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Abstract: A new idea to enhance the performance of
multilevel inverter that is an amalgamated rectangular
reference function used to improve the performance of
three phases cascaded multilevel inverter. In this paper
we are using the bipolar trapezoidal amalgamated
rectangular reference function is simulated for a phase
shifted (PS) technique, level shifted (LS) technique and
variable frequency (VF) techniques. In this level shifted
strategy provides higher DC bus utilization and phase
shifted strategy provides lowest distortions for
moderate index m,.

Key words: Three phase multilevel cascaded H- Bridge,
phase shifted technique level shifted technique and
variable frequency technique is used

LINTRODUCTION:

IN RECENT YEARS, industry has begun to
demand higher power equipment, which now reaches
the megawatt level. Controlled ac drives in the
megawatt range are usually connected to the medium
voltage network Today, it is hard to connect a single
power semi conductor switch directly to medium
voltage grids (2.3, 3.3, 4.16, or 6.9 kV). For these
reasons, a new family of multilevel inverters has
emerged as the solution for working with higher
voltage levels [1]-[3]. The principal motivation for
multilevel topologies is the increase of power, the
reduction of voltage stress on the switches, and the

generation of high quality output voltages and
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sinusoidal currents.CMUs use more than one DC
voltage source to generate an AC output voltage.
Shanthi and Natarajan made a detailed comparative
study of wvarious unipolar multicarrier PWM
strategies for single phase cascaded MU through
simulation using MATLAB-SIMVLINK and
dSPACEIRTI based implementation [4].To obtain a
low distortion output voltage or a nearly sinusoidal
output waveform, a triggering signal should be
generated to control the switching frequency of each
power semiconductor switch. They also simulated
and implemented carrier overlapping bipolar PWM
techniques for chosen single phase cascaded five
level inverter. Ayob and Salam proposed a
modulation technique for the cascaded multilevel
inverter in [5].Generalization of the pulse width
modulation sub harmonic method to control three
phase multilevel voltage source inverter is considered
in [6].The elementary concept of a multilevel
converter to achieve higher power is to use a series of
power semiconductor switches with several lower
voltage dc sources to perform the power conversion
by synthesizing a staircase voltage waveform [7].In
this work, the triggering signals of multilevel
converter are designed using the carrier based pulse
width modulation (PWM) scheme, since the PWM
provides high power with low harmonics. A three

phase CHB grid connected multilevel converter
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circuit is designed and simulated using the MATLAB
SimPowerSystems software

Il. THREE PHASE 5-LIVEL CASCADED H-
BRIDGE MULTILEVEL INVERTER

Three phase Inverter in Power-Electronics
refers to a class of power conversion circuits that
operate from a dc voltage source or a dc current
source and convert it into a symmetric ac voltage or

current

L]

For experimental lab scale model, the value of
nominal phase to phase voltage is 300V, nominal
frequency is 50Hz, active power is 3000W, inductive
reactive power is 500 Var, in the circuit 24 IGBTs
were used. Both IGBTS connected in series in half H-
bridge cannot be turned on at the same time to avoid

the shoot through fault.

1. SWITCHING TABLE

The Switching table of 5-level cascaded multilevel
inverter is shown bellow

S9 S10 S17 S18

2vdc S1 S2
S5  S6 S13 Si14 S21 S22
0 S2  S4 S10 S12 S18 S20
S6 S8 S14 S16 S22 S24
S3 S4 S11 S12 S19 S20
= - Vdc S6 S8 S14 S16 S22 S24
Fig.1 three phase five level cascaded H-bridge multilevel converter ovde 3 sS4 S11 S12 S19 S20
S7 S8 S15 S16 S23  S24

The three phase structure of a five level
cascaded multilevel inverter is illustrated in fig 1.
The inverter composed of three legs, in each one is a Fig 2 switching table
series connection of three H-bridge inverter fed by IV. CONTROL TECHNIQUES
independent dc sources. Each phase can generate five
different voltage outputs +Vdc, +2Vdc, 0,-Vdc,-2Vdc

using various combination of the switches. One of

A number of PWM modulation strategies are
used multilevel power conversion applications. This
the terminals of each single phase five levels CHB Multicarrier PWM modulation strategies can be
multilevel inverter is connected as star, while the categorized into the following groups like level
other terminal of each single phase CHB multilevel shifted technique, phase shifted technique and

converter is connected to a three phase series load. variable frequency technique. This paper focuses on
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bipolar ~ Trapezoidal ~Amalagated Rectangular
modulation strategies which have been used in
cascaded multilevel inverter. Level shifted technique
is also categorized three types like a phase
disposition technique (PD), phase opposition
disposition technique (POD), Alternate phase
opposition disposition technique (APOD).

A. PHASE DISPOSITION TECHNIQUE

In phase disposition modulation strategy 4
carrier waveforms are used. Where all carrier
waveforms are in phase. Figure.3 shows the
multicarrier arrangement for phase disposition

technique.

Fig.3 Multicarrier arrangement for PD technique

B. PHASE OPPOSITION DISPOSITION
TECHNIQUE

For phase opposition disposition (POD)
modulation all carrier waveforms above zero
reference are in phase and are 180° out of phase with
below zero. Figure.4 shows the multicarrier
arrangement for phase opposition disposition

technique.
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Fig.4 Multicarrier arrangement for POD Technique

C. ALTERNATE PHASE OPPOSITION
DISPOSITION TECHNIQUE

Alternate  phase disposition (APOD)
modulation, every carrier waveform is out of phase
with its neighbor carrier by 180°. Figure.5 shows the

multi carrier arrangement for APOD technique.

Fig.5 Multicarrier arrangement forAPODPWM
Technique

D. PHASE SHIFT TECHNIQUE

In this phase shifted modulation technique
carrier signals placement is usually all kinds of

multilevel inverters. This phase shifted modulation
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requires n-1 carrier waveforms are shifted by 360%n-
1, where n is number of levels. Figure 6 shows the

multicarrier arrangement for PS technique.

Fig.6 Multicarrier arrangement for PSPWM
Technique

E. VARIABLE FREQUENCY (VF) PWM
TECHNIQUE

In this variable frequency technique the frequencies
of the 4 carrier waveforms are not the same. This
variable frequency strategy is used as illustrated in
figure 7 in which the carrier frequency of the
intermediate switching is properly increased to

balance the numbers of switching for all the switches.

!
I

3 o1 oe1s [ e

Fig.7 Multicarrier arrangement for VFPWM
V. SIMULATION RESULTS
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The Three phase cascaded 5-level inverter is
modeled by MATLAB-SIMULIN. Switching signals
for the three phase 5-level CMI are developed using
bipolar modulation technique discussed previously.
Simulation is preformed for different values of m,
ranging from 0.8-1. The corresponding %THD AND
Vrms values are measured using the FFT block and
they are compared previous model of sine reference
function. The Table 1 is shown for the VVrms value is
more then the sine reference function and table 2 is
shown for the %THD value is lesser then the sine
reference function at modulation index m,=1 for all
technique like that of PD, POD, APOD, PS and VF

control techniques.
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Fig .8 Output wave form of three phase cascaded inverter with PD
technique
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Fig.9 Output wave form of three phase cascaded inverter
with POD technique

Fig .11 Output wave form of three phase cascaded inverter with PS

technique

s Dree ohage o fee phase g cormeted cascaded et wlh VF echrige

Fig.10 Output wave form of three phase cascaded inverter with
APOD technique
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Fig.12 Output wave form of three phase cascaded inverter with

VF technique
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TABLE1 VRMS FOR DIFFERENT MODULATION INDICES

Bipolar Trapezoidal Amalagated Rectangular

Sin wave reference function

Reference
Modulation | PS PD POD APOD | VF Modulation | PS PD POD | APOD | VF
indices indices
M,=1 157 156.9 | 156.28 | 156.2 157.1 | M=1 141.8 | 141.1 | 1404 | 1404 142.3
M,=0.9 1415 | 141 140.2 140.2 141.7 | M=0.9 128.8 | 127.3 | 126.6 | 126.7 128.1
M,=0.8 125.3 | 124.8 | 1244 124.4 126.4 | M,=0.8 113.4 | 1131 | 1124 | 1124 114.9
TABLE2 %THD FOR DIFFERENT MODULATION INDICES
Bipolar Trapezoidal Amalagated Rectangular Sin wave reference function
Reference
Modulation | PS PD POD APOD | VF Modulation | PS PD POD | APOD | VF
indices indices
M,=1 157 156.9 | 156.28 | 156.2 157.1 | M=1 141.8 | 141.1 | 1404 | 1404 142.3
M,=0.9 1415 | 141 140.2 140.2 141.7 | M,=0.9 128.8 | 127.3 | 126.6 | 126.7 128.1
M.=0.8 1253 | 1248 | 1244 124.4 126.4 | M,=0.8 1134 | 1131 | 1124 | 1124 114.9
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VI. CONCLUSION

It is observed from Table 1 the bipolar
trapezoidal rectangular reference function RMS
output voltage is more than the sin reference
function. It is observed from Table 2 the %THD
value is less in the moderate index one for bipolar
trapezoidal rectangular reference function compares
to sin reference function. So level shifting technique
provides higher DC bus utilization and phase shifting

provides lowest distortion for moderate index m,
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