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Abstract
This paper presents asymmetrical current sourceilevel inverter approach for high power output

applications. The topology used here is derivaanfrthe multilevel voltage-source inverter (MVSI) lopal
conversion, this allows the wealth of existing kihentge relating to the operations, modulations andtrol strategies
of multilevel VSI to be immediately applied to sushultiievel CSI. It is based on the parallel cortimer of the H-
bridge inverter cells using different control teithues. Simulation of asymmetrical current sourcédtinevel inverter
is shown using 2 and 3 H-bridge inverter cellshwitirallel connection using optimization angle oalntechnique.
Now ever by the supplies which are in GP with défe ratios like 2,3, etc. The proposed configorais shown for
7,9, 15 and 27 level inverters having inherentaatiyges of the H-bridge multi level inverters. &tuwal and
operational characteristics are discussed anditti@rent advantages are shown. Simulation usinga®&imulink is
done to verify the performance. Simulation andiltsgor this proposed scheme are presented ipépsr.

Keywords: Asymmetrical multilevel inverter, Current souncwilti level inverter, MATLAB Simulink, Optimization

angle control, Symmetrical multi level inverter,talcharmonic distortion (THD).

I ntroduction

Recently  multilevel  power  conversion
technology has been a very rapidly growing area of
power electronics with good potential for further
developments. The most attractive applications hig t
technology are in the medium to high-voltage range.
Multilevel converters work more like amplitude
modulation rather than pulse modulation and asaltre

+ Each device in a multilevel converter has a
much lower dv/dt stress.

e The outputs of the converter have almost perfect
currents with very good voltage waveforms
because the undesirable harmonics can be
removed easily,

* The bridges of each converter work at a very
low switching frequency and low speed
semiconductors can be used and Switching
losses are very low.

The converters that were focused upon were
voltage source converters, with multilevel voltage
waveforms. These converters divide the total input
voltage among a number switches and allow a reslucti
of the voltage harmonics. As mentioned, these hee t
most commonly used and best-understood multilevel
converters. The most multilevel converters discdidge
the literature are multilevel voltage source cotess:
However, in many current applications,

such as shunt active filters, active power line
conditioners, VAR compensations etc., we need ® us
multilevel current converters. This paper presentseew
multilevel current converter and introduces difetr
methods for obtaining the levels of current sourites
each bridges of the multilevel current source. Then
proposed multilevel current source converter esdbre

of a shunt active filter, which is obtained basedtlis
converter. The proposed new multi level current
converter consists of a set of parallel single-phtagi-
bridge converter units. The AC current output oftea
levels full-bridge converter is connected in paiaduch
that the synthesized current waveform is the surthef
converter outputs. In other words, for high current
applications, many switches can be placed in parall
with their current summed by inductors.

However, as one of multilevel converter types,
Current source Inverters (CSIs) have also some
advantages such as inherent four quadrant operation
capability, direct control of the output currentdagasier
fault management for higher power applications sagh
high power drives. Moreover the power circuit of @Sl
is simpler and more robust than the VSI due to no
freewheeling diodes with unidirectional current vilo
Also the CSI can provide a higher reliability reldtwith
a dc-link inductor than a capacitor for the VSI.I€8re
not as common as VSIs, an important reason for this
reduced interest in CSls is that inductors usea @S| as
storage elements have higher conduction losses and
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lower energy storage efficiency compared to DC link
capacitors in VSIs. But, with the development of
superconducting magnetic energy storage (SMES)
technologies many of the problems of conventional
inductors can now be solved, and hence their
applications are developing specially for highemwpr
ratings.

Multi Level Inverter

There are two types of multi level inverter
according to the current source, symmetrical typgtim
level inverter and asymmetrical type multi levelénter.

In symmetrical type multilevel inverter all H-bridgells
are fed by equal current sources and hence alhthe
cells produce similar output current steps. Ifth# cells
are not fed by equal rating current sources theriey
becomes an asymmetrical one. In this inverter tine a
cells have different effect on the output current.

The H-bridge inverter consists of power
conversion cells each supplied by an isolated dcenti
source on the dc side, which can be obtained from
batteries, fuel cells, etc. The advantage of th®logy is
that the modulation, control and protection requizats
of each bridge are modular. It should be pointettioat,
unlike the neutral point clamped and flying-inducto
topologies isolated dc current sources are requioed
each cell in each phase. Fig. shows a three-phase
topology of inverter with isolated dc-current s@scAn
output phase-current waveform is obtained by surgmin
the bridges output currents.

lo()=lo; (t) +lox () +- - +lo, () ......... Q)

wheren is the number of parallely connected

bridges
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Fig:1 Structure of two cells multi level inverter
The inverter output voltagdo () may be
determined from the individual cells switching stat
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If all dc-current sources in Fig. are equall o
the inverter is then known as a symmetrical muwléle
one. The effective humber of output current levels
symmetric multilevel inverter is related to the Isel
number by,
n=1+2N

To provide a large number of output levels without
increasing the number of bridges asymmetrical
multilevel inverters can be used. It is proposedhoose
the dc-current sources according to a geometric
progression with a factor of 2 or 3. Agof such parallel
connected inverters, one can achieve the following
distinct current levels

n=20N"- 1 if Idcj = 2j-1ldc, j= 1,2, .
-1N n= 3N ’ If ldej = 3j_ 1IdC! j=
1,2,...,N.

Typical waveforms of Fig. multilevel inverter with
respectively two dc current sourcdg. @nd 24) gives
seven-levels output and two dc current soulgesnd
3l4c gives nine-level output.

Tablel Comparison of multilevel inverter

Symmetrical | Asymmetrical Inverter
Inverter i
Binary Ternary

N 2N+1 P 3"
DC source| N N N
number
Switches | 4N 4N 4N
number
lomax(pu) N N1 (3%-1)/2

The maximum output current of thede¢ cascaded
multilevel inverters is

lo, max =Z lgc s |-
Equation can be re written as,

lo, max = (2' = 1) ke If hej= 20 lge,  j= 1,
2,....,N _

lo, max = (2 = 1)/2) ke If loej= 3" g, = 1,
2, s , N

Asymmetrical Current Source Multi Leve
Inverter

This method eliminates the excessively large
number of bulky transformers required by converglon
multi level inverters, the clamping diodes requireg
diode clamped multilevel inverters and the large @io
inductors required by flying inductor multilevel
inverters.In ACMLI DC current with ratio binary (2nd
ternary (3) are the most popular. In binary pregien
within H-Bridge inverters, the DC current havirgfio
1: 2: 4: 8. . : 2N and the maximum current outpould
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be (2-1) | dc and the current levels will be™2-1).
While in the ternary progression the amplitude o€ D
currents having ratio 1: 3: 9: 27. . : 3N and theximum
output currents reaches to{¢3.)/2) | dc and the current
levels will be (3). Comparing the equations it can be
seen that asymmetrical multilevel inverters canegate
more current levels and higher maximum output gata
with the same number of bridges.

Control Techniques

There are many modulation techniques to
control this inverter, such as Selected Harmonics
Elimination or Optimized Harmonic Stepped-Waveform
(OHSW), Space Vector PWM (SVPWM) and Carrier-
Based PWM (CBPWM), Symmetrical step control,
Optimization angle control, comparison control
technique, etc.

Among other modulation optimization angle
control strategies are the most popular methodd use
CMLI because they are simple, efficient and easy to
implement in hardwareln this method for different
current levels proper firing angles are calculatexin
sine equation. According to the optimized firinggkes
output voltages are obtained from equation.

I= 1, Sinpt

The scheme of Optimization angle control technifpre
AMLI was proposed to improve the output voltage and
current waveform with less THD.

Simulation and Simulation Results

The computer software package Matlab
Simulink was used to implement all of the Modulatio
Techniques. Fig.2 shows the simulation model afvel
and 9-level Asymmetrical multi level inverter mogdel
which is same but the switching angles and inputces
of power are different. To achieve 7 level curreutput,
it is proposed to choose the dc-current sourcesrdg
to a geometric progression with a factor of 2 aod <
level a geometric progression with a factor 3 uding
bridges.
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Fig.3. Simulation model for 15-level and 27-level AMLI

Fig.3 shows the simulation model of 15-level
and 27-level Asymmetrical multi level inverter imat the
model, which is same but the switching angles apaditi
sources of power are different. To achieve 15 level
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current output, it is proposed to choose the decerir
sources according to a geometric progression with a E
factor of 2 and for 27 level a geometric progressisth

a factor 3 using three bridges. With using sameoho
components we can obtained different output ctirren
levels but with different THD magnitudes. The outpu
results with same no of bridges but with differsatirces
are shown below.

1 oot [1hg o o 1 23
Trie

. Fig. 6 15 levelOutput of ACMLI using three bridgeswith
1 | binary GP ratio

The THD result are summarized below obtained frben t

| L 1 above output waveforms of the currents.
Fig. 4 7 level Output of AMLI using two bridges with TABLE 2
binary GP ratio. Asymmetrical| NO. Of | NO. of | THD(%)With
Types Multi| Bridges Current Optimum Angle
Level Levels Method
Inverter
ACMLI with | 2 7 14.73
Binary ratio
3 9 14.11

ACMLI with | 2 15 7.33

Ternary ratio

3 27 4.73

Fig.5 9level Output of AMLI using two bridgeswith
ternary GP ratio

| | | |
o il 003 04 10 0%
Tine

Fig. 27 Output of ACMLI using three bridgeswith binary
GPratio
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The above results shows that as we increase the
no of output levels THD reduces. For that if we wamn
increase the output current level to reduced theédTH
level using SMLI, we have to increase the no ofipes.
By using four bridges and ternary voltage ratio ces
have the 81 level output voltage, but more bridges
increase the cost and hence their losses, andedilice
the efficiency. Further for fourth bridge DC souise27
times the DC source voltage for the first bridged an
hence bridge requires much more different powengat
still have to carry the same current. Rating of finarth
bridge would be 27 times higher than rating of fingt
bridge and for 81 level inverter switching losses also
increased. When we use the 3 bridges THD is 3.84 wi
additional one bridge it reduces to 4.73 that isangreat
reduction. Hence, In ACMLI use of ternary GP ratiith
three bridges that is 27 level is
optimum. For obtaining same no of output level SNH_I
costly than the AMLI. But symmetrical type multiviel
inverter it is easy to control compared to AMLI. EM
requires equal rating sources while in AMLI themngtof
sources are different and must be kept accordinGRo
ratio.THD for same no of bridges in ACMLI is less
compared to SMLI is less and hence AMLI is effitien
than SMLI.

Conclusion

The scheme of Optimization angle control
technique for MLI was proposed to improve the otitpu
current. And it has been concluded that by increpsp.
of levels for the output current, the THD can beueed.
No. of levels can be increased by increasing theofho
bridges of MLI. Further for same no. of bridges in
AMLI, in ternary progression output current has eor
levels then binary . ACMLI are cheaper than the $CM
and also operate at low THD levels with same no of
bridges. Due to its inherent advantages ACMLI issmo
preferable than SMLI.
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