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ABSTRACT

This paper presents Simulation based analysis of
150° conduction mode and SPWM technique for three phase
voltage source inverters. Better conduction mode is consisting
more levels of output voltage. Different simulations results of
conduction mode and SPWM using PSIM 6.0 software is
analysts. Methods are compared on the basis of humber of
switches, number of levels of voltage and total harmonic
distortion.
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l. INTRODUCTION

Three phase VSI are more common in industrial
applications. An inverter is an electrical device that
converts direct current (dc) to alternating current (ac); the
converted ac can be at any required voltage and frequency
with the use of appropriate transformers, switching, and
control circuits.

The main objective is to minimize the total
harmonics distortion of generated output waveform of three
phase voltage source inverter. Different theories have been
innovated to achieve these requirements. These converters
have many demerits like large size, more complicated
circuits, more numbers of components are required, more
weight, and higher cost.

This paper presents comparative analysis of
different conduction modes three phase voltage source
inverter. In inverter, a step is defined as a change in the
firing from one switch to next switch in proper sequence.
For one cycle of 360°, each step would be of 60° interval for
a six-step inverter. Traditionally, three phase voltage source
inverter uses 1200, 1800 and 1500 conduction modes. 1500
conduction mode is generated by using combinations of

1200 and 1800 modes. 1500 conduction mode produces
seven levels of voltage instead of five levels. It is generated
by simple design, less complexity without additional
charges. It should be noticed that, THD is reduced. Also
output voltage increases with the conduction periods of
switches increases.

In three phase SPWM inverter for generate gate
pulses by comparing two signals in which one is reference
signal or modulating signal and other is carrier signal. Sine
wave is used as reference wave and triangular wave is used
as carrier signal. The comparator output is high when the
magnitude of sine wave is greater than that of triangular
wave. The modulation index is defined for SPWM inverter,
the ratio of peak amplitude of reference signal to peak
amplitude of the carrier signal. The output voltage of
inverter is increased with increased modulation index. By
using SPWM technique lower order harmonics are
eliminated.

This paper presents comparative results of gate
pulses, line voltages and FFT waveforms. Table | gives the
comparative analysis of 1500 mode and 2-Level SPWM
technique.

1. COMPARISON OF CONDUCTION
MODES

Block diagram of three phase voltage source
inverter system is shown in Fig. 1. DC supply as an input of
three phase inverter. The AC output of three phase inverter
is given to filter. After filtered output given to three phase
loads. In control circuit different controllers are used. In
driver circuit different driver ICs are used. Both required
additional DC supply.
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Figure 1: Block diagram of three phase VSI
For better comparison of three conduction modes,

the results are achieved from software package PSIM 6.0.
Fig.2 shows the simulated circuit model in PSIM 6.0.
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Figure2: Simulated model of three phase VSI

A. Gate pulses

Gate pulse of 150° conduction mode in the first
topic in comparative analysis. Gate pulses of each switch
for three different conduction mode is shown in Fig.3.
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Figure 3: Gate pulses of six switches for 150° mode
conduction

In 150° conduction mode a 30° dead time is
available as a safety margin, which is more enough to avoid
short circuit on dc bus. Also, utilization and switching
device operation is better.

B. Line voltages

Line voltages of 150° conduction mode is the second
topic in comparative analysis. Line voltage of each line for
150° conduction mode is shown in Fig.4 In 150° mode
consists of five levels 0, £Vdc, +Vdc/2.
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Figure 4: Line voltages waveform for 150° mode
conduction

C. FFT analysis of line voltages
For 150° conduction mode, the line-to-line voltages are
expressed in Fourier series as,
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FFT of line voltages waveform for three different
conduction modes are as shown in Fig.5.

314 This work is licensed under Creative Commons Attribution 4.0 International License.



International Journal of Engineering and Management Research

e-ISSN: 2250-0758 | p-ISSN: 2394-6962
Volume-12, Issue-6 (December 2022)

https://ijemr.net https://doi.org/10.31033/ijemr.12.6.42
00, B. Gate Pulses
- s11
000 ¢ - L
20000 |- + 0.00 o 1 1 1 1
00,00 [ - S1g2
0k : : L B A | U O | 0 | O S
Vbe 0.00 1 ]
600.00 S1g3 B N N B )
] s S S S | | | e e | e e e
300.00 | = s
BO.0D |- + e | 1 ‘ | | | R
T i e P 0 O B
0.00 . : 1.00 198 T T T T
a0 | e
BO0.0 |-+ 1051 )
200,00 |- 0.00 0.10 0.20 0.30 0.40 0.50 080
L A i Time (ms)
0.00 . . . .
oo ot ”“F - (MHZJ”B 0% ot Figure 6: (B) Gate pulses of six switches for 2-Level
it SPWM
c .
©) C. Line Voltages
Figure 5: FFT of line voltages waveform 150° mode .
conduction

1.  SPWM TECHNIQUE

In this modulation technique two signals are used.
(1) Carrier signal, Triangular wave is used as carrier signal.
The triangular wave frequency is desired as per the
frequency of switching frequency. The frequency is
increases; the switching frequency of inverter increased. (2)
Reference signal, sine wave is used as reference signal. The
frequency of output voltage is depending on the frequency
of reference signal. By used appropriate passive filter
reduced total harmonic distortion in sinusoidal pulse width
modulation technique.
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Figure 6: Simulated Model of SPWM 2-Level Inverter

A. Gate pulse generation circuit
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Figure 6: (A) Gate pulse generation circuit
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Figure 6: (C) Line voltages waveform for 2-Level SPWM
D. FFT analysis of line voltages
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Figure 6: (D) FFT of line voltages waveform for 2-Level
SPWM

Simulation diagram for SPWM based three phase
voltage source inverters in Fig.6; the pulse development
circuit for all six IGBT switches of an inverter with proper
dead band is shown in Fig.6 (A). Fig.6 (B) shows gate
pulses of all six switches, Fig.6 (C) shows line voltages of
three phase VSI, Fig.6 (D) shows its FFT analysis graph.
On the basis of all results the comparative table shown in
Table I.

From this all-analysis Table | is prepared with
different comparison points between 150° conduction mode
and 2-Level SPWM.
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Topic 150 2-Level SPWM Wiley, YEAR 2006
[7] Niravkumar D. Patel, Tejas H. Panchal, Maulik J.
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SPWM Technique for Three Phase VSI”, Indus
university, Ahmedabad — 382 481, 30-31st
January, 2015.

150° conduction mode is best suitable scheme [11]
compare to other two conduction modes for three phase
voltage source inverters. A comparative study of all three
conduction modes, from Table I ,150° conduction mode has [12]
a greater number of levels in output line voltages, number
of steps per cycle is more, step size is reduced and less total
harmonic distortion compare to other two conduction
modes. From Table I, 2-Level SPWM has reduced filter
size. 2-Level SPWM required dead band.
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