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Abstract—Multilevel inverters have got very much popularity
in last few decades. There are many topologies of inverter,
keeping in view the efficiency and reduced circuit complexity.
This paper mainly focuses on reduce device count of an inverter
with switched DC sources proposed topology. This paper
presents an analytical analysis of three phase five level switched
DC sources inverter. The multicarrier pulse width modulation
techniques like phase opposition, phase disposition and phase
opposition disposition are compared with improved efficiency in
MATLAB/SIMULINK. Switched DC source topology results in
less number of switching devices as compared to classical
topology. The topologies are compared according to their output
voltage, output current, and total harmonic distortion (THD).

Index Terms— Switched DC sources, cascaded H-bridge,
POD, total harmonic distortion, pulse width modulation
(PWM).

I.  INTRODUCTION

Inverters are fundamental devices to convert DC supply to
AC source. There are many devices that cannot work properly
without low-distorted sine wave supply. To cope-up with this
problem, the sinusoidal pulse width modulation scheme is used
to extract pure sine wave at the output. Input DC supply can be
taken from many sources such as battery, photovoltaic array,
magneto hydrodynamic generator, fuel cell, power supply
network, or rectifier of rotating alternator etc. [1]. This constant
supply is converted to variable width (pulse width modulation)
with constant frequency. Later on, it is provided to power
switches for proper shaping of sinusoidal signal. There are
different types of modulation schemes like; saw tooth PWM,
linear modulation, and sinusoidal pulse width modulation
(SPWM) [2]. To get pure sine wave at the output, SPWM is
widely used because of multiple advantages such as reduced
filter size, less harmonics, cost effective, low distortion factor
etc. [3-5].Furthermore, the multilevel waveform has a better
harmonic handling capability as compared to a two-level
waveform obtained from conventional inverters. MLIs are
advantageous due to reduced dv/dt affect on the user end load
and high bearing capability of fault-tolerant operation [6-8].
The conventional inverters like, multilevel inverters which are
mostly comprises of H-bridge cells connected in series to
synthesize a required voltage from number of separate DC
sources which may be attained from batteries or fuel cells. All
these properties of cascaded inverters provide us a platform by
using various pulse width modulation (PWM) schemes to
control the working performance of an inverter efficiently [9-
13]. Those pure sine wave inverters are used for
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uninterruptable power supplies (UPS), AC motor drives,
HVDC transmission lines, standby aircraft power supplies.

The arrangement of this paper is divided in various sections
mentioned as. In Section Il the MATLAB simulation of three
phase five level inverter with switched DC sources are
presented. The section Il illustrates the three phase output
voltage and its total harmonic distortion for each phase. In
Section 1V, description of a control scheme based on
multicarrier pulsewidth modulation (PWM) is given. In last
the Conclusions are concluded in Section V.

Il. SIMULATION OF THREE PHASE FIVE

LEVEL INVERTER WITH SWITCHED DC
SOURCES INVERTER
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Fig. 1. MATLAB/SIMULINK Model of three phase
inverter with Switched DC sources.
In this model IGBTs are used as switching devices with an
antiparallel diode. Input DC voltages are used as symmetric
DC voltage sources three phase inverter. The IGBTs (insulated
gate bipolar transistor) are placed with complementary pairs as
(T;,T°;). Each phase has three pairs of active switches, if T1 is
in on condition the T’1 must be in off condition for proper
switching operation of inverter. IGBTs are operated on
multilevel carrier signals having switching frequency of 1
kHz. In this topology multiple isolated input DC sources are
alternately connected in opposite polarities through IGBTSs the
power switching devices. These sources are added
individually or in combined form to produce three phase five
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level staircase output voltage. The Simulink model is
designed for three phase five level inverter with switched DC
sources. This approach downsizes the power switching
devices as compared to classical topologies. As we increase
the voltage sources the number of output levels will be
increased N=2n+1 where n is number of DC sources and N is
number of output levels. The input DC sources are denoted as
Ej (where j from 0 to n) and current from the sources are
denoted as ij(t). The voltage across IGBTSs is considered as
nodal voltage and the voltage across load will be considered as
load voltage .By adopting this technology the number of
switching devices are reduced for performing the same
operation as compared with classical topologies. This
topology is most suitable for battery powered applications.

Ill. THREE PHASE OUTPUT VOLTAGE AND

TOTAL HARMONIC DISTORTION (THD)
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Fig. 2. Three Phase Output Voltage Waveform

In Fig.2, three phase five level output voltage waveform of
switched DC sources is shown with POD carrier scheme. It
can be clearly seen in Fig.2 that each phase voltage is having
120° phase shift from each other. The produced output voltage
has symmetrical DC sources, Vou = +2Vdc for each phase.
The output voltage of proposed topology is shown using phase
opposition disposition carrier scheme. The five level output
voltage wave form is generated on resistive load having
switching frequency of 1 kHz and modulation of index as 1.
The output voltage can be utilized for three phase load as well
as for single phase load according to the requirement

Fundamental (50Hz) = 48.39 , THD= 26.15%
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Fig. 3. Output Voltage THD For Phase-A
The total harmonic distortion for out voltage of phase-A is
26.15% which is shown in Fig.3. The harmoincs are obtained
at fundamental frequency of 50Hz and sampled at Nyquist
frequency. At x-axis harmonic order is mentioned and on y-
axis the magnitude of harmonic is mentioned.

Fundamental (50Hz) = 46.18 , THD= 28.60%
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Fig. 4. Output Voltage THD For Phase-B

The total harmonic distortion of output voltage for phase-B
is 28.60% which is shown in Fig. 4. The harmoincs are
obtained at fundamental frequency of 50Hz and sampled at
Nyquist frequency. The significance of harmonics decreases
as the order of harmonic increases. The magnitude of
harmonics is mentioned at y-axis and harmonic order is
mentioned x-axis.
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Fundamental (50Hz) = 47.3 , THD= 28.24%
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Fig. 5. Output Voltage THD For Phase-C
The Fig.5, gives the illustration about THD of five level
output voltag for phase-C, which is 28.24%. The harmonics
are produced at fundamental frequency of 50Hz. At x-axis
harmonic order is mentioned and on y-axis the magnitude of
harmonic is mentioned.
IV. CONTROL SCHEME BASED ON
MULTICARRIER SINUSOIDAL
PULSEWIDTH MODULATION (PWM)
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Fig. 6. Multicarrier Sinusoidal PWM scheme

Multicarrier sinusoidal PWM is most commonly used
technique. Pulse width modulation techniques are adopted to
perform the control operation of an inverter with respect to its
voltage and current. In the above mentioned figure the phase
opposition disposition scheme is given which is used for the
switched DC source inverter. All the carrier signals which are
above the zero reference value of sinusoidal point are at 180°
out of phase with those which are below the zero reference
point value. Sinusoidal signal is used as reference signal,
upper two carrier waves are used for producing the positive
peak of inverter which is 2Vdc and on contrary the lower two
carrier signal are used for producing the negative peak of
inverter which is -2Vdc (Vdc=12volt). Here we have four
carrier signals hence five levels are produced (N=n+ 1) where
N is number of levels and n is number of carrier signal.
TABLE: | Component requirements and total voltage stress (N
is number of levels in Phase voltage).

T

Inverter Cascaded H- | Switched DC
Type/Component | bridge source

Number  of  main | 6(N-1) 3(N+1)

switches

Number  of  main | 6(N-1) 3(N+1)

diodes

Total component count | 27/2(N-1) (15N+9)/2

In this table it is clearly analyzed that the number of power
switches requirement is less in case of switched DC source as
compared to cascaded H-bridge. Therefore less power is
dissipated through IGBTs. When devices are in conducting
mode and switching mode, hence efficiency and reliability is
increased.

V. CONCLUSION

Multilevel inverters are getting more interest in recent times,
researchers are trying different topologies and scheme to
increase output levels by reducing component counts. In this
research paper the performance of three phase inverter in
evaluated with the switched DC sources topology which is
reduced component requirement topology. The performance is
analyzed on the basis of inverter’s three phase output voltage,
their THD, and component count. Simulation results are
performed on three phase phase five level inverter with
proposed topology by using MATLAB. The analysis
illustrates that the switched DC sources topology has certain
advantages over conventional topologies therefore switched
DC sources topology is highly competitive but it has two
major limitations 1) the number of isolated DC sources
required as in case of CHB and 2) lessens the bearing
capability for fault-tolerant and reduced modularity as
compared to CHB topology.
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