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ABSTRACT:

The conventional diode clamped MLI suffers from a practical problem such as dc link unbalancing, indirect
clamping of inner devices, series association of the clamping diodes. This paper presents a solution by using
new diode clamped multilevel inverter. For both conventional and new DCMLI, Common Mode Voltage
(CMV) & THD comparison is presented using different multicarrier based Sinusoidal pulse width modulation

techniques, respective output are shown in this literature.
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. INTRODUCTION

Multilevel  inverters have  become
necessarily required in high power conversion
technology in today’s power grid, transportation
system and industrial motor drives. Multilevel
inverters invented with the specific aim of
overcoming the voltage limit capability of power
devices. These inverters offer advantages compared
to two level inverter; its features include good
power quality, low switching losses, high voltage
capability and low dv/dt. With the availability of
high power rating semiconductor switches,
multilevel inverter is attractive for high power
applications. Multilevel inverter includes an array
of power devices and dc capacitor voltages. It
generates output voltage in stepped waveform with
low distortion and lower dv/dt. It can operate with
low switching frequency. It involves high number
of switching states which decreases harmonics at
low frequency, thereby reduces switching losses
further dv/dt rating is lowered due to reduced
leakage current. In multilevel inverter, CMV is
reduced; voltage stress in motor bearing is reduced.
It avoids bearing failure due to CMV stress. Three
most popular topologies in multilevel inverter are
diode clamped MLI, capacitor clamped (flying
capacitor) MLI and cascaded multicell with
separate dc sources. An m-level diode clamped
multilevel inverter consists of (m-1) capacitors on
dc bus, voltage across each capacitor becomes
Ve /(m-1) and generates m-level synthesized
staircase output of phase voltage. With increase in
number of levels, harmonic content reduces and
filters are avoided. But with increasing number of
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levels, excess clamping diodes are required. In
capacitor clamped DCMLI, (m-1)(m-2)/2 clamping
capacitors are needed in addition to (m-1) main dc
bus capacitors to produce m-level output. Greater
number of storage capacitors arise problems of
packaging and bulky weight. The second topology
flying capacitor multilevel inverter is similar to the
structure of Diode clamped multilevel inverter. The
capacitor clamped inverter has series connection of
capacitor clamped switching cell.

An m-level of flying capacitor multilevel
inverter will require (m-1)(m-2)/2 clamping
capacitor per phase leg in addition to (m-1) main dc
bus capacitor. The connection of capacitor of FCMI
assure that voltage stress across each main switch is
same and equal to Vdc/(m-1) for m level inverter.
The main drawback of FCMI is that it involves
most number of capacitor comparative to other
multilevel inverter topology. The main drawback of
FCMI is that it involves most number of capacitor
comparative to other multilevel inverter topology.
Another multilevel topology is cascaded multicell
inverter. Number of series cell connected gives
output voltage which is the sum of voltage
generated by each cell. If m-cells are connected in
series gives output voltage level (2m+1). Multicell
cascaded inverter has simplest structure require less
number of component comparative to other type of
multilevel topologies.Modulation methods used in
MLI can be classified according to switching
frequency. Several modulation and control
strategies have been developed, includes sinusoidal
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pulse  width  modulation (SPWM),
multilevel selective harmonic elimination, and
space vector modulation (SVM). A very popular
method in industrial applications is the carrier
based SPWM that uses phase shifting technique to
reduce the harmonics in the output voltage. SVM
technique work with low switching frequency and
perform one or two commutation of power devices
during one cycle of output voltage generating a
staircase waveform. In this paper, a multicarrier
based modulation for DCMLI is presented. A
comparison of 5-Level conventional DCMLI & 5-
Level New DCMLI is given. MATLAB simulation
is done on five level DCMLI. Results give common
mode voltage analysis for different carrier based
modulation techniques (Phase Disposition, Phase
Opposition Disposition & Alternative Phase
Opposition Disposition).

. DIODE CLAMPED MULTILEVEL
INVERTER

The most commonly used topology is the
diode clamped multilevel inverter. It gives the
stepped output voltage with the use of clamping
diode. Voltage stress across power devices
decreases with the use of diodes. An m-level
DCMLI requires (m-1) voltage source dc bus
capacitors, 2(m-1) switching device, (m-1)(m-2)
clamping diodes. DCMLI output voltage is in the
form of staircase waveform with increase in levels
and came closer to the sinusoidal waveform.
Magnitude of the harmonic is lowered and at low
switching frequency THD is less, low switching
losses, low dv/dt rating, reduced CMV and
DCMLI[1].In Conventional 5-Level Inverter, DC-
bus consists of 4 capacitor, for bus voltage across
each dc bus capacitor is Vg/4 & each device
voltage stress is limited to one capacitor voltage
level Vy/4 through clamping diodes as shown in
fig 1 (a). The numbering sequence of the switches
for phase a is Sa;, Sa,, Sas, Say, Sas, Sag, Saz, Sas.
Table 1 gives the switching table for 5-level
DCMLI. State of switch 1 is means switch is ON
and State of switch 0 means switch is OFF.

a. For Van = 0 switches Sa;, Say, Sas, Sag are kept
ON and other switches are kept OFF.[8]

b. For Van = Vdc/4 Switches Sa,, Sas, Sas, Sas are
kept ON and other switches are kept OFF.

c. For Van = Vdc/2 Switches Say, Say, Saz, Sa, are
kept ON and other switches are kept OFF.

d. For Van = -Vdc/4 Switches Sas, Sag, Saz, Sag are
kept ON and other switches are kept OFF.
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e. For Vay = -Vdc/2 Switches Sas, Sas, Sag, Sa; are
kept ON and other switches are kept OFF.
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5-Level Conventional
DCMLI

{@K Sa8

5-Level New DCMLI

5 — Level DCMLI switching table

Sa | Sa | Sa | Sa|Sas [Sas | Sav | Ses | Van

1 2 3 4

1|1 1 (1 |0 0 0 0 Vdc/2

0o |1 ]1 )1 |1 0 0 0 Vdc/4

00 |0 |1 1 1 1 --Vdc/2

0|0 |0 |O 1 1 1 1 -Vdc/4

Table No.1 Switching state of 5-Level DCMLI
New Diode Clamped Multilevel Inverter:-

STRUCTURE:-The proposed Diode Clamped
Multi Level inverter is shown in fig. 1 (b), for 5-
Level total twelve diode and eight switches are
shown with equal voltage rating as conventional
DCMLI. Structure of New DCMLI extensible to
any level. An m-Level of inverter requires (m-1)
voltage source, (m-1) (m-2) diode, 2(m-1) power
switches are required[2].
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OPERATION:-Following Switching rule are
governed for 5-Level new Diode Clamped Multi
Level Inverter [8].

a. For any movement, there must be (N-1)
neighbouring switching are kept ON.

b. For each two neighbouring switches, the outer
switch can only be turn on when inner switch is
ON.

c. For each two neighbouring switches, the inner
switch can only be turn off when outer switch is
OFF.

vdos £ L g Vdc/a =

Vdc/d 5 Vdc/4

Vdc/4 T Vdc/d T

Vdc/d = Vdc/4 =

Fig. 3(a) Switching Cell Fig. 3(b) Switching Cell

In New DCMLI for operation purposes an
5-level inverter can be decomposed into (5-1)
switching cell as shown in fig. 3(a), 3(b), 3(c), and
3(d). In switching cell (a), switch S;;, Ss3, Sa4 are
always kept ON while switch S,;; and S,s work
alternately connecting inverter output Vdc/2 to
Vdc/4. Similarly in cell (b) switch Sg3, Sas, Sas are
kept ON while S,, and S, are work alternately and
connect inverter output Vdc/2 to 0. In cell (c) Sas
and S,; work alternately and S,s, Sas, Sas are kept
ON, connect output 0 to -Vdc/2. Similarly in cell
(d) Sa4 and Sa8 work alternately and switch Sgs, Sz
and S;; are kept ON, connect output -Vdc/2 to -
Vdc/4.Advantage of New Diode clamped
multilevel inverter [8]:- a. The diode series problem
of Conventional diode clamped multilevel inverter
is solved in new diode clamped multilevel inverter.
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b. In New diode clamped multilevel inverter not
only power switches are clamped but also diodes
are also clamped themselves.

c. The requirement for large RC network for series
connection of diode in conventional inverter is
solved in new DCMLI.

d. The adding an auxiliary clamping network
unequal voltage distribution problem resulted from
indirect clamping is expected to be mitigated.

Vdc/d = Vdc/4 =+

Vdc/4 =

vdcia T F vde/d T

Vdc/4 = vdcia = T

Fig.3(c) Switching Cell Fig.3(d) Switching Cell

1. Phase Disposition SPWM strategy (PD SPWM).

IV. CARRIER BASED MOLULATION
TECHNIQUES

In multicarrier SPWM strategies, several
triangular carrier signals are compared with one
sinusoidal modulating signal. To get m-level
multilevel inverter output, (m-1) triangular carrier
signals are compared with modulating sine wave.
All the carrier signals are of same A. and same f,
and reference sine wave has A, and frequency f,.
Each carrier signal is compared with reference sine
wave, pulse is generated when reference signal is
greater than the carrier signal.In this modulation
strategy, (m-1) carriers are compared with
modulating sine wave of frequency f,, to generate
m-level output. All the (m-1) carrier signals are of
same frequency f. and same amplitude A. and all
are in same phase. Fig 2 (a) shows APOD
modulation strategy generated SPWM pulses. The
SPWM pulses is generated in MATLAB
simulation.
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2. Phase Opposition Disposition PWM strategy
(POD SPWM).

In this SPWM POD strategy, the carrier
waveforms above the zero reference are in same
phase and carrier signals below are also in phase,
but are 180 degrees phase shifted from those above
zero. Fig shows (m-1) carrier signals to generate m-
level multilevel output. Fig 2 (b) shows MATLAB
simulated POD SPWM pulses.

Amplitude in Volt

0 0.005 0.01 0.015 0.02
Carrier arrangement for PODSPWM (MI=0.8)

Fig. 2(b) POD SPWM

3. Alternate Phase Opposition Disposition PWM
strategy (APOD SPWM)

In APOD strategy the carriers of same
amplitude are phase displaced from each other by
180 degrees from its adjacent carriers. The carrier
arrangement is shown in Fig. 2(c). For m-level
output, (m-1) carrier signals are phase displaced by
180 degrees to its adjacent carrier signal.
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Fig.2(c) APOD SPWM

IV. SIMULATION RESULT AND CMV
COMPARISON:

MATLADb simulation of 5-level conventional
and new DCMLI is presented. The input DC
voltage is 440 V. Fig. 3 (a) shows output leg
voltages of conventional DCMLI along with CMV.

Fig. 3 (b) shows output leg voltages of new
DCMLI along with CMV. The simulation output
gives a conclusion that by employing POD-SPWM

DeML PD POD APOD

| TH TH TH

cmv | o femv | Ot femy | g

5-L
DomL | 3998 | 139 | 18.97 | 266 | 30.56 | 224
: V [1%| v [7%]| Vv |4%
5-L
NEW | 39.54 | 15.6 | 18.98 | 26.3 | 30.86 | 27.5
DCML [ V [9% | VvV [|8% | V |1%
|

technique we can reduce the CMV or eliminate the
CMV. The CMV comparison of 5-Level
conventional DCMLI and New 5-Level DCMIL is
shown in table no.2.

Table No. 2 Comparison of CMV & THD in




International Journal of Engineering Research and Applications (IJERA) ISSN: 2248-9622
International Conference on Industrial Automation and Computing (ICIAC- 12-13" April 2014)

Conventional 5-Level DCMLI and New 5-Level V. CONCLUSION:-
DCMLI This paper presented a comparison of
Common Mode Voltage & THD in conventional 5-
© level DCMIL and New 5-level DCMLI. MATLAB

simulation results show that in Phase Opposition
Disposition SPWM technique, CMV found to be
much less than as compared to other SPWM
technique (PD/APOD).
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