (17)

c —Zpﬁcfj" Tsin@ it o u @7

whered represents thangle of discharge of theapacitor,
and the discharge stopping point of the capacitoris
indicated by the anglep g The conduction lossesrea
calculated fron(18)

=4 rJ gNIGBT () Ry, icer (D dt . (18)

Equation (19) abws for the calculation of switching
losses

TSV=2(, % Fon Mo nyy ) (29)
= Nonk s Nt
P=fa i=1 Enny *ta ., Eny, (20)
where Eon and Eqt are the energy utded by the switches,
and the total power lossesPgi 109 are determined as

follows

F?otal loss = IDcl +Ps|' (21)

Efficiency is determined by the relationship shown below

ut  — out , (22)
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where Pow and P, are the output and input power.nominal frequency, leestamount of voltage ripplephgest

Estimating the output power discharge period (LDP), maximum fundamental load
current, and all other relevant factors. The maximum
Pt = Vims ™ me (23)  discharge rate fathis time period is indicated
VIIl. COMPARISONSTUDIES 1
. . DQ., = i, (O, (25)
On the basis ofthe various factors stated below, a 2,0f ‘

comparison of the created-18vel MLIs may be maddt is
notedthat the parametexs the 17-level MLI techniqueare wheref is the output voltage frequency arid is the load
more affordable thamf the other recent topologiesThe current

proposed MLI is compared to various techrgg in Table Hence, the maximum dischargemount during this
Il, takinginto accounfmportant factors such as theantity interval can be expssed as, the largest dischapgeiod for

of the switch, DC sources, gate driver circuits, capacitor€;, is [ts, T/2 - ts]. Hence, the maximum discharging amount
TSV, and the number of elements per level. Thegduring this interval can be exgsse as

comparisons are shown graphically in F2§. Compaedto

the other tpologies, Fig20(e) shows a lower fulitanding DQ =i . 5y (O)dt (26)
voltage. Figire 20(f) compares the cost functions for several “2 opfld '

topologies and identifies the most cestective one. The

MLI presented in [63] uses moE&C sources at the expense From (25) and (26), the values af; and C, can be

of fewer switches and driver Discrete diodes are notdetermined

necessary for singleC SC MLIs [38] [37], but there are

many switches involveddn the contrary, therpposed 17 DQ., _ 1

7't3.
level structureemploysonly two diodes. Althoughhe use G = DV, 20f3\p ﬁf I (Bt (@7)
of capacitors facilitates voltagacrease the inrush arrent :
increases as the capacitor count increases. The DR, . 1 2 %0 (d 2
. o ; C, if i(Ddt (28)
recommended design minisas the currentinrush and DVe, 2pf 3\,

improves the reliability of the system mgng a minimal

capacitor. The power losiécreasesas there are more Thus, taking the maximum allowable ripple voltage

switches in the conducting circuit. ( eYequal to 10 of the corrsponding capacitor Viage,
Additionally, assessed for MLI topologies are maximunthe solution of(27) and (28) givethe optimum value of all

standing voltage (MSV) and TSV. TSV is calculated takinghe capacitors.

into account the voltage stress on each switch. The

traditional full bridge is eliminated while generating the AC TABLE II. THE PROPO&D 17LEVEL MLI IS COMPARED WITH

DIFFERENT MULTI-LEVEL INVERTERS.

output, greatly minimising th&SV. Minimum TSV has Components
been proposed for MLI in [33] and [29]. But the latter is a required _ [62] | [63] | [64] | (65 | Proposed
multiple-DC technique without the potential to boost, while N’\‘l’mbsr Offsg'tges 28 28 ig ig ig
the former needs approximately twice as many switches “Nur:g]ere ;foca;;(;ciirs 0 0 n 0 >
the proposed MLI. With the least number of switches DC sources ) ) 4 4 2
possille, the proposed MLI has a quadruple boosting gain. Components per leve] 4 4 317 [ 2 1.35
Additionally, the cost factorQ), which is described as Total standing voltagg 36 | 36 | 11 | 36 16
THD 412 | 37 - 7.1 4.9
U = 0.5 497 | 505] 35 [ 494 1.98
c _(Ngw + Ny gy Ny, N d-FSV)) Ndc(24) U = 1.05 294 717 | 414 | 918 | 2.89
; :

N,

The various values of the weighting coefficient are taken
into account when evaluating. Under both paramete(a
= 0.5 and 1.5), the suggested MLI has the lovggif the
other MLIs. As a result, the proposed MLI is possesses
high-quality output with the fewest switche®Vhen the

No.of swltches ---)
No.of Dlodes )

15 15
: I I i I I

&5
&=

capacitorsare connecteth series with the load and parallel s e e e e e
with the source at viaus times, all of the capacitors are @ (b)
able to seHlbalance to the desired vaffe levels. Due to the )

topologys primarily diode, switch, and capacitor charging
circuit, load characteristics ake no impact on the
capacitoré charging interval. Because dfi$, thecapacitor

6
o L ' s, . I .
As a result, regardless of the loading condition, all II , II.

charging and discharge intervdts each cycleare equal
capacitors retain their selbltage balance. Qaulating the “’2' 153118411651 Proposed [62] [63] [64] [65] Proposed
------ MLI -Topologies ------) ¢-=-==~  MLI -Topologies ------)

ideal value ofcapacitors takes into account fastesuch © @

w

Components
count per level
N
No.of Sources ---)
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1 10

6
I b
v o

[sz] [63] [64] [65] Proposed

= a = 0.5
==a=15

[62] [63] [64] [65] Propusad

MLI -Topologies MLI -Topologies
(e) "

Fig. 20. Comparison of various 1evel MLI: (a) number of switchegb)

number of diodes(c) number of DC source$¢d) nhumber of elements per

level, (e) TSV, and(f) number of costudnction level

(20]

CF\L
IS

(11]

(12]

IX. CONCLUSIONS

The recommended MLI can generate alévél output (3]
andcanbe utilised in PV energy with fewer semiconductor
components, whicheduce the cost and sizsf the inverter
while increasing system efficiency and reliability. Using 4]
modified P&O algorithrrbased MPPT approach, a steady
output is always obtained. The proposed MLI is
implemented using several SC connection configurations.
With just two basic units, a Hével MLI setup can be [15]
created by cascading them. Based on the nuwgftdevices,
TSV, THD, and cost functions per level, all MLIs are
created and contrasted with different topologies. Theg;
comparison study reveals that the recommended MLI is
more effective and has lower power losses. The
recommended MLI is testlusing a ariety of dynamic load
changes.The dectric vehicle and also renewable energyl7]
applications benefit from this topology thest
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