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Abstract -- Multilevel inverters are generally
used in medium-voltage and high-power
applications. The new structure of multilevel
inverter proposed in this paper uses less
number of switches compared to conventional
topologies. Hence provides lower switching
losses and economically advantageous unit
than conventional cascaded H-bridge
inverter. The new multilevel inverter topology
suggested here is simulated using level shifted
carrier pulse width modulation technique for
gate signals for switches. This structure allows
reduction of the system cost and size.
Effectiveness of the proposed topology has
been demonstrated by comparative analysis
and simulation.

Index Terms-- Multilevel systems, Circuit
topology, Pulse width modulation inverters.

I. INTRODUCTION

The Multi-Level Inverter (MLI) has been the life
of the modern day medium and high voltage
power electronic device based applications. It
can provide higher voltages with nearly
sinusoidal voltage waveforms. Owing to
different switching strategies, it has been now
possible to control the lower order harmonics in
the multilevel inverter output voltage.

Some of the widely used MLI are Neutral Point
Clamped (NPC), Flying Capacitor (FC),
Cascaded H-bridge (CHB). They have become
popular due to their modular structure and ability
to produce quality sine wave in their output with
fewer harmonic [1]. Yet the losses in the inverter,
optimal use of switches and reduction in required

number of switches have been the matter of
interest in research. Different carrier based PWM
techniques are explained that helped in selecting
suitable PWM strategy for the proposed topology
in [2-3]. Based on the study of different
topologies in [4-6], the scope of new topologies
with reduced number of switches in MLI design
can be realized.

Many new topologies have been suggested to
reduce the switches and hence losses occurring
in the MLI. The presented topology reduces the
losses by reducing the number of switches for
given number of output voltage levels. To
produce m voltage levels in the output of the
MLI, (m+1) power electronic semiconductor
switches are used. Compared to conventional
topologies the number of switches used is less
and hence the losses in the MLI are less.

In the presented paper, section-II describes in
brief the Cascaded H-Bridge MLI topology as
the presented topology is going to be compared
with it. The proposed MLI topology and its basic
working are discussed in section-III. For the
presented MLI topology, the control strategy
using PWM techniques is described in section-
IV. In section-V, the simulation results of the
proposed MLI topology are presented. The
comparative analysis of proposed MLI topology
with the conventional topologies is presented in
section-VI. Section-VI contains the conclusion.
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Il. CASCADED H-BRIDGE MULTILEVEL
INVERTER

Cascade Multilevel Inverter (CMLI) is one of the
most important topologies in the family of
multilevel inverters [1]. It is built to synthesize a
desired AC voltage from several levels of DC
voltages. The DC levels are considered to be
identical since all of them are batteries, solar
cells, etc. [2], [3]. It requires least number of
components when compared to diode-clamped
and flying capacitors type multilevel inverters
and no specially designed transformer is needed
as compared to multi pulse inverter [3],[4],[6]. A
cascaded multi-level inverter consists of a
number of H-bridge inverter units with separate
dc source for each unit and it is connected in
cascade or series as shown in Fig.1 [1].

Each H-bridge can produce three different
voltage levels: +E, 0 and -E by connecting the
dc source to ac output side by different
combinations of the four switches S1, S2, S3,
and S4.

The ac outputs of each of the different full-
bridge inverter levels are connected in series
such that the synthesized voltage waveform is
the sum of the inverter outputs [5].
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Figure 1 Single phase structure of a
multilevel cascaded H- bridge inverter

The number of output phase voltage levels, m, in
a cascade inverter is defined by m=2s+1, where
s is the number of separate dc sources. The phase
voltage of m level multilevel inverter can be
given as:

Van = El + EZ + E3 + -+ E[(m—l)/Z]

In many of the well-known multilevel inverter
topologies, the required number of power
electronics devices depends on the voltage level.
However, increasing the number of power
semiconductor switches also increases the
inverter circuit size, cost, and installation areca
and control complexity. To provide higher
number of output levels with reduced number of
switches, a new topology for multilevel inverter
is proposed in this paper. Fig. 2 shows proposed
five-level MLI topology.

With this topology five levels are obtained in
output that is +2E, +E, 0,-E & -2E if only one
module as shown in Fig. 2 is used, where the E
is the value of voltage of a single DC source.
Here (m-1)/2 number of DC sources of equal
values are used for producing m levels in output
voltage waveform. The circuit connection for
producing m = 5 levels is shown in Fig. 2.

The switching table for proposed five-level
inverter is given in Table 1. For value of voltage
level E and —E the diodes D4 and D5 conducts.
Thus diodes D4, D5 does not only work as
freewheeling diodes but also as active switches
carrying load currents.

The proposed structure is modular that allows
increase in MLI output level by adding the
module as shown in Fig. 2. One can add number
of modules to increase levels in

PROPOSED TOPOLOGY
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Figure 2 Basic unit of proposed multilevel
inverter
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TABLE 1
SWITCHING TABLE FOR PROPOSED FIVE LEVEL
MLI
Sr. Voltage
No. level Switches(1= ON, 0= OFF)

S1 S2 S3 S4 S5 S6 Conducting

diode
1 +E 01 0 01 O D4
2 +2E 0 1 1 0 1 0 -
3 0 0 000 0O -
4 -E 1 0 01 0 O D5
5 2E 1 0 0 0 0 1 -

output voltage. As we increase the number of
modules, with each module, two more switches
are added and two additional levels can be
obtained in the inverter’s output phase voltage.

IV. PWM SIGNAL GENERATION FOR

PROPOSED MLI SWITCHES

For switching of this inverter switches, the
level shifted carrier PWM technique has been
used. Four signals are generated by comparing
four level shifted triangular waveforms with
single sine wave as shown in Fig. 3.
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Figure 3 Four level shifted carrier and a
reference sine signal [2]

These four signals are further combined to
create six gate signals for six inverter switches
which are placed in MLI as shown in Fig. 2.The

simulation block diagram of gate signal
generation is shown in Fig. 4 and Fig.5.
V. COMPARISON OF PROPOSED MLI

TOPOLOGY WITH CONVENTIONAL CASCADED
H-BRIDGE INVERTER AND OTHER
CONVENTIONAL TOPOLOGIES

Compared to conventional cascaded H- bridge
inverter, where for m levels, the numbers of
switches used are 2*(m-1) per phase, in this

topology the number of switches used are (m+1)
for m levels. For example if we take five level
inverter then in cascaded H-bridge inverter the
number of switches used are 2*(5-1) = 8 while in
this topology the number of switches used will
be (5 + 1) = 6. Thus requirement of switches are
reduced by two in this case.
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Figure 4 Signal generation using level shifted
carrier sine PWM
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Figure 5 Gate signal generation for six
inverter switches from four signals obtained
from level shifted carrier PWM
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The comparison of number of switches used in
cascaded H-bridge MLI and proposed MLI for 5,
7 and 9 voltage levels MLI is presented in the
Table II.
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TABLE I1
COMPARISON OF CASCADED H-BRIDGE AND
PROPOSED MLI FOR NUMBER OF SWITCHES USED
FOR 5,7 AND 9 VOLTAGE LEVELS

Cascaded H- Proposed MLI
bridge MLI
Numb 1- 3- 1- 3-
er of phase | phase | phase | phase
Volta | No. of | No. of | No. of | No. of
ge switch | switche | switch | switch
levels es s used es es use
used used
2*(m- | 3*(2*( | (m+1) | 3*(m+
1)) m-1)) 1)
5 8 24 6 18
7 12 36 8 24
9 16 48 10 30

From the comparison study, it can be observed
that for three-phase 9-level MLI circuit (48-30)
=18 switches can be saved. In general with this
topology, for an inverter producing m levels in
output voltage waveform, (m-3) switches can be
saved (Reduced) compare to cascaded H-bridge
multilevel Inverter. Even the number of switches
taking part in conduction is also less in presented
MLI compared to CHB. The maximum number
of switches taking part in conduction in five level
CHB MLI is Four while in the said topology the
maximum number of switches taking part in
conduction is three.

With reduced number of switches, losses can
be reduced as well as considering bulk
production of units; it can turn into significant
savings.

VI. MATLAB SIMULATION AND RESULTS
FOR FIVE LEVEL AND SEVEN LEVEL MLI OF
PROPOSED TOPOLOGY

The proposed topology for single phase five
level and seven level MLI has been simulated for
combined resistive and inductive load (RL load)
using MATLAB/simulink using level shifted
carrier based PWM technique. Fig. 6 shows the
MATLAB/simulink model of proposed five-
level topology.

Figure 6 Simulink block diagram of
proposed MLI topology for single phase five
output voltage level.

The simulation of proposed five-level MLI is
carried out in continuous mode using following
parameters:

DC source voltage E=100 V.

Resistance(R) of load = 12Q.

Inductance (L) of load = 3.82mH.

Fundamental frequency = 50 Hz

Carrier frequency = 750 Hz
The resulting output phase voltage is shown in
Fig. 7.

The FFT analysis has been done in the
MATLAB for the five level inverter output phase
voltage waveform. Total Harmonic Distortion
(THD) is observed to be 19.21 % as shown in
Fig. 8.

Figure 7 Five Level output phase voltage
waveform for RL Load
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Figure 8 FFT analysis of output phase
voltage waveform of five level MLI of
proposed topology.

The simulation is also preformed for seven-level
structure of proposed topology in order to
validate the feasibility of the said topology using
an additional module consists of one extra DC
source of E = 100 V and two more switches as
shown in Fig. 2. The simulation model
parameters for seven level MLI are same as used
for five-level topology. The resulting output
phase voltage waveform is shown in Fig. 9.

Figure 9 Seven Level output phase voltage
waveform for RL Load (R = 12 Ohms, L=
3.82mH, ma=1.2, mf=15)

VII. CONCLUSION

In this paper, a new MLI structure is proposed
without making use of any transformer and
capacitors. Hence, it reduces the size, cost and
losses.

With reduced number of switches, losses can
be reduced as well as considering bulk
production of units, it turns into significant
saving.

The modular design can help in increasing

the number of output voltage levels as per
requirement. Of course the switching device
voltage and current ratings have to be taken into
consideration for each incremental change in
level. The limitation of this topology is that the
switches are not equally stressed. Also, the
topology requires equal voltage isolated DC
source. Owing to comparative economic benefit
this drawbacks can be looked over.

REFERENCES

[1] Rodriguez, J.; Jih-Sheng Lai; Fang Zheng
Peng, "Multilevel inverters: a survey of
topologies, controls, and applications," IEEE
Transactions on Industrial Electronics,
vol.49, no.4, pp.724-738, Aug 2002.

[2] Bin Wu,*“ Cascaded H-Bridge Multilevel
Inverters”,in High-Power Converters and ac
Drives, Isted., Hoboken, New Jersey, USA,
: John Wiley & Sons, Inc., 2006, pp.127-136.

[3] Tolbert, L.M.; Habetler, T.G., "Novel
multilevel inverter carrier-based PWM
method," IEEE Transactions on Industry
Applications, vol.35, no.5, pp.1098-1107,
Sep/Oct 1999.

[4] Ceglia, G., Guzman, V.;Sanchez, C.; Ibanez,
F.; Walter, J.; Gimenez, M.I. "A New
Simplified Multilevel Inverter Topology for
DC & AC Conversion", IEEE Transactions
on Power Electronics, vol.21, no.5, pp.1311-
1319, Sept. 2006.

[5] Ahmed, R.A.; Mekhilef, S.; Hew Wooi Ping,
"New multilevel inverter topology with
minimum number of switches," 2010 IEEE
Region 10 Conference (TENCON 2010),
vol. no.2, pp.1862-1867, Nov. 2010.

[6] Hulusi Karaca “A Novel Topology for
Multilevel Inverter with Reduced Number of
Switches”, World Congress on Engineering
and Computer Science, WCECS, 2013, San
Francisco, USA, vol I, 23-25 October, 2013.

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-2, ISSUE-7, 2015
19



