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ABSTRACT-

Multilevel Inverter widely used in high power industrial applications. This paper presents a
three-phase series-parallel converted cascaded multilevel inverter with switched capacitor
component for induction motor drive. In traditional switched capacitor inverters required more
number of components, it seem to more complex control circuitry and bulky. All over world
concentrating to improve the efficiency of Multilevel Inverter such as voltage balancing, reduction
in components, switched capacitor multilevel inverter methods etc. The Proposed multilevel
inverter output voltage level increasing by using less number of switches driven by the multicarrier
series-parallel techniques. In this paper presents generalized structure, Operation, comparison with
other traditional topology; the aim of this paper is to present a new structure for switched-capacitor
multilevel inverters (SCMLIs) which can generate a great number of voltage levels with optimum
number of components for both symmetric and asymmetric values of dc-voltage sources. In this
paper, initially, a new switched-capacitor dc/dc converter (SCC) is presented which can switch as
conventional series/parallel conversion and generate multiple dc-link voltages with optimum
components. In this case, voltage of all capacitors is filled by binary asymmetrical pattern without
using any auxiliary circuits. That has boost ability and can charge capacitors as self-balancing by
using the proposed binary asymmetrical algorithm and series—parallel conversion of power supply.

I INTRODUCTION

Multilevel inverters (MLIs) are known
as one of the most popular solutions to
improve the performance of renewable energy
systems, electric vehicles (EVs), and other
innovative power electronic utilities in
medium and high power applications [1], [2].

topologies, which can be divided into two entire
divisions based on symmetric and asymmetric
values of dc power supplies [8]—[10].

Although these converters have a lot of
advantages over the classic inverters, using
aforementioned conventional topologies need

These converters can generate a staircase
voltage waveform at the output with high
quality and desired spectrum. The desired
output voltage is synthesized by appropriate
switching of several dc-voltage links, which
leads to decrease voltage stresses on switches
and total harmonic distortion (THD) [3], [4].

In general, there are three conventional
types of MLI configurations categorized into
diode clamped (DCMLI) [5], flying capacitors
(FCML)) [6], [7], and cascade H-bridge (CHB)

more number of required power switches, power
supplies, and large  capacitor  banks.
Furthermore, voltage of the capacitors tends to
be discharged theoretically and therefore charge
balancing control processing is necessary. There
have been several suggested charge balancing
circuits to control the capacitors’ voltage [11].

References [11]—-[13] could regulate the
duty cycle of dc bus capacitors for FCMLIs by
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using the existing redundancy switching states
(RSSs). In this case, the accuracy of the

+++

proposed approach depends on designing a
closed-loop control system. Also, [14] presented
a phase-shift modulation approach to obviate the
discharging problem in a capacitor-based seven
level CHB topology supplied by one dc-voltage
source for main unit and one floating capacitor
for auxiliary unit. Here, the main and auxiliary
power switches have to drive by fundamental
and high switching frequencies, respectively.
Meanwhile, [15] presented a triplen harmonic
compensatory method based on fundamental
switching strategy to extend the range of
modulation index for three-phase utility of
seven-level CHB topology. Using the resonant
switched-capacitor circuit (RSCC) as an
external voltage balancing network can also
prevent this problem for DCMLIs [16].

Nowadays, many researchers have
presented numerous developed structures of
MLIs with less number of key components, such
as number of required switches, gate drivers,
power supplies, and so on [18]-[20]. One of the
most particular schemes of them is switched-
capacitor multilevel inverters (SCMLIs). These
converters can produce more output voltage
levels with less number of required power
supplies [21]-[24]. SCMLIs contain several
capacitors and switches, which can connect dc
power supply to ac output and are able to
decrease the burden of power supply to achieve
higher number of voltage levels.

Nevertheless, to attain the greater
number of output voltage levels with less
number of power semiconductors and simple
commutation, a new type of SCMLIs have
emerged using the series—parallel switching
strategy (SCISPC) [25], [26]. The distinctive
features of these types of inverters are that they
can increase the flexibility of systems by
switching between several capacitors in series or
parallel modes and therefore can transfer more
input power to the output. In this way, [27] and
[28] presented a new family of cascade and
hybrid SCISPC topologies that have a modular

WwWWw.ijiemr.org

structure and generate more output voltage
levels with least of switches. But, such
structures have used the full H-bridge units with

isolated dc-voltage sources to change the
polarity of output voltage waveform, which
makes more conducting loss through the current
path components and increases the number of
power switches.

In this project, initially, a new
switched-capacitor dc/dc converter (SCC) is
presented which can switch as conventional
series/parallel conversion and generate
multiple dc-link voltages with optimum
components. In this case, voltage of all
capacitors is filled by binary asymmetrical
pattern without using any auxiliary circuits.
At the next, a new sub multilevel inverter
(SMLI) topology presents, which 1is
performed based on the proposed SCC unit
and without using the full H-bridge cell. In
addition, this structure is suitable for an
inductive load with the capability to pass the
reverse current. After that, the proposed sub
multilevel modules are cascaded with each
other and create more output voltage levels.
Therefore, most of the parameters such as
number of required switches, diodes,
maximum current path components, and
value of total blocked or standing voltage are
improved. In order to prove the performance
of the proposed circuit, variety number of
comparisons with other recently suggested
topologies has been done in fair conditions
and also analysis of theoretical power losses
is given.

II. PROPOSED SCC

Fig.1 (a) shows the basic circuit of the
proposed SCC. This circuit is named as basic
unit and contains one dc power supply, one
capacitor, one passive power diode, and two
active power switches. Photovoltaic (PV) cells,
batteries, and fuel cells can be used as a power
supply in this structure. Fig.3.1(b) and (c) shows
that how to carry out the charging and
discharging operations for capacitor C. Switches
Sa and Sb are used in series and parallel
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conversions, respectively. As it can be
inspected, when the switch Sb becomes ON, the
capacitor C is charged to Vdc and when the
switch Sa turns ON, the diode becomes reverse

biased and capacitor is discharged. In this mode,
the power supply’s energy and stored energy of
C are transferred to the output. It is obvious that,
basic unit does not need any extra charge
balancing control circuits and complicated
commutation methods, which is counted as a
great merit of this structure [28]. Also, it is
remarkable that, the internal resistance of power
diode and capacitor can damp the unequal
voltage between capacitor and dc-voltage source
during the charging operation, which leads to
introduce an effective and practical power
circuit.

D ([~ ( D (o~
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Fig.1 (a) Basic series/parallel unit. (b)
Capacitor discharging mode. (c) Capacitor
charging mode.
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Fig.2. Proposed SCC

The proposed dc/dc converter is made by
extended connection of this basic unit. Then, a
staircase voltage waveform is generated at the

www.ijiemr.org

output with the capability of passing the reverse
current for inductive load and can be used as a
part of inverters. Fig.3.2 shows the circuit
configuration of the proposed converter. In

order to charge all the capacitors and generate
output voltage waveform, the switches Sai(i =

1,2,...,n—1),Sbi, and Sci(i= 1,2, ..., n) are
driven by series/parallel conversion or
combination of them.

In this case, switches Sci are unidirectional
power switches without antiparallel diode,
which can pass the reverse inductive load
current and other switches are also
unidirectional with internal antiparallel diode.
As figure shows, switches Sci(i = 2,3, ..., n)
can be substituted by ordinary power switches
and a series diode to counteract the effect of
internal antiparallel diode. Table I indicates the
different switching and capacitors’ states for the
proposed SCC.

In this table, O and 1 mean OFF and
ON switching state and C and D refer to
charging and discharging modes for
capacitors, respectively. In order to generate
more number of output voltage levels with
optimum number of components, all the
capacitors should be charged by binary
asymmetrical algorithm, according to this
table in such a way that, in state (1) when
switch Sc,1 becomes ON, capacitor C1 is
charged to Vdc and this voltage level is
transferred to the output through Sa,i(i = 1,2, .
.., n— 1) simultaneously.

Also in state (2), C2 is being charged
to Vdc + Vcl through switch Sc,2 and with
discharging of C1, second voltage level
generates at the output through Sa,i and Sb,1,
simultaneously, which is equal to 2Vdc. After
this moment, without entering other
capacitors into the circuit, voltage level of
3Vdc can be transferred to the output by
stored voltage of C2 and constant dc-voltage
source. In this moment, C1 is again charged
by dcvoltage source directly and for the next
voltage level, this stored voltage besides the
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across voltage of C2 and constant dc-voltage
source are transferred to the output, which is
equalized to 4Vdc and this consecutive
operation continues so on.

TABLE 1

SWITCHING AND CAPACITORS STATES
OF THE PROPOSED SCC

v Vi | 2V [ 3V | 4V | | 2,

S, 1 | 0 0 0

Su.l 1 | | | 0

: 1 | | 1 0

Sc.' n-1 ] | | | O

g1 S, ] 0 1 0 | 1
‘:‘5

0 S, 0 0 | | |

£ 0 0 0 0 1
g

2| S, |0 0 0 0 1
17l

S, 1o I 0 0

S, 0 | 0 0 0

0 0 0 0

S, |0 0 0 0 0

C C D C D D

¢ C - C D D D
Sy

éf G- -1-1c« D
7

4 : D

C - - - - | cC D

The prominent feature of the proposed
circuit is that by entering the next capacitors
into the circuit and also continuing the series—
parallel switching strategy, the number of
output voltage levels is enhanced as binary
manner from Vdc to 2"Vdc.

It is important to note that, always at
each of voltage steps, the pertinent capacitor
of previous steps must be connected as
parallel to keep on the charging operation.
Therefore, if we assume the number of
capacitors equal to n, the stored voltage of
each capacitor would be equalized to

www.ijiemr.org

Also from this table, it is obvious that,
the proposed SCC is able to generate different

positive output voltage levels by self-
balancing ability. Now, by considering the
proposed overall structure (Fig.3.2), number
of required switches (Nswitch,u) or gate
drivers (NDriver,u), number of required
isolated-gate bipolar transistors (IGBTs)
(NIGBT,u), power diodes (Ndiode,u), and
output voltage levels (Nlevel,u) are calculated
by the following equations, respectively,

Nvitch,u = Npriver.u = Nigpr,u =30 -1

(2)
r -
IVdiode.w = 1
(3)
AT __ an
;\"level.u =2
“4)
l
=L
Proposed
SCC V{h,dcﬁ .—_T_
_ L%
QE} EE =7
Proposed —
Sc<c: Va.dul

Fig. 3. Proposed SMLI configuration.

According to (4), the proposed circuit
possesses an appropriate performance as
boost capability. This factor can be defined as
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-L{‘} max,u
=t =3

> Ve

)

Moreover, this structure is able to
mitigate the total blocked voltage. As it is
clear, the value of blocked voltage should be
tolerated by switches and means standing

voltage across of switches, which effects on
conduction losses, efficiency, and cost [29].
In this case, the total blocked voltage is
formulized by

Vblock,u = [3(2" — 1) — 1] Ve
(6)

IIILPROPOSED SMLI

As it was analyzed before, the
proposed SCC generates output voltage
waveform with positive polarity. Therefore, it
is not suitable for inverter applications. In
order to change the polarity and create an ac
waveform, an H-bridge cell can be connected
to the output similar to the other existing
structures. However, this cell may increase
the number of required IGBTs and the
number of involved components in the
current path. This project has not focused on
added H-bridge cell and presents a new
scheme of SCISP shown in Fig.3.3, based on
two utilized half-bridges.

In order to convert the output polarity
of SCC and create all the voltage levels (even
and odd) at the output, this structure always
requires a pair stage of SCC units. Therefore,
the proposed SCISPC named as SMLI can
produce positive, zero, and negative output
voltage levels with six unidirectional power
switches and two same units of SCC. As a
result, 2n capacitors and two isolated dc
power supplies are needed for this structure.

Now, the number of required IGBTs or gate
drivers and the number of power diodes can
be expressed as follows:

www.ijiemr.org

Nigsr = Npriver = b6 +4
Sub Sub
(7)

Nbiode = 2n.

Sub (8)

Table II indicates ON switching states of the
proposed SMLI, which is summarized by
seven different modes. According to this

table, to refrain from short-circuit problems,
switches of

TABLE 2
SWITCHING PATTERN OF THE
PROPOSED SMLI

ON switches V

I ! f
l T| '\Ti "T: l’l.lll.ll.'l ]’IJ.lll-'l

i I,y v

adcd

3 I Vo del

T.T,7,
T'T.T

Switching states
o
o

5 I Vol

0 TN, Ve

f
7 TI ‘Tl ‘T,! _v.':- &l Lrl.tL‘l

(T1, T°1), (T2, T°2), and (T3, T’3), are
triggered as complementary operation with
each others and should not to be ON
simultaneously. Also, this structure can work
on symmetric and asymmetric values of dc-
voltage sources. In symmetric structure, all
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the dc sources are equal and that are different
in asymmetric topology. Then, by considering
(1), to obtain the maximum number of
voltage levels from asymmetric condition, the
value of other isolated dc power supply
should conform the following expression:

Vdc.ﬂ — (1 T QH)Hic,l
)
TABLE 3

DIFFERENT RELATED EQUATIONS FOR
THE PROPOSED SMLI

TOPOLOGY

Parametets Symmetric Asymmetric

!

AL{;;" 142 (1) [+2742" (14)
Vo el 17 i oAy

e || R, 0

, V

h\ltlilk Z‘ block.Tj ; lock. a 13) Z block. T} Z block. o {lﬁ)

[?xl’” )-8V, :[2'”'+2” ]I’N

Table 3 indicates the pertinent equations of

J'7\"rlevel-1 Vo,maxSub, and VBiocked .
Sub sub  for symmetric

and asymmetric forms in the proposed SMLI.
In this case, the asymmetric calculations in
Table 3 are done by considering (9).

To achieve the greater number of
voltage levels, the proposed SMLI can be
extended by increasing the number of output
voltage levels for the proposed SCC. But, this
way yields some identical restrictions due to
increase in the voltage drop and existed
spikes across each of capacitors especially in
high power ratio. To avoid this constraint, the
best solution to increase the number of
voltage levels is considered by series
connection of the proposed SMLIs with each
other shown as proposed cascaded sub
multilevel inverter (CSMLI) in Fig.3.4. In this
figure, number of cascaded SMLI units is
indexed by m. As a result, output voltage of
the proposed CSMLI is obtained by

www.ijiemr.org

1’0“‘) = T-“:).l“) i 1-10.2({') Rl 2 t-’o.m(’*]
(10)

It should be noted that, in this case,
the number of capacitors that have been used
in each of SCCs is assumed same. To reduce
the cost, weight, total blocked voltage, and
some other identical problems, the required
capacitors for each of the proposed SCC units
(n) is optimized.

IV PROPOSED IMPROVED CSMLI

The number of required capacitors in
each of the proposed SMLI units is optimized
from the view point of maximum produced
output voltage levels for the proposed CSMLI
with minimum number of IGBTs. This
optimization is done based on asymmetric
value of dc sources according to (9).

V:Jc,lm | In"‘ unit v +
LT of SMLI

Second unit

L
T_.
L7 of SMLI
|-

Firstunit

i
T 5
Vy, £ of SML -

Fig.4. Proposed CSMLI

In general, the number of output voltage
levels for the proposed CSMLI is obtained by

N . i
L¥]level — | L V¥level
Sub

i\'Tle\-'el i
where  Sub Sub is the number of output
voltage levels for the proposed SMLI, which

(A7)
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is calculated by (14). Then, (17) can be
rewritten as
T an-- ‘ m
A'leve] = (2n +2 + 22”4_1 -1 1)r
(18)

On the other hand, the relation of m in terms
of NIGBT (number of required IGBTs for the

NigrT
proposed CSMLI) and  Sub is equalized to
the following equation:

I NiGeT
NiGBT
Sub
(19)
Also, by inserting (13) into (18) and (19),
-'-'\"—le'.-'el o (2r1+2 i 22n+l 4 J.) ;:,’a%
(20)

In order to obtain the optimal number
of capacitor from each of SMLIs, the
variation of Nlevel against NIGBT for
specific number of n, is curved according to
(20) and illustrated by Fig.3.5. As this figure
shows, for a constant value of NIGBT, Nlevel
has been maximized when one capacitor is
being used. Therefore, with respect to n = 1,
number of output voltage levels, required
IGBTs, power diodes, and total value of
blocked

x10
E 2
]
= 1 .
D ... ....nnﬁl“!r'f"d"" ‘ L
20 25 30 35 40 45

NIGBTs

Fig. 5. Variation of Ny against Njggr for
different values of n.
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reb e

Fig 6. Proposed 17-level structure

Voltage for the proposed improved CSMLI
are obtained for both symmetric and
asymmetric conditions and are summarized in
Table IV. In addition, based on (9), the value
of dc-voltage sources in ith unit of the
proposed CSMLI should be adopted by

= Tg=3l, 1=L1...m

1)

Fig.3.6 shows an improved CSMLI
configuration by considering m = 1, which
leads to generate 17-level output voltage
based on the proposed asymmetric topology.
In this circuit, the values of dc isolated power
supplies are set on Vdc and 3Vdc according
to (9). Table V shows the switching pattern of
the proposed 17-level inverter.

In this case, all the switches are driven
by fundamental switching frequency, whereas
the sinusoidal reference voltage is compared
with some available dc-voltage levels and
create the related gate switching pulses. The
most advantage of this switching method is
referred to low switching frequency that
yields to the reduction of switching loss [29],
[30].

Details of fundamental switching
modulation strategy are not the objective of
this paper. In addition from Table 3.5, it is
clear that, to generate each of the output
voltage levels, only five switches are being
involved in the current path.
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At this stage, to determine the
capacitance of C1 and C2, two assumptions
are considered in which one is related to the
output sinusoidal load current with phase
difference between output voltage and current
(¢) and the other is contributed to the same
duration in each step of staircase output
voltage.

Thus, the maximum discharging
amount of each capacitor can be defined as
(30) in one half-cycles

TABLE.4
DIFFERENT RELATED CALCULATIONS
OF THE PROPOSED IMPROVED CSMLI

WWW.1jiemr.org

Parameters Symmetrc Asymmetric

Nl B+l a1 1 (25)

hun | ¥, m| L2 (26

‘ 2

VR (?il«’_ . +Zl )
Ny Y Z bkt T L ot

Vi [Z”‘+E wwsl gy | AU
=1nb, =3[|.-‘”‘|]

N [0m 28

N In (29)

TABLE 5
DIFFERENT SWITCHING AND
CAPACITORS STATES OF THE

PROPOSED
17-LEVEL INVERTER

on switches v, c, C,

U TITLTAS, S, | W, v D | D

2 | TT,.TS)LS, W+, c| D

3 | T TLSLS, ¥, v, c| b

4 | 1TSS ¥, +v, | c

5| T, T0LS).S, .. C C

6 | T.T..T,.5/.5; ¥, c| c

7 | TIT,.T.S,.51 V4 p| c

g | s | TLTLS!S, Ve c| c
*5“ T,.7,T.S5,.5)

'TE ? TTT.S).S, 0 ¢

g [0 ] rriris: s ¥, c| c

| T.1.7.8,.8] Vv, D| C

12 | T.\T.T.5).8; -V, C C

13 | T,.7).7..5,.5; -, c| c

14 | 7,,7,.7.8,.5, L T D C

15 | T\T,.T.8.8, -V, v, c| D

16 | T.T,.T,.5/.5, A, v, c | D

17| T.IWTL8.8, | W, —v., v, D D

Qe — %[_ Towesin (2w fot — @)dt, i — 1,2
(30)

where T , fS, and Jout are the period of one
cycle, frequency of output voltage, and
amplitude of load current, respectively, and

also [t~ i"ﬂis the time interval
corresponded to the longest
discharging cycle (LDC) of each capacitor.
On the other hand, in the proposed 17-level
inverter, this time interval varies for C1 and
C2. According to Table 3.5, the LDC for C1
and C2 i1s illustrated by Fig.3.7. Thus, by
considering the kVin as maximum allowable
voltage ripple, the optimum value of
capacitors can be taken by

C Qci

opt, i 2 k_lfm-.

i=12
€19
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T T8 1246
Time (s)
Fig.7. Typical output voltage waveform of

17-level inverter for positive half-cycle.

V POWER LOSS ANALYSIS

Theoretical total power losses and
overall efficiency of the proposed improved
CSMLI based on (m = 1) are calculated. For
this kind of converters, always three major
types of associated losses should be
considered, which include: switching losses
(Psw), conduction losses of semiconductor
devices (PCon), and ripple losses of two
utilized capacitors (PRip). All calculations are
done based on the fundamental switching
frequency strategy [29].

Switching Losses

Switching loss occurs during the ON
and OFF period of switching states. For
simplicity, a linear approximation between
voltage and current of switches in the
switching period is considered. Based on this

assumption, the following equations can be
expressed for ith involved power switch:

ton
= - fsw_/t oni (£)i(2)

7fsw‘/ (“”‘ ) (77.\“7!)")) dt

w Vorn,idst
Gf, o, on

(32)

www.ijiemr.org
tors

- T 7fwfmock (D)i(t)dt

_ Vhlock. i I’
= /( tors )(7&,#“75“”]) <

= gfs,walock.«;f iltorr

(33)

where Ii and I; are the currents that pass
through ith power switch after turning ON
and before turning OFF, respectively, and fsw
is the switching frequency equalized to the
reference frequency. In order to calculate the
total switching loss, the number of ON (Non)
and the number of OFF (Noff) switching
states per one cycle should be multiplied by
(32) and (33) according to the following:

10 Non Now
sw—g E Pw(n\zk"‘E Psw()FF:.k

i=1

(34)

Ci1

» :
}l C; | SRon+ 2IEsr I pp
Videl+Vde Ry %

()

Va2 Ro . VF

|—‘ VWV 3Ron
L cC ,dc 5
1
Idcl Ron + I'tse Lcc

o
-1
Ro iy ccidel Cc2 Ry
+
Vel Ron + I'esr
T

®)

Yor)
, <2 4Ron+ I'esp
VW
nm iLco
iL.cD— fae1
RL
Ron + I'esr.
Vdc! 1

Fig. 8. Equivalent circuit of the proposed 17-
level structure with a resistive load in (a)
discharging modes, (b) charging modes, and
(c) combination of charging and discharging
modes.

Conduction Losses

To calculate the total conduction
losses of each component, a straightforward
method based on pure-resistance load is
presented. Regarding Table V, three possible
operating modes can be investigated
including discharging states for both
capacitors (states number of 1 and 17),
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charging states for both capacitors (states
number of 5, 6, 8, 10, 12, and 13), and
discharging states for one capacitor and
charging states for another one or vice versa
(other remaining states).

Fig.3.8(a)—(c) demonstrates the
equivalent circuits of charging and
discharging operating modes for capacitors.
In these figures, Ron, RD, rESR, RL, and VF
are the internal ON-state resistance of each
switch, internal resistance of each diode,
equivalent series resistance (ESR) of each
capacitor, load resistance, and the forward
voltage drop of each incurred diode,
respectively.

According to Fig.3.8(a) during the series
connection of capacitors to the respective dc-
voltage sources, the value of load current can
be written as

"'11{1::lc T+ Ve, + Vo2
SRonx + 2rgsr + R

i, pp =
(35)

Therefore, the instantaneous conduction loss
(pc,DD) and average conduction loss
(pc,DD) for one full cycle of discharging
mode with respect to the time intervals of
Fig.3.7 and Table V, can be calculated as
follows:

pe.op = (5Rox + 2resr )iz pp°
(36)

Pe.DD =

2 fow (ﬂ )
E—is Pe.DD

T

(37)

Also, with respect to Fig.3.8(b) and by
considering the time intervals between states
of 3 and 5 and also states of 1 and 2 in
Fig.3.7, the instantaneous and average value
of conduction losses for charging modes of
both capacitors (pc,CC and pc,CC), are driven
by the following equations, respectively,

www.ijiemr.org

Current stress

RL (0)

Fig.9. Variation of current stresses versus RL
in three defined modes

Peco = Roxioc” + Rplis:* +ix2’)
_ I .\
+ (Rox + resg) {(lL.CC —ig1) +(inco — i) }
(38)

28
L ((t5 —t3) + (t2 = 1) pe.cic

T
(39)

Pecc =

where i4c; and igc2 can be calculated by using
the Kirchhoff voltage law (KVL) according to
following, respectively,

(resg + Rox)in.co + Vi —ve1 - Vr
Rp+ resg + Rox

lge1 =

(40)

(rese + Rox)iz,cc +3Vie = vea — Vi
RD + TESR - R(JN

le2 =
(41)

In addition, by taking Figs.3.8(c) and 7 into
account, when the capacitor of C1(C2) is

charged (discharged) and C2(Cl) is
discharged (charged), the instantaneous and
average conduction losses can be expressed
as follows, respectively,
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. VI — —
P.cp,i = (4Rox + Tesr)ic,cp” + Rpige,i~ fori=1,2

+ (Rox + 7esr) (ic,cp — ’fde,i)z
42)

zi [[(ts — t6)] Pe.op.2 + [(ts — t5)

+(t3 — t2)] pe,cp ] -

Pe,CD =

(43)

As a result, the total value of conduction
losses (PCon) in one full cycle can be
summarized by the following:

PCnn = Pe.DD T Pe.CC T Pe.CD
(44)

Fig.3.9 shows the variation of load current
stresses versus load resistance. As it can be
found, the maximum value of short circuit
current (iscmax) Occurs in the charging mode
operation (i cc) and therefore this value must
be tolerated by incurred components among
the three defined modes.

Ripple Losses

When the capacitors are connected in parallel
for charging operation, the ripple losses occur
by the difference between the respective input
voltage and the across voltage of capacitors
(ve,ii = 1, 2)) [25]. Therefore, the ripple
voltage of capacitors (AVCi) is taken from

1 .
= [ ic.tat

t!!

AV, =

(45)

where iCi(t) is the passing current of
capacitor and [T — t] is that the time interval
for charging modes, which can be attained by
regarding Table V. Thus, the total value of
ripple loss, for one full cycle of output
waveform is equalized to the following
equation:

=
Prip = I:Tw E Ce AV
i—1

(46)

www.ijiemr.org

From (45) and (46), it is clear that, PRip is
inversely proportional to the capacitance Ci,
which means larger capacitance contributes to
higher value of the overall efficiency.

Moreover, based on the above analysis, in
order to design the proposed converter, two
main  identical  restrictions must be
considered, which are expressed as follows:

'i,.-_,: mar
Rt i

Ic:ut.nmx oy, )\
47)
viil ck
1'{3111.1113}: E ;
(43)

where A, Vout,max, and lout,max are a safety
coefficient, maximum value of output
voltage, and current, respectively. Therefore,
with respect to (47) and (48), the maximum
value of output power (Pout,max) can be
expressed as

VBlockisc,
Pﬂu[.]nﬂx E o A;C ———
(49)

Finally, the overall efficiency of the proposed
improved CSMLI can be defined by the
following:

Pout
Pout+Psw+PCon+PRip
(50)

n =

VI. INDUCTION MOTOR (IM)

An induction motor is an example of
asynchronous AC machine, which consists of
a stator and a rotor. This motor is widely used
because of its strong features and reasonable
cost. A sinusoidal voltage is applied to the

stator, in the induction motor, which results in
an induced electromagnetic field. A current in
the rotor is induced due to this field, which
creates another field that tries to align with
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the stator field, causing the rotor to spin. A
slip is created between these fields, when a
load is applied to the motor. Compared to the
synchronous speed, the rotor speed decreases,
at higher slip values. The frequency of the
stator voltage controls the synchronous speed.
The frequency of the voltage is applied to the
stator through power electronic devices,
which allows the control of the speed of the
motor. The research is using techniques,
which implement a constant voltage to
frequency ratio. Finally, the torque begins to
fall when the motor reaches the synchronous
speed. Thus, induction motor synchronous
speed is defined by following equation,

120
n, = 1207
P
Where f is the frequency of AC supply, n, is
the speed of rotor; p is the number of poles
per phase of the motor. By varying the

frequency of control circuit through AC
supply, the rotor speed will change.

Control Strategy of Induction Motor

Power electronics interface such as three-
phase SPWM inverter using constant closed
loop Volts 1 Hertz control scheme is used to
control the motor. According to the desired
output speed, the amplitude and frequency of
the reference (sinusoidal) signals will change.
In order to maintain constant magnetic flux in
the motor, the ratio of the voltage amplitude
to voltage frequency will be kept constant.
Hence a closed loop Proportional Integral (PI)
controller is implemented to regulate the
motor speed to the desired set point. The
closed loop speed control is characterized by
the measurement of the actual motor speed,
which is compared to the reference speed
while the error signal is generated. The
magnitude and polarity of the error signal
correspond to the difference between the
actual and required speed. The PI controller

generates the corrected motor stator
frequency to compensate for the error, based
on the speed error.
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VII MATLAB/SIMULINK RESULTS
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Fig 11 simulation wave form of 17-level
output voltage and current
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Fig 12 simulation wave form of 17-level

output voltage and current with RL-load
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Fig 13 Simulation circuit of MLI 17-level
three phase Inductions motor

I

LAy
|

Fig 14 Simulation wave form of output
voltage and current

Fig 15 Simulation wave form of induction
motor current, speed, torque

CONCLUSION

In this project, at the first, a new reduced
components’ SCC topology was presented, which
possesses boost capability remarkably and also
can pass the reverse current for inductive loads
through existing power switches. The voltage of

WWW.1jiemr.org

all the capacitors in this structure is balanced by
binary asymmetrical algorithm. Next, a new sub
multilevel structure based on suggested SCC was
proposed, which can generate all the voltage
levels at the output (even and odd). In this case,
the conventional output H-bridge cell used to
convert the polarity of SCC units has been
removed; therefore, number of required IGBTs
and other involved components are decreased.
After that, an optimizing operation was presented,
which could obvious the number of required
capacitors in each of SCC units that participate in
the CSMLI to generate maximum number of
output voltage levels with less number of
elements. Moreover, comprehensive comparisons
were given, which prove the differences between
improved symmetric and asymmetric CSMLIs in
contrast to some of the recently presented
topologies in variety of aspects. The proposed
system is three phase Induction Motor
performance and characteristics we are studied
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