International Journal of Management, Technology And Engineering

A HIGHLY EFFICIENT AND RELIABLE INVERTER
CONFIGURATION BASED CASCADED MULTILEVEL INVERTER
FOR PV ENTITIES

'G. RAJESH KUMAR, Avanthi Institute of
Engineering& Technology,
Mail Id: rajeshkumarguddeti@gmail.com

ABSTRACT-This paper introduces an improved
cascaded multilevel inverter (CMLI) for efficient and
reliable configuration for PV. Proposed paper uses a
9 level cascaded multilevel inverter. It is based on
exceptionally effective and dependable configuration
for the minimization of leakage current and lessening
in size of electromagnetic interference filters. Aside
from a diminished switch check, proposed conspire
has extra highlights of low switching and conduction
losses. Moreover, the augmentation of proposed
CMLI alongside the PWM procedure for 2m + 1
levels is additionally introduced, where m speaks to
the quantity of photovoltaic (PV) sources, hence due
to 9 level here we have used four PV sources where
m=4. Proposed topology with the given pulse width
Modulation (PWM) procedure diminishes the high
frequency voltage advances in terminal and regular
mode voltages. A correlation of proposed CMLI with
the current PV MLI topologies is likewise exhibited in
project. The 9level voltages have been shown by using
Matlab software.

Keywords: CMV(common mode voltage),MLI(multi
level inverter),PWM(pulse width modulation)

INTRODUCTION

These days, grid-associated PV entities
have turned out to be one of quickest developing
and most encouraging renewable energy sources on
the planet. In 2018 it is assessed an overall PV
introduced power of around 321 GW, in most
preservationist situation, that is double the
introduced power in 2013. MLI topologies are
picking up significance because of their favorable
circumstances, for example, high proficiency, low
switch check, low weight, and decreased size. In
any case, evacuation of transformer dispenses with
the galvanic isolation between PV array and output
load. Expulsion of galvanic isolation builds leakage
current bargaining the wellbeing in PV entities. It
has prompted the improvement of different
wellbeing benchmarks for PV entities, which limit
the esteem or greatness of leakage current flow in
PV entity [1]- [5]. Aside from leakage current
minimization, there is a persistently expanding
interest for astounding power output to be bolstered
into grid from PV entity. This prerequisite has
prompted the utilization of MLI in transformer less
PV entities.

In writing, numerous topologies or
configurations of MLIs [6], [7] are proposed for the
minimization of leakage current for their
application in transformerless PV entities. These
configurations  utilize two techniques for
minimization of leakage current [8]. One technique
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is based on maintaining the basic mode voltage
(CMV) constant, while the other strategy is based
on the minimization of high-frequency changes in
terminal and CMVs. One exquisite arrangement
based on maintaining a constant CMV is proposed
by Zhang et al. [9]. The given MLI configuration
[9] comprises of eight switches for the generation
of three levels in output voltage. This topology
diminishes the switching losses however has the
downside of high conduction losses amid both turn
ON and zero voltage states. The given MLI
configuration has an uneven operation amid every
half-cycle of fundamental component of grid
voltage. The characteristic asymmetry in every
half-cycle causes a dc offset in MLI output voltage.
Moreover, the prerequisite of an extra number of
switches for more than three-level operation
confines its application.

Islam and Mekhilef [10] have proposed
another interesting transformerless PV MLI
topology to decrease leakage current by
maintaining CMV constant. This MLI topology
utilizes six switches for the generation of three
levels in inverter output voltage. This circuit
configuration results in high switching and
conduction losses. Besides, this MLI topology can't
be reached out to in excess of three levels in output
voltage. Xiao et al. [11] have proposed another
proficient three-level MLI for the minimization of
leakage current by maintaining CMV constant. The
given topology [11] has low conduction and
switching losses. In any case, this configuration
experiences the drawback of a high number of
gadget checks. Another interesting topology with
low switching losses based on constant CMV is
proposed by Ji et al. [12]. This MLI topology
comprises of six switches and two diodes. Aside
from bringing about high conduction losses, this
topology is less managable for an augmentation to
a higher number of levels in output voltage.

Another imperative technique to limit
leakage current is by the disposal of high-frequency
voltage advances in CMV. One such interesting
arrangement is proposed by Buticchi et al. [13].
The creators have proposed a five-level grid-tied
PV MLI topology. This MLI topology comprises of
eleven switches and four diodes. In this MLI, four
switches in low-voltage bridge are worked with
high switching frequency, while the remaining
switches in high-voltage bridge are worked with
the low switching frequency. For an appropriate
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operation of this configuration [13], the adjust of

flying capacitor voltage Vfc is vital. Moreover, PV

terminals in this MLI topology can't be grounded.

Based on a comparable idea, another great

proposition is given by Hong et al. [14]. In this

arrangement, the creators have proposed a solitary
inductor dual buck full-bridge inverter for the
generation of variable CMV at low frequency. The

MLI topology requires six switches and two

diodes. The switches in H-bridge are worked at a

low switching frequency, while the bidirectional

switch is worked at a high switching frequency.

Notwithstanding, subtle elements of expanding the

topology for a higher number of levels are not

clarified in project [14].

From previously mentioned talk, it is clear
that there is a requirement for a generalized
transformerless PV MLI, with less semiconductor
devices to accomplish the goals of high
productivity and economy. It ought to likewise be
guaranteed that PV MLI ought to have its
switching and conduction losses advanced with a
lower number of leading switches amid the zero
voltage state. Moreover, the augmentation to the
higher number of levels ought to be conceivable.

+«+ This project proposes one such answer for
the minimization of leakage current in
transformerless MLIs associated with PV
entities. The pulse width tweak (PWM)
entity for proposed MLI is additionally
talked about in project. The examination
of PV terminal and CMVs utilizing
switching function is introduced. This
investigation prompts the improvement of
proposed PWM strategy, which forestalls
high frequency voltage changes in
terminal voltage and CMV. Notable
highlights of proposed cascaded MLI
(CMLY) are as per the following:

+ The topology utilizes eight switches for
the generation of five levels in output
voltage.

++ During the zero voltage state just a single
switch and one diode lead.

+ In proposed topology, four switches are
worked at a low switching frequency,
which lessens the switching losses.

+ The dead band in PWM entity does not
influence the CMV.

+ Proposed inverter can be effectively
cascaded to accomplish in excess of nine
levels in output

CASCADED NINE-LEVEL MLI

The schematic circuit diagram of proposed
nine-level CMLI for PV entity is arosed in Fig. 1.
The given configuration comprises of two
converters (Conv-1 and Conv-2). Conv-1 is a half-
bridge inverter including two switches Sx1 and S
x2. The Conv-2 includes an exceedingly productive
and dependable inverter configuration [15] with six
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switches (Sx3— Sx8). Among the six switches, four
switches (Sx3— Sx6) in Conv-2 constitute a H-
bridge circuit. The remaining two switches Sx7 and
Sx8 in Conv-2 are bidirectional switches. The
switches in Conv-1 are utilized to create voltage
levels of VPV and VPV/2. When switch Sx1 is
turned ON, voltage VPV is connected at the
terminal n regarding the terminal z. So also, the
terminal n accomplishes voltage VPV/2 when
switch Sx2 is turned ON. The switches Sx1 and
Sx2 are corresponding in nature.

Fig. 1: Proposed nine-level grid-connected CMLI
with PV and parasitic elements

The produced voltage levels at the
terminal n of Conv-1 are given as a contribution to
the Conv-2. The Conv-2 produces the positive,
negative, and zero levels of relating input (voltage
between the terminals n and z) over the load. The
bidirectional switches Sx7 and Sx8 give the free-
wheeling way amid zero voltage state. Output of
nine-level CMLI is associated with grid through a
LCL filter as arosed in Fig. 1 [16]- [18]. It
comprises of inverter side inductance Li,
capacitance Cf , and grid side inductance L air
conditioning. The protection Rd in shunt branch of
filter is utilized as a damping resistor. The
protection Rac alludes to grid side protection, and
protection Rg demonstrates protection in ground
way. The variable vac alludes to instantaneous grid
voltage. The variables Rp and Cp allude to the
parasitic protection and capacitance in PV entity,
individually, arosed with dabbed lines in Fig. 1.
The parasitic capacitance in PV entity frames a
thunderous circuit with the filter inductances [16].
The variables io, ic, and iac indicate output current
of nine-level CMLI, current flowing through shunt
branch of filter, and present flowing into grid,
individually.

The current ileak demonstrates leakage
current flowing from PV array into the ground
through parasitic capacitance (see Fig. 1). Proposed
MLI topology contains four sets of corresponding
switches (Sx1, Sx2), (Sx3, Sx4), (Sx5, Sx6), and
(Sx7, Sx 8) in proposed configuration.
Notwithstanding, to limit leakage current, the
correlative switching is utilized just for the two sets
of switches (Sx1, Sx2) and (Sx7, Sx8). Maintaining
a strategic distance from correlative activity for
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alternate sets of switches helps in segregating PV
and grid source amid the zero voltage state.

OPERATION OF PROPOSED CASCADED
NINE-LEVEL MLI

Fig. 2 demonstrates the operation of
inverter in all its switching states. Inverter output
voltage vuv at various voltage levels with the
relating switching states of all the switches is
arosed in Table I. Inverter output voltage vuv
achieves voltage levels +VPV or —VPV when
switch Sx1 is turned ON alongside other inverter
switches (Sx3, Sx6) or (Sx4, Sx95), individually, as
arosed in Fig. 2(a) and (e). Additionally, voltage
levels +VPV/2 or —VPV/2 are acquired at vuv
when switch Sx2 is turned ON  with
indistinguishable switching combinations from
arosed in Fig. 2(b) and (d). The most critical
element to be seen amid zero voltage state or free-
wheeling stage is the isolation or separation
between PV source and grid. The isolation between
PV source and grid can be accomplished by killing
all the switches of H-bridge inverter as arosed in
Fig. 2(c).

TABLE I
SWITCHING STATES WITH THEIR
RESPECTIVE OUTPUT VOLTAGE

(1] + Vey [2
0 1 0 0 0 0
1 0 0 0 0 0
0 1 0 1 1 0 0 I =V f2
| 1] 0 1 | 0 0 | =Vpy

Fig. 2: Single-phase nine-level cascaded MLI for
output voltage levels (a) +Vpy, (b) + Vpy /2, (¢) 0,
(d) =Vpy /2, and () —Vpy.

The kill state of four switches in H-bridge
amid the zero voltage state results in isolation of
PV source from grid. The bidirectional switches
Sx7 and Sx8 give a freewheeling way to the
inductor current amid the kill period of a switching
cycle. This activity helps in limiting leakage
current flowing through the parasitic capacitance.
As there is no direct association between the two
sources, PV terminal points (hubs X, y, and z) skim
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and have vague voltages. The buoy or indistinct
esteem limits the terminal voltages from getting to
be zero. Hence, high-frequency voltage changes at
PV terminals are dodged. As such, the likelihood of
flow of leakage current can be limited.
Additionally, in other intermediate states, for
example, switching between VPV/2 to VPV or the
other way around, again a similar principle can be
utilized. The above activity additionally helps in
minimization of leakage current in PV entity. The
PWM method for proposed nine-level CMLI is
extensively examined in going before area. The
articulations for the shaft voltages vuz and vvz is
given, individually, as

vuZ 1
=553+ 055,8; ————
( 193 293 (53 +S4_)
; Vo
(S3+S)(S: +5)) 7Y (1)
va
= (S Se + 0.55,S !
195 : 295 (35 +S6)

1

+ ) Ver  (2)
(S5 +S6)(S1 +S2)
Where, Sa (a=1, 2, 3,...) is the switching state
of switch Sxa whose esteem can be ecither 1
(remains for turn-ON) or 0 (remains for kill).
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Fig. 3. Gate pulses for the switches corresponding
to inverter output voltage.

Fig. 3 demonstrates the switching example
of all the switches for the relating inverter output
voltage vuv. The switches Sx1 and Sx2 in half-
bridge are worked at low switching frequency.
With a specific end goal to take out the high
switching frequency operation, the switch Sx2 is
kept turned ON in zero state amid voltage change
between the levels 0 to VPV/2. Also, the switch
Sx1 is kept turned ON, amid voltage change
between levels 0 to VPV. Inverter switch match
(Sx3, Sx6) is worked with a high switching
frequency amid positive half-cycle, and it remains
at the kill state amid the negative half-cycle of
inverter output voltage vuv. A comparative
operation is material to the next inverter switch
combine (Sx4, Sx5), which is worked with higher
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switching frequency amid the negative half-cycle.
The switches Sx7 and Sx8 are turned ON amid
positive and negative half-cycles of output voltage
vuv, separately. The expulsion of integral activity
from combine of switches (Sx3, Sx4) and (Sx5,
Sx6) encourages finish kill of switches amid every
half-cycle of output voltage vuv. Likewise,
proposed entity has the upside of lessened
switching losses, acknowledging to a very
proficient and dependable inverter configuration
which may bring about higher effectiveness.

The generalized topology for 2m + 1
levels can likewise be acquired for proposed nine-
level CMLI. The quantity of PV sources in CMLI
is signified by the term m. Estimation of m is
dependably a fundamental different of 2 (i.e., m =
2,4, ...). The broadened rendition of proposed
CMLI for 2m + 1 levels is introduced in Fig. 4. The
generalized topology is acquired by falling the
fundamental units comprising of half-bridge and H-
bridge. The bidirectional switches are associated in
middle of output terminals for the free-wheeling
period. Proposed generalized 2m + 1 level MLI is
likewise contrasted and half bridge and full-bridge
particular MLC. The half bridge secluded MLC
requires less number of switches when contrasted
with proposed generalized 2m + 1 level MLIL In
any case, it is hard to lessen or limit the flow of
leakage current in half-bridge measured MLC.
Additionally, the quantity of electrolytic capacitors
utilized at the info side of half-bridge measured
MLC is high contrasted with proposed generalized
2m + 1 level MLIL Proposed MLI has a lesser
gadget check when contrasted with the full-bridge
particular MLC [19]. Similarly, both can limit
leakage current flowing through PV entity

z p—a
Basic
unit |,
Basic Basic S T T
unit unit unit

LT 1 A
S

e Filter
Grid

 E—

Fig. 4: Generalized 2m + 1 level MLI topology
derived from proposed nine-level CMLI.
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PROPOSED PWM STRATEGY ALONG
WITH GENERALIZED STRATEGY FOR
MINIMIZATION OF LEAKAGE CURRENT

The operation of proposed PWM method
is clarified by considering the given nine-level
CMLI. The high-frequency advances in terminal
voltages vxg and vyg of nine-level CMLI are
limited utilizing proposed PWM procedure.
Proposed activity can be accomplished by
switching from VPV to 0O state or the other way
around rather than the switching from VPV to
VPV/2 state or the other way around. Also, amid
the zero voltage state or free-wheeling period of
switching cycle, PV array is secluded from grid.
The isolation of PV array and grid amid zero
voltage state is like inverter configuration revealed
in [15]. The greatness of reference wave vmod is
brought down to half of its unique esteem at
whatever point the switching is flipped among the
levels VPV and 0. The above activity is mainly
done to suit estimation of PV voltage VPV. The
adjustment in estimation of vmod is done at
whatever point the instantaneous greatness of
balancing wave vmod surpasses estimation of
mama/2, where mama alludes to the balance file.
By fusing the coveted change, output voltage
incorporates the zero voltage state (i.e., free-
wheeling state) in all its switching periods. The
articulation for altered reference waveform vref
adjusted is given as
VUref_modified

Mg Vpy
VmoafOor 0 < |Vpmoal <— from — to 0
Umod ? 2 (3)
f

m
2 orTa < |Vmoal <My from Vpy, to 0

Where, vmod = masinwt gives the extent of vmod.
Output voltage of proposed PWM method for the
nine-level CMLI is arosed in Fig. 5.

g Vig [ _mandifivd }11 arrier wasve
0.5 T i 3L

VW Y
Fig. 5: Waveform of output voltage vuv for
proposed PWM technique.

In Fig. 5, the changed reference wave is
contrasted and triangular bearer wave. Amid the
positive half-cycle of voltage vac, at whatever
point the phase edge ot lies in run 0— 30° and
instantaneous greatness of vref adjusted surpasses
the bearer wave, when vuv accomplishes voltage
level of VPV/2 else, it is changed to the zero
voltage state. So also, when ot lies in range 30—
150°, inverter output voltage vuv achieves voltage
level of VPV at whatever point the instantaneous
size vref altered surpasses the transporter wave or
accomplishes zero esteem generally. In a similar
positive half-cycle, for the remaining scope of wt
(i.e., in vicinity of 150° and 180°), vuv achieves
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voltage levels VPV/2 if the instantaneous greatness
of vref altered is more prominent than the bearer
wave. A comparative sequence is embraced amid
the negative half-cycle of voltage vac. In this
manner, in entire cycle if the size of vref altered is
not as much as the transporter wave, when vuv
accomplishes zero voltage level.

For the usage of proposed PWM to a 2m +
1 level inverter, the waveform of generalized
adjusted reference wave vref changed gen is arosed
in Fig. 6.

Carrier wave_2 Vreef_modificd_gen

0 \L > ot
Fig. 6: Waveform of generalized modified
reference wave Vie.modified-gen -

The term m alludes to the quantity of PV
sources utilized. At whatever point the
instantaneous supreme greatness of vmod surpasses
the esteem j(ma/m), the size of vref-changed gen
moves toward becoming k(jlvmod|/m) where j = 1,
2,...,m—I,mand k=1,2,..., m— 1. The
articulation for vref-adjusted gen is given as

vfefmodiﬁed_ﬂen

mg Vpy
VUmoaf 0T 0 < |Vpoal < o from > to0

VUmod mg 2"na 2VPV
— —< — —
- > for = [Vimoal < - from - to0 4
’ (m—1m
V;nn_od or — < |Umad| < mafrom VFV to0

INTEGRATION OF MPPT FOR PROPOSED
NINE-LEVEL CMLI

The notable perturb and observe
calculation [20] is utilized for the two PV sources
(thinking about nine-level operation) individually
to track MPP. In this manner, each MPPT
calculation tracks the MPP for particular PV
sources. To track the MPP, the required data of 1)
the normal estimations of two PV source voltages
(VPVI1 and VPV2 for PV sources PV1 and PV2,
individually) and 2) the currents (IPV1 and IPV2
for PV sources PV1 and PV2, separately) are
detected and after that given to their particular
MPPT calculations. The MPPT calculations when
utilize the detected estimations of PV voltages and
currents for the count of individual estimations of
tweak records mal and ma?2 for the two PV sources
PV1 and PV2, separately. Outputs of two MPPT
calculations are then used for estimation of general
regulation list mama . The articulation for mama is
given as

= TPVL
“ U Voy1+Vpy2 v
PV2
+my————m— (5)
“ Vpy1+Vpr2

The ascertained tweak list mama is then
utilized by the PWM methodology as depicted in
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previously mentioned area to create the PWM
pulses for proposed nine-level CMLI.
ANALYTICAL EXPRESSIONS OF PV
TERMINAL VOLTAGE AND COMMON-
MODE VOLTAGE FOR PROPOSED
CASCADED NINE-LEVEL INVERTER

The examination of leakage current can be
done from declaration of terminal voltages vxg,
vyg, and vzg. The articulation for PV terminal
voltages can be gotten from switching function
examination [21]. From Fig. 1, utilizing the
superposition hypothesis, PV terminal voltages vxg
and vyg are communicated as takes after:

Uxg = Slvxlg + SZVxZg (6)

Uyg = Slvylg + Szvyzg (7)
The terms vx1g and vylg are voltages at terminals
x and y, separately, when switch Sx1 is turned ON.
Correspondingly, vx2g and vy2g are voltages at
terminals x and y, individually, when switch Sx2 is
turned ON. The articulation for voltage vzg when
switch Sx1 is turned ON is given as

Vzg = Ux1g — Vey (8)

Correspondingly, the articulation for terminal
voltage vzg when switch Sx2 is turned ON is given
as

Vpy
Vzg = Vy2g — T €©))

With the utilization of switching function
examination, voltages vug and vvg (from Figs. 1
and 2) communicated regarding vx1g and vzg are
arosed, separately, as

vug = 515317x1g + S4vzg (10)

Uvg = Slssvxlg + SGUZg (11)
Thus, voltages vug and vvg (from Figs. 1 and 2)
communicated as far as vy2g and vzg utilizing
switching functions are arosed, individually, as

ng = 525317ng + S4vzg (12)

Uvg = SZSSUng + SGng (13)
Presently communicating voltages vug and vvg as
far as grid voltage vac, voltage drop in filter
inductors (Li and Lac) and protections (Rac and Rg
) [21] can be given by

o _lidio Lacdiac | Rac,
Y92 dt 2 dt ac 2 %
- Rgileak (14’)
_ L diol Lac diacl Rac .

9T ar T2 dat 2
- Rgileak (15)
Presently, with the expansion of (14) and (15), and
by overlooking voltage drop in protections Rg and
Rac/2 with presumptions of iac = —iac and io = —io,
[21] gives
Vyg + Vpg = Vac (16)
Substituting estimations of vug and vvg from (10)
and (11) into (16) and improving those utilizing (8)
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gives the articulation for the terminal voltage vxlg
as
oo = tac + Vpy (Sa + S6) 17)
19 7 (8,3 + $1S5 + S4 + S)

Presently, the other terminal voltage vylg (when
switch Sx1 is ON) can be figured by subtracting
vxlg and VPV/2. So also, substituting (12) and
(13) into (16) and streamlining for terminal voltage
vy2g utilizing (9) results in

V,
Vac + % (54 + S6)
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positive and negative levels of output voltage VPV
and achieves the esteem VPV/4 for both positive
and negative levels of output voltage VPV/2.

TABLE II

VALUES OF COMMON-MODE VOLTAGE
AND POLE VOLTAGES FOR
CORRESPONDING OUTPUT VOLTAGE

Yav Vaz Vysz Yem
Vyog = 18
729 = (5,5, 5,55 1 5, 15 OO e M. B Bap
The other terminal voltage vx2g can be computed +Vpyv /2 Vpy /2 0 Vpy /4
by induding vy2g and VPV/2. Presently bY 0 Undefined Undefined Undefined
utilizing (6) and (7), the total articulation for ~Vpy /[2 0 Vv /2 Vpy /4
terminal voltages vxg and vyg is given, =Vpy 0 Vpv Vpyv /2
individually, as
— @ The articulations for terminal and CMVs can be
Vrg = VacSwi F VevSwz + VacSws + 2 Swa checked with MATLAB programming utilizing
+ @ S, (19) simulink block-set. The parameters VPV =400 V,
2 v switching frequency of bearer wave fsw = 1 kHz,
PV

vac = 220 V (rms), and grid frequency fg = 50 Hz
are considered for the simulation. The transporter

Vyg = VacSw1 + VpySwa + VacSws + 75W4

Vi . . .
- S (20) wave frequency is confined to 1 kHz. This is done
The terms SW1, SW2, SW3, and SW4 in (19) and to show the indistinct states 0bV10}1s1y. Fig. 7
(20) are given b demonstrates the waveforms of terminal voltages
& Y S, vxg, vyg, vzg, and CMV vem.
S, = 600 400
w1 (3153 + 3135 + 34 + 56) 400 ”’_‘\\n-.xq\z P @ 1§ 500 P v (V) PO (b)
s _ 51(54 +56) 200 \‘-.._/‘ \‘x_/, 0 E e & S Y
we (5153 + 5155 + 54 + 56) "::' 0 002 [X T ™ (%] 004
S — SZ -u » JeM L @ :w - "u\n_[\ o hll_
W3 (8585 + 5585 + S5 + Se) 2 R A
S,(S4 + So) =g (5 o4 g [ 004
Time (sec) —> Time (sec) —>

Swa = (5,55 + 5,85 + Su + S)

Substituting the qualities S3 = 0, S4 =0, S5
= 0, and S6 = 0 in voltage state results in vague
esteem (0/0) in terminal voltages vxg, vyg, and
vzg. The unclear esteem (0/0) amid a zero voltage
state is mainly a direct result of disengaging PV
source and grid. The isolation of PV source and
grid can likewise be observed in Fig. 2(c). The
CMV vcm is gotten by taking the normal of post
voltage vuz and vvz given in (1) and (2),
individually. The articulation for vem is

Vo = ((s1 +055,)(S, +55) + (

Fig. 7: Analytical results of proposed nine-level
CMLI showing the waveforms of (a) terminal
voltage vy, ; (b) terminal voltage vy, ; (c) terminal
voltage v,, ; and (d) common-mode voltage vep, .
The irregularity in waveforms happens
when PV source and grid are detached. The
isolation of grid and PV array results in a vague
incentive in terminal and CMVs (brokenness in
waveform). Since estimation of terminal and
CMVs is indistinct amid the zero voltage state, they
can be thought to be confined to the past esteem. In
this manner, advances in voltage waveform can be
limited. As it were, it results in limiting the high-
frequency voltage advances in terminal and CMVs.
Minimization or decrease of high-frequency
voltage advances in terminal voltage additionally
helps in diminishing leakage current in PV entity.
PV array parasitic capacitance [18] offers high
impedance for the low-frequency advances in
terminal voltage. Likewise, the size of leakage
current flowing through the parasitic capacitance is
less. At the end of day, proposed PWM entity
limits leakage current by diminishing the high-
frequency advances in terminal and CMVs

IE
(S3+5.) (S5 +S6)

1 Vpy
x ((51 5D 1))7 @0

Table II gives estimations of shaft voltages
(vuz, vvz) and CMV vcm at various levels in
output voltage vuv. Amid the kill period in a
switching cycle, all the switches in H-bridge are in
a cut-off state with the goal that the switching
states S3, S4, S5, and S6 are equivalent to zero
esteem. Substituting the relating estimations of S3,
S4, S5, and S6 in (21) results in a vague esteem
(i.e., vem = 0/0) amid the zero voltage state. The
CMV accomplishes the esteem VPV/2 for both
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SIMULATION RESULTS

To help the switching function investigation
given in past area, proposed nine-level CMLI is
reenacted utilizing POWERSIM blocks in
MATLAB/SIMULINK programming. The PWM
entity clarified in Section III is utilized for
proposed nine-level CMLI configuration. Table III
gives estimation of different parameters utilized for
mimicking proposed nine-level CMLI.

=)

TABLE III
PARAMETERS CONSIDERED FOR THE
SIMULATION OF PROPOSED NINE-LEVEL

CMLI
Parameter P Vi fsw Cac fac
Value 25kW 400V 25 kHz 220V 50 Hz
Parameter Lac Rac Ry Li Cy
Value 4 mH 0.01 2 0.1 42 4 mH 0.1 uF
Parameter Ry ( ',, h'!,
Value 50 mf? 200 nF 192

Proposed nine-level CMLI needs to produce a
voltage Vinv having a phase dinv [16] to nourish
the required measure of active power P into grid
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21 Lyo+L;)P
Siny = arctan< fa;( ac + L) ) (22)
vie + RocP
RgcP 1
Viny = (vac + T‘w) 05 8iny (23)

For a power of P = 2.5 kW, estimation of dinv =
0.117 rad and Vinv = 323 V is figured by
substituting the parameters from Table IIT in (22)
and (23), separately. The simulation waveforms of
proposed nine-level CMLI utilizing proposed
PWM  method are arosed in Fig. 8.

(a)

(b)

(c)
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Fig. 8: Simulation results of proposed nine-level
CMLI showing the waveforms of (a) output voltage
Vyuy ;5 (b) grid current i, ; (c) terminal voltage vy, ;
(d) terminal voltage vy, ; (e) terminal voltage v, ;
(f) leakage current iy ; and (g) common-mode
voltage vep, -

Fig. 8(a) demonstrates output voltage of
nine-level CMLI. The nearness of zero voltage
state in all voltage changes of vuv can be
unmistakably seen from plot. Grid current iac is
arosed in Fig. 8(b). Grid current is about sinusoidal.
The total harmonic distortion of grid current iac is
around 1.76% and meets the prerequisite of
standard IEEE 1547. The waveform of terminal
voltages vxg, vyg, and vzg are arosed in subplots
(¢), (d), and (e) of Fig. 8, individually. The
significant perception produced using these
subplots is the nonattendance of high-frequency
voltage advances. Likewise, these waveforms
coordinate with the outcome got utilizing the
switching function investigation (see Fig. 7). This
legitimizes the examination given in past area. Fig.
8(f) demonstrates the waveform for leakage current
ileak flowing through the parasitic capacitor.
Proposed PWM entity diminishes estimation of
leakage present as can be observed in Fig. 8(f).
This is a direct result of low-frequency voltage
advances in terminal voltages vxg, vyg, and vzg.
The spikes in leakage current are observed when
there is a sudden voltage change in terminal
voltage. The rms estimation of ileak is under 20
mA which is according to the standard VDE0126-
1-1 [13]. Fig. 8(g) demonstrates the waveform of
CMV vem. The high-frequency voltage advances
in CMV are likewise maintained a strategic
distance from. This further cuts down the size,
weight, and cost of electromagnetic interference
(EMI) filter to be utilized in grid-associated entity
[22].
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Another simulation is completed with
proposed configuration to exhibit the MPPT
operation. Proposed nine-level CMLI is worked
utilizing two MPPT calculations to separate the
maximum power from individual PV arrays. As
clarified in Section IV, the two individual MPPT
calculations are utilized for the two PV sources
PV1 and PV2 which are indistinguishable (having
same array configuration). Simulation is finished
considering a resistive load associated with output
of inverter by means of a LC filter. PV modules
with an opencircuit voltage of 21.05 V and short
out current of 3.74 An at STC are decided for the
array simulation. The electrolytic capacitors of
5000 pF are utilized as a cushion between PV
sources and inverter as arosed in Fig. 1. Inverter is
associated with a load of 20 Q through a LC filter
with the inductor and capacitor estimations of 4
mH and 2 pF, separately. The two PV arrays PV1
and PV2 have an open-circuit voltage of 126.90 V
and a short out current of 3.8 An at an insolation of
1.0 sun and temperature of 50 °C.

Fig. 9 demonstrates the simulation results
of MPPT execution for proposed nine-level CMLI.
The subplots [see Fig. 9(a) and (b)] demonstrate the
waveforms of PV voltages VPV1 and VPV2 for
PV1 and PV2 sources, individually. Estimations of
working voltages VPV1 and VPV2 of two PV
arrays are about equivalent PV currents IPV1 and
IP V 2 are arosed in subplots Fig. 9(c) and (d),
separately. Voltage— current (v-I) attributes of PV
array can be observed with the expanding
estimation of current by diminishing voltage or the
other way around. The power PPV1 and PPV2
from PV sources PV1 and PV2 are arosed in
subplots Fig. 9(e) and (f), individually. The
operation of two PV sources close MPP can be
affirmed with the low estimation of swell in PV
power and little motions in tweak list mama, which
can be observed in zoomed some portion of Fig.
9(g). The waveform of output power crosswise
over resistive load Pload is arosed in subplot Fig.
9(h). It can be observed that the power crosswise
over output load is about equivalent to the total of
individual PV powers PPV1 and PPV2. The
waveforms of vref adjusted and vuv are likewise
arosed in subplots Fig. 9(i) and (j). Integration of
MPPT for proposed nine-level CMLI makes
inverter reasonable for PV entities.

Vpvl
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Pload
Fig. 9: Proposed nine-level CMLI integrated with
MPPT. The subplots give waveforms of (a) voltage
Vpyi 5 (b) voltage Vpy, ; (c) current Ipy; ; (d)
current Ipy, ; (€) power Ppy; ; (f) power Ppys ;5 (8)
resultant modulation index ma ; (h) output power
PO U T ; (i) modified reference wave Vietmodified ;
and (j) inverter output voltage vy, .
CONCLUSION
In this paper, an improved nine-level CMLI for PV
entity was proposed. Proposed CMLI limited
leakage current by wiping out the high-frequency
advances in terminal and CMVs with low switch
mean the minimization of leakage current. It
likewise diminished conduction and switching
losses which made it conceivable to work the
CMLI at high switching frequency. Besides, the
answer for generalized 9 levels CMLI was likewise
introduced in project. The given PWM method
required just a single bearer wave for the
generation of 9 levels. The operation, examination
of terminal and CMVs for the CMLI was likewise
introduced in project. The simulation and test
results approved the investigation completed in this
project. The MPPT calculation was likewise
incorporated with proposed nine-level CMLI to
remove the maximum power from PV panels.
Proposed CMLI was likewise contrasted and other
existing MLI topologies in Table V to demonstrate
its favorable circumstances.
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