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Abstract- This paper proposes a comparison between cascaded seven level inverter and nine level inverter using Phase
opposition and disposition Pulse Width Modulation control scheme. The number of switches used in the cascaded seven and
nine level inverter is identified and the Total Harmonic Distortion (THD) between them is compared. As the level gets increased
the number of switches gets increased so the reduced switch topology is used with Pulse Width Modulation control scheme. The
number of switches used in the reduced switch seven level and nine level inverter topology will be less when compared to the
cascaded seven level and nine level inverter. The Total Harmonic Distortion (THD) between cascaded multilevel inverter and
the reduced switch multilevel inverter is compared. The results are observed by MATLAB/SIMULINK software.

I. INTRODUCTION

There is a huge power requirement in industries and other areas. Multilevel inverter has become popular to fulfil power requirement
due to advantage of high power quality waveforms, low electromagnetic compatibility [1]. Inverter is a device that converts
electrical power from DC to AC form using electronic circuits. Generally simple inverter gives 2 or 3 level output voltage
.Multilevel inverter gives 3 or more output voltage levels. It produces a stepped output voltage with reduced harmonic distortion
when compared to a 2 level inverter. Multilevel inverters are basically 3 types [2]

A. Diode clamped inverter

B. Flying capacitor inverter

C. Cascaded inverter
The most commonly efficient inverter is cascaded multilevel inverter (CMLI). It provides higher output voltage and power levels. It
is one of the methods used for drive application which meet the requirements such as high power rating with reduced THD and
switching losses. The CMLI consists of number of levels as the levels gets increase the number of switches gets increase. In order to
overcome this problem, we use the concept of “switch reduction”. In this work, the new topology called reduced switch diode bridge
topology is used to reduce the switches and separate dc-source in CMLI. The MOSFETs used as semiconductor switches.
MOSFETSs are preferred in: High frequency applications (IMHZ), Wide line or load variations, Long duty cycles, and Low-voltage
applications (500V). Mainly the MOSFET switches are selected because of its fast switching capability.
Here the bi-directional switch diode bring is used as the reduced switch topology. Bi-directional switch consists of three major
categories namely common emitter type, common collector type and diode bridge. The diode bridge is the simplest technique
comparing to other two methods. The diode bridge topology comprises a conventional H-bridge inverter, bidirectional switches, and
also includes capacitor where the voltage gets divided. The modified H-bridge topology is significantly advantageous over other
topologies, i.e., less power switch, power diodes, and less capacitor for inverters of the same number of levels [3]. The comparison
between cascaded and reduced switch 9 level MLI and 7 level MLI were done and based on the results obtained the most effective
MLLI is adopted that gives the reduced THD output, less number of separate DC sources and also reducing the number of switches
used as the levels gets increased.
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11. CASCADED SEVEN LEVEL INVERTER
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Fig.1. Simulation model of cascaded seven level inverter
The cascaded seven level inverter requires 2(m-1) switches where, m represents the number of levels. Thus for the nine level it is
that 2(7-1) = 2*6 = 12 switches are used in the cascaded nine level inverter. The control technique for the CMLI used is the pulse
width modulation with POD technique is used where the carrier signal above the zero axis all the carrier wave have same frequency,
same amplitude and in phase each other. But the below the zero axis all the carrier wave have same frequency, same amplitude and
in phase but all carrier wave have phase shifted 180 degree compare to the above zero axis carrier waveform. The PODPWM
method has been given the better results among various methods. The first three subsystems consists of the full bridge circuit which

uses MOSFET as the switching device.
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Fig.2. Simulation model of PODPWM technique
The Fig.2. Represents the PODPWM technique. The modulating signal is compared with the four carrier signal above zero axis and
four carrier signals below zero axis that generates the gate pulses.
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Fig.4. Switching pattern for cascaded seven level inverter
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Fig.3. Generation of pulses by PODPWM technique
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0.02 0.025

0.026

The Fig.3.shows the generation of pulses by using the PODPWM technique and the Fig.4.represent the switching sequence of the
cascaded seven level inverter. The Fig.5.shows the output voltage which has seven steps in the positive and the negative half cycle.

111. REDUCED SWITCH SEVEN LEVEL INVERTER

The multilevel inverters do have some disadvantages. One particular disadvantage is the greater number of power semiconductor
switches needed and also it needs separate DC sources. There are many topologies to reduce the switches in the multilevel inverter.
The bi-directional switch topology is used for the reduction of switches. There are three types of bi-directional switch topology such
as common collector type, common emitter type and diode bridge topology. This project

uses diode-bridge topology for the reduction of switches, which consists of four diodes are arranged in the bridge topology in which
switch is placed at the middle of the diode bridge.
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Fig.6. Simulation model of seven level inverter using reduced switch topology.
The Fig.6. represents the reduced switch diode bridge topology for seven level inverter where six switches are used for phase A
instead of using 12 switches.
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Fig.7. Single carrier sinusoidal pulse width modulation
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Fig.8. Switching sequence for seven level inverter.
There are three reference signal compared with one carrier signal to produce the pulse. Here refl interacts with carrier signal and
produce the pulsel, ref2 interacts with the carrier and produces pulse2, ref3 interacts with the carrier and produces pulse3 and ref2
interacts with the carrier and produce the pulse4. The switch S2and S4 operates at the fundamental frequency. By comparing the
pulse P1 and P3 that produces the pulse for the switch S1, switch S2 operates at fundamental frequency is triggered. The pulsel and
3 is compared for next positive cycle to produce the pulse for switch S3, then S4 operates at fundamental frequency is triggered. The
pulse for the switch S5 is produced by comparing the NOT gated pulse P1 and the pulse P2 both are AND gated and produces the
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pulse for the switch S5. The NOT gated pulse P3 and the pulse P4 is AND gated and produces the pulse for the switch S6. The
number of switches require in the cascaded H bridge seven level inverter is 12 switches for each phase so totally 36 switches
requires for three phase seven level inverter in cascaded form. But the reduced switch topology requires 6 switches per phase so
totally 18 switches requires for three phase seven level inverter. Hence the component gets decreased in using the reduced switch

topology.

Table.1. Switching table f;ﬁitié switch seven level inverter
Voltages | S1 S2 S3 S4 S5 S6
ov 0 1 0 1 0 0
+100V 0 0 0 1 0 1
+200V 0 0 0 1 1 0
+300V 1 0 0 1 0 0
ov 1 0 1 0 0 0
-100V 0 0 1 0 0 1
-200V 0 0 1 0 1 0
-300V 0 1 1 0 0 0
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Fig.9. Output voltage waveform of reduced switch seven level inverter
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Fig.10. Output current waveform of reduced switch seven level inverter

The Fig.9. represents output voltage waveform and Fig.10. represents output current waveform of reduced switch seven level

inverter.
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IV. CASCADED NINE LEVEL INVERTER
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Fig.11. Simulation model of cascaded nine level inverter

The cascaded nine level inverter requires 2(m-1) switches where, m represents the number of levels. Thus for the nine level it is that
2(9-1) = 2*8 =16 switches are used in the cascaded nine level inverter. The control technique for the CMLI used is the pulse width
modulation with POD technique is used where the carrier signal above the zero axis all the carrier wave have same frequency, same
amplitude and in phase each other. But the below the zero axis all the carrier wave have same frequency, same amplitude and in
phase but all carrier wave have phase shifted 180 degree compare to the above zero axis carrier waveform. The PODPWM method
has been given the better results among various methods. Where the subsystem 1,5,4,3 consists of the full bridge circuit which uses
the MOSFETSs as the switches.
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Fig.12. Simulation model of PODPWM technique

The Fig.12. represent the PODPWM technique. In which one reference signal is compared with the four carrier signal above zero
axis and four carrier signals below zero axis that generates the gate pulses.
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Fig.13. Generation of pulses by PODPWM technique
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Fig.14. Switching pattern for cascaded nine level inverter
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Fig.15. Output voltage of cascaded nine level inverter

The Fig.13.shows the generation of pulses by using the PODPWM technique and the Fig.14.represent the switching sequence of the
cascaded nine level inverter. The Fig.15.shows the output voltage which have nine steps in the positive and the negative half cycle.
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V. REDUCED SWITCH NINE LEVEL INVERTER
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Fig.16. Simulation model of nine level inverter using reduced switch topology
The Fig.16. represents the reduced switch diode bridge topology for nine level inverter where seven switches are used for phase A
instead of using 16 switches.

Genaration of pulse
T

B Carrier Wave

Referenc signal
for 51, 52, 53,54
Reference Signal
for s3

1 Aeference Signal
fr 56

| W Reference Signal

for 57

R - ]
T T T

Voltagefwaits)

d L B o

i i i
4] 0.006 0.01 0016 002
Tima{gac)

Fig.17. Single carrier sinusoidal pulse width modulation

Switching sequence
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Fig.18. Switching sequence for nine level inverter.
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TABLE I

Table.2. Switching table for reduced switch nine level inverter
There are four reference signal compared with one carrier signal to produce the pulse. Here refl interacts with carrier signal and
produce the pulsel, ref2 interacts with the carrier and produces pulse2, ref3 interacts with the carrier and produces pulse3, ref2
interacts with the carrier and produce the pulse4, and the ref4 interacts with carrier and produces pulse5. The switch S2and S4
operates at the fundamental frequency. By comparing the pulsel and 3 produces the pulse to the switch S1, switch S2 operates at
fundamental frequency is triggered. The pulsel and 3 is compared for next positive cycle to produce the pulse for switch S3, then S4
operates at fundamental frequency is triggered. The product of pulse 3 and NOT gated pulse5 is compared with the product of
pulsed4 and NOT gated pulsel to produce the pulse for the switch S5 and S7 and the switch S6 is triggered by comparing the pulse2
and NOT gated pulse3. The number of switches require in the cascaded H bridge nine level inverter is 16 switches for each phase so
totally 48 switches requires for three phase nine level inverter in cascaded form. But the reduced switch topology requires 7
switches per phase so totally 21 switches and three separate dc sources are required for the three phase nine level inverter using
reduced switch topology. Hence the components gets decreased in using the reduced switch topology.
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Fig.19. Output voltage waveform of reduced switch nine level inverter
The Fig.19. represents the output voltage waveform of reduced switch nine level inverter, where it uses the less number of switches

and separate DC sources when compared to the cascaded nine level inverter.
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TABLE Il
Table.3. Comparison ™o §3—TCASCADED | REDUCED | CASCADED | REDUCED between Cascaded
Multlle_vel myerter and SEVEN SWITCH NINE SWITCH reduced switch
multilevel inverter LEVEL SEVEN LEVEL NINE
INVERTER LEVEL INVERTER LEVEL
TOPOLOGY INVERTER | TOPOLOGY | INVERTER
TOPOLOGY TOPOLOGY
No. of 12 switches | 6 switchesare | 16 switches | 7 switches are
switches | are used per used per are used per used per
used per phase phase phase phase
phase
THD 19.70% 16.46% 13.79% 11.12%

From the above comaparison table we can easily identify that the reduced switch nine level inverter uses less number of switches
compared to other multilevel inverter and also produces lowest THD in the output voltage. Thus the reduced switch nine level
inverter is more efficient to uses in many applications.

VI. CONCULSION

In this work the cascaded seven and nine level inverter configuration are simulated using SIMULINK. The number of switches,
separate DC sources and the THD in both the cascaded seven level and nine level inverter is compared. As the levels get increased
the switches and the separate DC sources also increases. In order to reduce the number of switches, DC sources and the THD the
reduced switch topology is used. The reduced switch seven level and nine level inverter configuration was implemented using
SIMULINK. By comparing the cascaded seven level and the nine level with the reduced switch seven level and the nine level
inverter, the reduced switch topology using multilevel inverter requires less number of switches and the separate DC sources and the
THD value gets reduced as the levels gets increased. From the results the reduced switch nine level inverter is more efficient when
comparing with the other such that it requires seven switches, one separate DC source and the THD is 11.12% which is less when
compared with other configuration using multilevel inverter.
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