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Abstract: Recently, electricity systems, electrical vehicles (EVs),
and distributed generation (DG) systems, etc., area unit centered
thanksto the world environmental problems. The ability physical
science, converters and inverters, may be a key technology in
these systems. A switched-capacitor (SC) electrical converter
outputs structure voltages with switched capacitors. Associate SC
electrical converter is comparable to a charge pump within the
topology. The SC dectrical converter outputs a bigger voltage
than the input voltage in similar thanks to the charge pump.
However, the SC electrical converter additionally has several
shift devicesthat create the system sophisticated. On the opposite
hand, a Marx electrical converter, that has less shift devices
compared to the SC electrical converter, was projected. Marx
electrical converter are often considered one in every of the SC
inverters thanks to its operation principle. In this paper, the
circuit configuration, the theoretical operation, the simulation
results with MATLAB/SIMULINK, and also the experimental
results area unit shown. The experimental results accorded with
thetheoretical calculation and also the simulation results.

Keywords: Inverter, SC, SDCS, H-Bridges, PWM, PDPWM,
DG

1. INTRODUCTION

In this paper, Associate in Nursing SC electrical
converter whose structure is less complicated thiae
traditional SC electrical converter is plannedcdnsists of a
Marx electrical converter structure Associate inrding an H-
bridge. The planned electrical converter will outparger
voltage than the input voltage by switch the capasi
asynchronous and in parallel. The planned elettcizaverter
doesn't have any inductors that create the sysiant.drhe
output harmonics of the planned electrical convestguare
measure reduced by the construction output.

2. MULTILEVEL CONVERTER

Inverter: An inverter is an electrical device that conveitect
current (DC) to alternating current (AC); the corigd AC
can be at any required voltage and frequency wi¢ghuse of
appropriate transformers, switching, and controlcudts.
Static inverters have no moving parts and are usedwide
range of applications, from small switching powapplies in
computers, to large electric utility high-voltageedt current
applications that transport bulk power. Inverterse a
commonly used to supply AC power from DC sourceshsas
solar panels or batteries. The electrical inveitera high-

The EVs and also the grid connected decigranpower electronic oscillator. It is so named becaesely

systems want Associate in nursing electrical cdmeveto
convert dc to ac. Boost converters or transformsggare
measure wide utilized in these systems once that mgtage
is smaller than the output voltage. However, arctdtzal
device or Associate in nursing electrical devicehimi the
boost device makes the system giant, as a resulthef
electrical device and also the electrical deviceuth have
giant and significant magnetic cores to sustairhiga power.
As a provision against the problem, a charge puthpt
doesn't have any inductors, is applied to suclesyst

A charge pump outputs a bigger voltage than th

input voltage with switched capacitors. Once thenyna
capacitors and also the input voltage sources equaasure
connected in parallel, the capacitors square measharged.
Once the many capacitors and also the input volsageces
square measure connected asynchronous, the capatjtare
measure discharged. The charge pump outputs thefaithe
voltages of the capacitors and also the input geltsources.
However, a charge pump has several switch devibas t
create the system a lot of difficult.
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mechanical AC to DC converters was made to work in
reverse, and thus was "inverted", to convert DQA@ The
inverter performs the opposite function of a réetif

Cascaded H-Bridges InverteA single-phase structure of an
m-level cascaded inverter is illustrated in FigureEach
separate dc source (SDCS) is connected to a gimglse full-
bridge, or H-bridge, inverter. Each inverter legah generate
three different voltage outputs, ps 0, and -V by

connecting the dc source to the ac output by differ

&ombinations of the four switchesl,, SZ, 83, and § To obtain

+Vdc, switches §and S4are turned on, whereas d—c\lzan be

obtained by turning on switche§ &d % By turning on §
and Sor§ and S the output voltage is 0. The ac outputs of

each of the different full-bridge inverter levele aconnected
in series such that the synthesized voltage wanefier the
sum of the inverter outputs. The number of outpbase
voltage levels m in a cascade inverter is defingdnb= 2s+1,
where s is the number of separate dc sources. Amgbe
phase voltage waveform for an 11-level cascadedidtye
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inverter with 5 SDCSs and 5 full bridges is shownFigure
31.2. The phase voltaggnv V HV otV otV Y

Hin)=

[cnsi ney |+ cas|nf, j+...+cos(né, }] ;
an

For a stepped waveform such as the one depicted ...

Figure 31.2 with s steps, the Fourier Transform fiis
waveform follows
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Fig.1. Single-phase structure of a multilevel cdecbH-bridges inverter
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Fig.2. Output phase voltage waveform of an 11-leaskade inverter with 5
separate dc sources.

The magnitudes of the Fourier coefficients whemmadized
with respect to \ are as follows:
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The conducting angles&ll, 0,... 0, can be chosen

such that the voltage total harmonic distortiom isinimum.
Generally, these angles are chosen so that predammiower
th

frequency harmonics, 5th, 7th, 11th, and ,1Barmonics are
eliminated. More detail on harmonic elimination Heigjues
will be presented in the next section.

Multilevel cascaded inverters have been proposed
such applications as static var generation, arrfade with
renewable energy sources, and for battery-baselitatpns.
Three-phase cascaded inverters can be connectsdpas in
Figure, or in delta. A prototype multilevel cascddstatic var
generator connected in parallel with the electrggatem that
could supply or draw reactive current from an eleat
system.

The inverter could be controlled to either regulate
power factor of the current drawn from the sourcehe bus
voltage of the electrical system where the inventeas
connected. A cascade inverter can be directly attedein
series with the electrical system for static vampensation.
Cascaded inverters are ideal for connecting reniewertergy
sources with an ac grid, because of the need foarate dc
sources, which is the case in applications such
photovoltaic’s or fuel cells.

Cascaded inverters have also been proposed for
as the main traction drive in electric vehicles,evéhseveral
batteries or ultra capacitors are well suited twesas SDCSs.
The cascaded inverter could also serve as a egftifiarger
for the batteries of an electric vehicle while thehicle was
connected to an ac supply as shown in Figure. Auiditly,
the cascade inverter can act as a rectifier inhécleethat uses
regenerative braking.
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Fig.3. Three-phase connection structure for elesthicle motor drive and
battery charging.

where n

as

use

The main advantages and disadvantages of multilevel

cascaded H-bridge converters are as follows
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3. MULTICARRIER PWM SCHEMES: the Fig. 5, in which all the carriers above theozesference
are in phase and carriers below the zero referarealso in
In this section four different control techniquesveell as the phase but are phase shifted by 180° with respetttatoabove
proposed control scheme are discussed. zero reference. But in APODPWM carriers in adjadgamds
are phase displaced by 180°, which is shown in.Fig.

A. Phase Shifted PWM T T — "‘IM T .nu M
aalll 1t Al I, AAAANUY i
The essential principle of PSPWM is phase shifting “1.,5'::\/\!\"".* 'il,*' I.vﬂl'i.l",l"l,l "' I‘t 'I,I'“'l | h',*'ﬂ# i
carriers of each bridge to achieve additional haimo Ay "“'a"h'l'aAN "',,.I |l ".n"l,J '||| |'.f" fl'k,'ﬂ "l, '--'55. ""lfll"‘
sideband cancellation, which occur around the esamier o W\ 1 hl{W M /v f'\.u- hﬁ"\f\)"fﬁ"fhl' !,li ] "'"ﬁ-,". ﬁ[
multiple groups. Fig. 3 shows the carrier arrangeméor the A l|'" V '| '-' i (NARAN " " Vﬂ\' "ﬂ V
three H-bridge cells connected in series in on¢hef phase as '.'I\M"'“"'I' \ Wl,i"”"y... '| -I,. ,‘, 'L'I'r .f'llil",,'lLf ,.”}‘V |
legs of a seven level-cascaded structure. Optimarmdnic aah A f\l AR ,” ! ;,u, er A *f
cancellation is achieved by phase shifting eachearany (k-1) ash 'I'Mq- iy I'(\J "'ll 'N', | '.'\AJ """ 'y'
In, where k is the k th converter, n is the numbeseries- aaf llel\“,'",l IW-.' \ "Illll'lli'\f\)"l' I \ fl,,ll AN
connected single-phase inverters per phase leg. thiee NARRERLRT| il I' LSS VA TV

cascaded H-bridges with the carrier phase shift66f,
harmonic cancellation up to side bands around pia#tiof 6fc
will be achieved. The cancellation is not dependamtthe
carrier/fundamental frequency ratio.
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B. Carrier Disposition PWM =Y 'n."'l"l"'ﬁ'* AV AN VAV
In this carrier dispositon PWM (CDPWM) method =4 Ull,h.l,l,ll .J:. J.'n'[' AN RAN A ‘ ,t,r
modulation is achieved by having L-1 triangular rieas ozl "' 'K 1Y } Y A
where L is the number of voltage levels. Theseiearrare MLI",u“n,.. ".",Iu'|“”'|-'|l...|n ".'n'u'.n |
arranged so that they fully occupy continuous baimdghe Bl "-'-" H—U ol “L"' v e e
range of -(L-1) Vdc/2 to (L-1) W2 (for L odd). A single
sinusoidal reference is then compared with thesgeca to Fig.7. APODPWM Technique for 3-cell H-Bridge Invart
determine the switched voltage level. The degre&regfdom
for these CDPWM techniques is given as: 4. SWITCHED CAPACITOR (SC)
2x A
M =——— (1) A switched capacitor is an electronic circuit elemeused
(L—Ijx Al for discrete time signal processing. It works by ving

charges into and out of capacitors when switchesoaened
Where,Ar is the amplitude of the reference waveforhe.is  and closed. Usually, non-overlapping signals areduso
the amplitude of the carrier waveform.is the number of control the switches, so that not all switches alesed
levels. simultaneously. Filters implemented with these &pts are
This CDPWM strategy includes phase dispositiontermed "switched-capacitor filters,” and dependyomh the
pulse width modulation (PDPWM), phase oppositionratios between capacitances. This makes them mumte m
disposition pulse width modulation (PODPWM) and suitable for use within integrated circuits, whexecurately
alternative phase opposition disposition (APODPWM)the  specified resistors and capacitors are economicabhstruct.
PDPWM technique all the carriers are in phase acaissthe The switched capacitor resistor the simplest switch
bands as described in Fig. 4. The PODPWM is expthin  capacitor (SC) circuit is the switched capacit@is®r, made
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of one capacitor C and two switchesa®d $ which connect The capacitorsC, are charged when they are
the capacitor with a given frequency alternatelythie input  connected in parallel and are discharged when they
and output of the SC. Each switching cycle tramssfar connected in series. From Fig. 3, the switcBgsand S,, of
charged from the input to the output at the switching the proposed inverten(= 2) are symmetrically driven during
the half cycle of the reference waveform. Therefaitee
voltage ripple of the capacit@l is focused.

Assuming that the power factor of the output load

[}' = co% = . . -
. . sp = 1, the longest discharging term of the capaditbrin
whereV is the voltage across the capacitor. Thereforeenwh the proposed inverten(= 2) is between t2 and t3 in Fig. 3.

gliiss.closed while Sis open, the charge stored in the Capadto[é\ssuming the modulation index M = 3, the timets and § in
S .

frequenC\f. Recall that the charggon a capacito€ with a
voltageV between the plates is given by:

. Fig. 3 are
g = CsVin. . i aon
When S is closed, some of that charge is transferreabtite e acrelll S A
capacitor, after which the charge that remains apacitor ) 27 fref (4)
Csls: sin~ 1 (2/3)
goutr = CsVour. | By =
Thus, the charge moved out of the capacitor tmthput is: 27 fres (5)
= = Cs(Vin — Vi v — sin~!(2/3)
4 = 4N — JouT = 's(: IN — DUT) jo. . F—HIR y&o)
Because this chargpis transferred at a rate the rate of C ¥t fre 6
transfer of charge per unit time is: . T (6)
I = t}‘f Where fy is the frequency of the reference waveform.
Note that we usk the symbol for electric current, for this 'IC':hiesrefore, the maximum discharge amaQnof the capacitor
guantity. This is to demonstrate that a continutvassfer of ! i
charge from one node to another is equivalent turaent. o 2
Substituting forg in the above, we have: h = j-‘rb!;x— sin( 2w fr. pt — @) dt
I =Cs(Vin — Vour)f ()
LetV be the voltage across the SC from input to outpait. Where },;sis the amplitude of the bus current waveform and
V = I’EN — VDUT‘- is the phase difference between the bus voltagefeaw v,
So the equivalent resistanRdi.e., the voltage—current and the bus current waveforgsi Q, supposes to be less than
relationship) is: 10% of the maximum charge Gf. Therefore, the capacitance
V 1 C, must satisfy
A=—=—, ~ o Gh
I C.Sf L > 01V,

. . (8)
Thus, the SC behaves like a lossless resistor wiasae : : :

! . L When the capacitor€, satisfy (8), the other voltage ripple
depends on capacitanGg and switching frequendy The SC which is causréd by PtNM isf)I/e(ss)than 10%. The pgemterl;tp
resistor is used as a replacement for simple ogsist of the capacitole is calculated by

in integrated circuits because it is easier toitalbe reliably Ve — Ve

with a wide range of values. It also has the bertefit its fop = ——

value can be adjusted by changing the switchinguieacy Fei + Mon (9)

(i.e., it is a programmable resistance). See algerational Where g, is the equivalent series resistance (ESR) of

amplifier applicationsd = CcV This same circuit can be the capacitor Cand g, is the internal resistance of the
used in discrete time systems (such as analog gdadi SWitching devices. From (9), the peak current ef ¢hpacitor
converters) as a track and hold circuit. During aperopriate  C1 is determined by the difference between the inmltage
clock phase, the capacitor samples the analoggelarough  Vin @nd the voltage of the capacitor,y and the internal
switch one and in the second phase presents thishmpled resistance of the switching devices. The differenfethe

value to an electronic circuit for processing. voltages \, - Vcy is small when the capacitance i€ large.
Therefore, when the switches which have small iaer
Determination of Capacitance resistance are used, the capacitade must be larger to

The capacitanc€ can be determined properly with Prevent the large peak current.
considering the voltage ripple of the capacit@s The
smaller voltage ripple of these capacitors leadth&higher
efficiency.
In this section, the capacitanCgare calculated when
the maximum voltage ripple is supposed to be 10%hef
maximum voltages of the capacitors.
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Fig. 4. Current flow of the proposed inverter=2) with an inductive load,
(a) all capacitors are connected in parallel, ife)dapacitoC1 is connected in
series and the capacitoB is connected in parallel, and (c) all capacitoes
connected in series.

When the phase difference satisfies 0< ¢ <

From (7) and (10), the maximum discharge amount
Q: is larger than the charge amo@ﬂ'g. Therefore, the voltage

ripple of the capacito€, is determined by); when 0745 <

cosy < 1. When the power factor gpsatisfies cag < 0.745,
there is the term when the current direction becoraeerse in
all states of the switching devices as shown in. Hg
Therefore, the maximum discharge amoQnts calculated by

tg
Ql = / Ib'u.? :;in[:?:’:’fr.eff - r—".}) dt
e (12)
From (7) and (12), the maximum discharge amoQntis
reduced. HoweverQ, is larger than the charge amou@

because the input current is larger than the reversrent
with an inductive load. Therefore, voltage ripplé the
capacitorC, is also determined b§; when the power factor
cow < 0.745. The maximum discharge amouit takes the
largest value when cps= 1 because the peak current is
accorded to the peak voltage. Hence, when the tapaeCy

is determined for cgs= 1, the proposed inverter can maintain
the output waveform for ces< 1.

5. CONCLUSION

In this paper, a unique boost switched-capacitectatal
converter was planned. The circuit topology wasouiticed.
The modulation methodology, the determination medthagy
of the capacitance, and therefore the loss calounladf the
planned electrical converter were shown. The dirgpéeration
of the planned electrical converter was confirmed the
simulation results and therefore the experimemtsiiits with a
resistive load and an inductive load. The planniettecal
converter outputs a bigger voltage than the inmitage by
change the capacitors serial and in parallel. Tleetrical
converter will operate with AN inductive load. Th&ucture
of the electrical converter is less complicatedttie standard
switched-capacitor inverters. Doctorate of the autpave
form of the electrical converter is reduced comgdate
standard the traditional the standard single palit Hridge

sin-1(2/3) i.e., 0745< cos < 1, the current flows as shown electrical converter because the conventional cocibn
in Fig. 4(a) and (b) before= ¢/2xf; . Therefore, the capacitor electrical converter.

C, is charged by the reverse current and the voltdgihe
capacitorC; is increased in the state wh€nis connected in

series as shown in Fig. 4(b). The charge am(@’ptof the
capacitorCl in the state is calculated by

& =- [f}.-:.‘ill'lur_l_.h._:iuilll_‘_:' T frept — &) di
£ (10)
Where Dgy4(t) is the duty ratio of the switclsal.

From Fig. 3 Dsa(t) is sinusoidal function betwednandt,. In

addition, Dsg4(t;)) = 0 andDsy4(ty) = 1. ThereforeDsy (1) is

calculated by

Denlt) Jihi]llﬂﬂ",,.f“ -1

(11)
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