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ABSTRACT

The root mean square (RMS) and totol harmonic distortion (THD) percentage of voltage and current
generated by the inverter greatly determines the power quality of the inverter. This paper recount to
analysis theorical and investigate the effect of different conduction modes on the power quality of a three-
phase voltage source inverter. The design and employment of an Arduino based on the gate pulse
generation technique to fire three-phase voltage source inverter’s various conduction modes is also
discussed. The firing of angles comprising of 120°, 180°, and 150° in conduction modes are comprised. The
studies of various waveforms output voltage generated from various conduction modes, RMS voltage at
fundamental frequencies, THD percentage are also included in this paper. Matlab/Simulink software has
been employed in order to validate the proven of the theories. Moreover, this work, then verified through an
experimental prototype setup based on Arduino implementation. Finally, the results of simulation are good

argument with the experimental results.
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1. INTRODUCTION

Recently, inverters have been employed on
many applications, such as household, industry,
military, = renewable  energy, transportation,
aerospace and so on. Inverters are utilized to
convert DC power from sources like solar panels,
batteries, or fuel cells to AC power at desired
voltage and frequency. In industrial applications,
inverters have been engaged widely as Flexible AC
Transmission System (FACTS) devices,
Uninterruptible Power Supplies (UPS), Variable
Frequency Drives (VFD), High Voltage Direct
Current transmission system, Active Power Filters
etc [1-4]. The inverter conversion can be
accomplished either by controlled turn-on and turn-
off power switches (e.g. BJTs, MOSFETs, IGBTs,
and GTOs) or by forced commutated thyristors,
rely on applications [5-11].

Generally, there were two types of inverter
topology based on voltage and current source
concept, named as Voltage Source Inverter (VSI)
and Current Source Inverter (CSI). Voltage
waveform is the independently controlled AC

output in the VSI topologies. Meanwhile, in CSI
topologies, the independently controlled AC output
is a current waveform.

Based on output voltage phases, the inverter
topology can be single-phase and three-phase
inverter respectively. The single-phase inverter is
commonly employed to low power applications.
Meanwhile the three-phase inverter is applied to
high power applications.

The output voltage of an inverter has a periodic
waveform which is not purely sinusoidal, but with
number of techniques it can be designed to closely
approximate to this desired waveform. The output
voltage waveforms can be sinusoidal wave, square-
wave and quasi-wave. The sinusoidal waveform is
an ideal voltage waveform of inverter.
Nevertheless, a filter is needed for generating
sinusoidal waveform. The sinusoidal signal
reference in fundamental frequency is modulated in
high frequency carrier. The sinusoidal waveform
inverter is common operated to electric drives
application. The square-wave and quasi-wave
inverter can be employed to low and medium-
power applications.
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The triggering signals in an inverter are required
to generate output voltage waveform. The
frequency of triggering signal for power switching
inverter can be low and high respectively. The
sinusoidal waveform inverter is engaged to high
frequency switching through sinusoidal pulse width
modulation technique. The low frequency
switching technique is employed to square-wave
and quasi-wave inverter.

Many researchers have been conveyed
concerning to employment of three-phase inverter
for low frequency switching. The inverters can be
conducted in 120°, 150° and 180° for fundamental
frequency. Design and implementation of Arduino
based three-phase Inverter for 120° conduction
mode has been reported [12], some aspects on
three-phase inverter for 180° conduction mode has
been explained [13], simulation three-phase
inverter for only 120° and 180° conduction modes
[14, 15] , simulation and experiment with low-cost
processor ATMega8535 for only 120° and 180°
conduction modes has been conducted [16],

dynamic  Voltage Restorer adopting 150°
Conduction Angle VSI has been applied [17],
Simulation three-phase VSI by 150 degree

conduction has been reported [18], experimental
circuit with Arduino circuit for 150° conduction
mode has been applied [19], experimental circuit
with PIC16F72 circuit from Microchip for 150°
conduction mode has been applied [20], with
PIC16F877A microcontroller has been done by [21,
22], simulation three-phase inverter for 120°, 150°
and 180° conduction mode has been done by[23-
28] , design and implementation of a three-phase
inverter operated with different conduction modes
using ATMega microcontroller has been conducted
by [29, 30]. Theoretical analysis of waveforms and
odd harmonics of the voltage generated by a three-
phase inverter with Fourier series representation is
not yet available in the literature that discusses
clearly and in detail.

This paper describes some theoretical, analytical
and empirical issues of three-phase six switches
quasi-square wave inverter for various conduction
modes, namely 120°, 150° and 180° conduction
modes. Fourier series approach is employed to
analyse the waveform and determine the magnitude
of the harmonics generated from the various
conduction modes applied to the three-phase
inverter. The inverter was designed, fabricated, and
tested by considering load as a resistive. The
algorithmic rules of all firing angles for power
switching are enclosed in a low-cost processor
Adruino Uno 328.

2. STRUCTURE OF TOPOLOGY

In the all industrial application variable
frequency & voltage require for different
application. Three-phase six-switch bridge inverter
is more popular than any other inverter topology. A
three-phase inverter may be viewed as three single-
phase inverters and the output of each single phase
is shifted by 120° with respect to each other. A
Three phase inverter can be constructed by
combining three single phase half bridge inverters
as shown in Figure 1, where S; S, S3, S4, Ss and S
are the power switches and A, B, and C are phase
sequence respectively. It consists of six power
switches with six associated with freewheeling
diodes. The switches are opened and closed
periodically in the proper sequence to produce the
desired output waveform. The output from this
inverter is to be fed to a three-phase balanced
resistor load. The switching signals for each
inverter leg are displaced by 120° with respect to
the adjacent legs. The output line-line voltages are
determined by the potential differences between the
output terminals of each leg.

There are three conduction modes of gating
power switches for three-phase inverter. They are
180°, 150° and 120° conduction modes. Six-step
operation is needed to generate waveform in one
cycle for 180° and 120° conduction modes.
Meanwhile, 150° conduction mode requires twelve-
step operation for one cycle output voltage
waveform.
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Figure 1: The Three-phase Inverter Topology

2.1 180° Conduction Mode

In this case, each switch is turned ON for 180°.
Power switches S1 and S4, which belong to the left-
most inverter leg, produces the output voltage for
phase A. The switching signals for S; and S, are
complementary, as are for S3 and Sg or Ss and S,.
The switching signals for switches S3 and Se,
(which are for phase B, belonging to the middle
leg), are delayed by 120° from those for S; and Su
respectively, for the A4-B-C phase sequence.
Similarly, for the same phase sequence, the
switching signals for switches Ss and S, are delayed
from the switching signals for S; and S¢ by 120°.
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The phase terminal voltages at 4, B and C are
determined by the states of the switches connected
at each pole. Note that with 180° conduction mode,
each pole voltage can have only two values, namely
+(1/2) Vpc or -(1/2) Vpe

In 180° conduction modes of the operation,
three are six-state operation modes, each state is
operated during 60°. There are three power switches
that conduct at each-step operation. Operation of
switches in 180° conduction modes is shown in
Table 1.

The line-line voltages, Vi, Vpc and Vey are
determined from the switching states at the poles
and the DC source voltage, (Vpc). Thus, when
switches S and S; are ON, V5= 0V, when S; and S
¢ are ON, Vyp = + Vpc, and so on. The line-line
voltages Vip, Vsc and Vcy are therefore quasi-
square waveforms of 120° of ON and 60° of OFF
durations.

Line-neutral voltages are determined from the
switching states and the neutral point voltage of the
load which can be found by assuming that the load
consists of a balanced three-phase resistor bank.
For instance, if Si, S3 and S, are ON, the potential
of the neutral point of the load is + (2/3)Vpc and
therefore Vyv and Vay will each be at potentials
+(1/3)Vpc  while Vey will be at -(2/3)Vpc.
Similarly, when S4, S> and S3 are ON, the potential
of the neutral point will be + (1/3)Vpc. As a result,
the potential Vpy will become +(2/3)Vpc and Vyy
and Vew will each be at (1/3)Vpc

The line-line output voltages are obtained by
subtracting two square-wave waveforms which are
120° displaced from each other. Each of these
waveforms would consist of harmonics orders 1, 3,
5,7,9, ... and so on. Because of the 120° phase
shift between the waveforms, the triplen harmonics
(of order which are multiples of 3) of both will of
the same phase and hence these cancel in the
process of subtraction. Consequently, the triplen
order harmonic voltages are eliminated from the
line—line voltage. The remaining harmonics are at n
= 6r + lwhere r is any positive integer, the n”
harmonic having an amplitude 1/n times the
fundamental component.

The line-line quasi-square output voltage
waveform of Figure 2 has amplitude Vpc and
duration & = 120°,

Fourier series representation of this waveform is

— ® 4Vpc . n_6
Viei = Zn=1,3,5,.. —%sin ( . ) cos nwyt (1)
2V3 1
Vi =—Vnc [cos(wot) + Ecos(Swot) +
%cos(7(u0t) + ﬁcos(llwot) + ] )
2V3 . 2v3 .
Vicig = TVDC s Vs = ?VD69
2V3 . 23 ., .
Vieyz === Voe 5 Vi = 7 Voes 3)

Ve

(e =1 e e G0 e 0]
' ' I
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Figure 2: The Line-line Voltage Waveform of 180°
Conduction Mode

The RMS value of the fundamental and higher
order output voltages are : Thus the fundamental
RMS output, V;_,; = 0.78Vp. The line-neutral
voltage waveform for this inverter is as shown in
Figure 3. Fourier series representation of this
waveform is given by

’_‘__ @3)Wpe
| : - (1B3Vpe —r
| |
60" 1 60° 1 60°
_(1B3)Vpe
\—L- (—2/3)VDC

Figure 3: The Line-neutral Voltage Waveform of 180’
Conduction Mode

Table 1: Operation of Switches in 180° Conduction Modes.

. Switching state Output Voltage
Statel Duration
Si| Sa| S3| Sa| Ss| Se | Vav Voe Vea Van Von Ven
1 /3 1 0 0 0 1 1 Vbe -Vpe 0 1/3Vpc -2/3Vbc 1/3Vbc
2 /3 1 1 0 0 0 1 Vbe 0 -Vbe 2/3Vbc -1/3Vbc -1/3Vbc
3 /3 1 1 1 0 0 0 0 Vbe -Vpe 1/3Vbc 1/3Vpc -2/3Vbc
4 /3 0 1 1 1 0 0 -Vbe Vbe 0 -1/3Vbc 2/3Vbc -1/3Vbc
5 /3 0 0 1 1 1 0 -Vbe 0 Vbe -2/3Vbc 1/3Vpc 1/3Vbc
6 /3 0 0 0 1 1 1 0 -Vbe Vbe -1/3Vpc| -1/3Vpc 2/3Vpc
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*© 4Vpc . né
V_ =Z —=sin|—) cosnw,t 4
o n=135. "7 (2) ° @ Vicig = 3_VDC; Viys = iVDC ;
S5 T
© WVpe . (nm Vi, = ;VDC Ve = EVDC" (12)
Vi_p = [ sin (—) +
n=13,5,. 3nm 2
4pe oin (n 7T/3)] cos nwot (5) Thus the fundamental RMS output, V,_;; =
3nm 2 0.69Vp
Vi_, = %VDC [cos(cu0 t)+ %cos(Sw0 t)+ | (Ve
%cos(7(u0 t)+ ﬁcos(ll(uot) + ] (6)
a ( a_qanl
i i e =t % A0 ey
Vieng = - Voe i Viens = ;VDC; (-l/"2)VD( """
2 2
Vien7 = ;VDC Vienar = EVDC; (7 Figure 5: The Line-neutral Voltage Waveform of 120°
Conduction Mode
RMS values of the fundamental and higher order o .
terms of the line-neutral voltage are: The line-line quasi-square output voltage

V2
T VDC (8)

Vl—n,l ~

2.2 120° Conduction Mode

In this conduction mode each switch conducts
for 120°-time period or 271/3 radians. At any instant
of time, two switches will conduct simultaneously.
After every 60° or n/3 radians, one of the
conducting switches is turned off and some other
switch will start conducting. There is a delay of /3
between turning on and turning off of switches of
same leg. So there is no possibility of short circuit.
Operation of switches in 120° conduction modes is
shown in Table 2.

The line-line voltage waveform for this inverter
is as shown in Figure 4. Fourier series
representation of this waveform is given by

Ve
(12)Vpe —r

60° 160" 1 60"
“12Vpe
Ve
Figure 4: The Line-line Voltage Waveform of 120"
Conduction Mode
© 4Vpc . né
V,_ =Z —sm(—)cosnw t 9
1-1 - . 0 )
Vi = Z [‘Wisin (ﬂ) +
n=13,5,. 2nm 2
2n¢ gin (w)] cos nwyt (10)
2nm 2

Vi = %VDC [cos(wot) + %cos(Swot) +

%COS(7w0t) + ﬁcos(ll(uot) + ] (11)

waveform of Figure 5 has amplitude (1/2)Vpc and
duration 8 = 120°. Fourier series representation of
this waveform is given by

_ © 4Vpc . n_5
Vien = Zn=1,3,5,.. —==sin ( - ) cosnwyt  (13)
Viip = gVDC [cos(wot) + %cos(Swot) +
%COS(7w0t) + ﬁcos(ll(uot) + ] (14)

The amplitude value of the fundamental and higher
order output line-neutral voltages are thus,

V3 V3
Vl—n,l = 7VDC; Vl—n,S = ;VDC 5
V3 V3
Vl—n,7 = ;VDC > Vl—n,ll = EVDC"" (15)

Therefore RMS value of output line-neutral
voltage is V;_,; = 0.40V).

The amplitude value of the fundamental and higher
order output line-neutral voltages are thus,

V3 V3

Vl—n,l = 7VDC; Vl—n,S = ;VDC 5
V3 V3
Vl—n,7 = ;VDC > Vl—n,ll = EVDC"" (15)

Therefore RMS value of output line-neutral
voltage is V;_, ; = 0.40V).

2346



Journal of Theoretical and Applied Information Technology

15% April 2022. Vol.100. No 7

© 2022 Little Lion Scientific

ISSN: 1992-8645

WWww.jatit.org

E-ISSN: 1817-3195

Table 2: Operation of Switches In 120° Conduction Modes.

. Switching state Output Voltage
State | time
S1 1 S2 [ S3 | Sa | Ss | Se Vav Voe Vea Van Von Ven
1 /3 1 0 0 0 0 1 Vbe -12Vpbc| -12Vpc| 12Vbc | -1/2Vbc 0
2 /3 1 1 0 0 0 0 1/2Vbc 1/2Vbc -Vbe 1/2Vbc 0 -1/2Vp
3 /3 0 1 1 0 0 0 -1/2Vpc Vbe -1/2Vbc 0 1/2Vpc| -1/2Vp
4 /3 0 0 1 1 0 0 -Vbe 1/2Vbc 12Vpc | -1/2Vpc| 1/2Vpc 0
5 /3 0 0 0 1 1 0 -12Vbc | -1/2Vpc Vbe -1/2Vbc 0 1/2Vbq
6 /3 0 0 0 0 1 1 1/2Vbc -Vbe 1/2Vbc 0 -1/2Vbc| 2/2Vpd
243 243
2.3 150° Conduction Mode Viena = 5 Voe & Viens =~ Ve
For 150° conduction mode, each power
switches conducts for 150° of a cycle. For V,_,,= % Voe s Vin11 = % Voes (18)

completing one cycle of the output ac voltage
unlike 180° mode & 120° mode inverter, 150° has
twelve steps with each of 30° durations. The
switching patterns are presented per cycle with each
pattern duration is 30°. These transistors conduct in
one interval, while only two transistors conduct in
the next one, as in 180° and 120° conduction modes

respectively. Operation of switches in 150°
conduction modes is shown in Table 3.
The line-line quasi-square output voltage

waveform of Figure 6 has amplitude Vpc and
duration & = 150°.

[ N L
wlal w Tt

(1Dnc

Figure 6: The Line-line Voltage Waveform of 150°
Conduction Mode

Fourier series representation of this waveform is

_ © 4Vpc . n_5
Vier = Zn=1,3,5,.._"" sin ( . ) cos nwyt (16)
_ ® 4Vpc . n5m/6
Vl_l B Zn=1,3,5,.. [ 2nm Sln( 2 ) +
4Vpe . /4
S sin (*5)] cos magt (16)
2V3 1
Vio = TVDC [cos(wot) + Ecos(Swot) +
%COS(7w0t) + ﬁcos(ll(uot) + ] (17)

The value of the fundamental and higher order
output voltages are:

Thus the fundamental RMS output,
Vi1 = 0.78V)¢

The line-neutral voltage waveform for this inverter
is as shown in Figure 7. Fourier series
representation of this waveform is given by

Figure 7: The Line-neutral Voltage Waveform of 150’
Conduction Mode

— ® Wi . n_6
Vien = Zn=1,3,5,.. —%sin ( - ) cos nwyt (19)
— ® Wi . nm
Vl—n - Zn=1,3,5,.. [ 3nm Sln( 2 ) +
4Vpc . /3
Ssin(“52)] cosnaot (20)
2 1
Viep = ;VDC [cos(wot) + Ecos(Swot) +
%COS(7w0t) + ﬁcos(ll(uot) + ] 1)
2 2
Vl—n,1 = ;VDC 5 Vl—n,S = ;VDC;
2 2
Vien7 = Vb s Vienan = 72 Ves (22)

RMS values of the fundamental and higher order
terms of the line-neutral voltage are:

V2
Vipa = - Vbe (23)

Table 3. Switching States for 150° Conduction Mode
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. Switching state Output Voltage
State | time
St | S2{Ss|Se|Ss5]| S| Vav Ve Vea Van Von Ven
1 w6 | 1 |0 |0 |0]0]O0 0 Vbe -Vpe 1/3Vpc | 1/3Vpc -2/3Vpc
2 /6 | 1 1 00| 0|0 |-12Vpc Vbe -1/2Vbc 0 1/2Vbc -1/2Vbc
3 /6 | 1 1 1L {000 -Vpe Vbe 0 -1/3Vbc| 2/3Vpc -1/3Vpc
4 w6 | 1 1 1 1 10| 0| - 1/2Vpc| 1/2Vbc -1/2Voc| 1/2Vbc 0
5 /6 | 1 1 1 1 1|0 -Vpe 0 Vbe -2/3Vpc| 1/3Vpc 1/3Vbc
6 w6 | 0| 1 1 1 1 1 |-122Vbc | -1/2Vbc Vb -1/2Vpc 0 1/2Vpc
7 w6 | 0| 0| 1 1 1 1 0 -Vbe Vbe -1/3Vpc| -1/3Vpc| 2/3Vbpc
8 w6 | 0|0 |0 |1 1 1 | 1/2Vbc Ve 1/2Vpe 0 -1/2Voc| 1/2Vbc
9 w6 | 0| 0|0 |O0]1 1 Vbe -Vbc 0 1/3Vpc | -2/3Vpc| 1/3Vbc
10 w6 | 0|0 |0 |0]O0 1 Vbe -1/2Vpc| -1/2Vbc 1/2Vpc | -1/2Vpc 0
11 w6 | 0| 0|0 |0]0]O0 Vbe 0 -Vbc 2/3Vpc | -1/3Vpc| -1/3Vpc
12 w6 | 000|000 ]|12Vpc 1/2Vbc -Vbc 1/2Vpc 0 -1/2Vbc

2.4. Arduino Uno and Inverter Circuits
In this proposed scheme, the conduction mode

algorithmes for generating output waveform is
embedded in a low processor Arduino Uno board.
The Arduino Uno is a microcontroller board
depending on the ATmega328. It includes 14
digital input/output pins (out of which 6 can be
exploited as PWM outputs), 6 analog inputs, a 16
MHz crystal oscillator, a USB connection, a power
jack, an ICSP header and the last one is a reset
button. It includes the most necessary things which
are essential to support the microcontroller;

Algorithms for
1809, 1509, 120°
conduction modes

basically attach it to a computer with a USB cable
or power it with an AC-to-DC adapter or battery to
get started.

The six-signals is produced by microcontroller
is fed to gate drive circuits. The gate drive circuits
is employed to isolate power switching circuit of
inverter ~ with  controlling  circuit  from
microcontroller and also to boost input signal from
5V be 15V. The IGBT power switches is be trigger
with £15V. The inverter is connected to gate drive
circuits. This illustration can be shown in Figure 8.

6 gate drive

circuits

3-phase six
switches
inverter

Figure 8: The Proposed Schema of Three-phase Inverter
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3. SIMULATION AND EXPERIMENT

RESULT

In order to prove the efficacy of the inverter
designed, the simulation and experimental
environment was tested to see performance of the
inverter. The output voltage from the inverter and
THD were observed, the proposed scheme was
tested in different conduction modes. The proposed
scheme inverter was simulated and tested at the
frequency of 50 Hz wusing Simulink/Matlab
software. The input DC voltage of the inverter used
was 100V, the power switches of six-G4PH50UD
were used meanwhile a three-phase of 100Q2
resistor was used as a load.

The performance of the inverter was measured
using PINTEK DP-25 (a high voltage differential
probe), GWINSTEK GDS-2074A (4-channel digital
oscilloscope) and KYORISU (three-phase power
quality analyser). The configuration of a three-
phase inverter for simulation and experimental
setup can be shown in Figure 9.

Pulse
Geneeratar

[ ]

@ o E]

VAB VBC VCA

a

B
By, dill
@ H e
= 4 E

1 powergui

VAN VBN VCN

(a)

3.1. The Conduction Mode 180°

Figure 10 to Figure 14 which are left side of the
results of simulation meanwhile the experimental
results can be observed on the right side. All the
results of simulation and experiments were
conducted in mode conduction in 180°. The gating
signal in the cases of the switches of S, S; and S3
can be illustrated in Fig. 10 meanwhile the gating
signal of the switches of Ss4, Ss and Se¢ can be
observed in Figure 11. By the way each power
switch is turned-on in every = radian.
Consequently, the phase output of voltage (Vi)
contains four DC level voltages meanwhile the line
output of the voltage (Vi) is only has three level
DC voltage, as presented in Figure 12 and Figure
13, respectively. In this conduction mode, the
generated harmonic distortion of line-line or line-
neutral output voltage achieve roughly 30%, while
RMS line-line output voltage reach 80V and line-
neutral output voltage in fundamental frequency is
63V as shown in Figure 14.

: , Power supply
F AR

L2 Resistor load g

Power switches [

(b)

Figure 9: The Configuration Three-phase Inverter (a) Simulation, (b) Experiment Set-up
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Figure 10: The Switching Signal of S, S3, S5 (a) Simulation, (b) Experiment for the Conduction Mode 180°
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Figure 11: The Switching Signal of S2, Ss, Ss (a) Simulation, (b) Experiment for the Conduction Mode 180"
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Figure 12: The Output Voltage Waveform (Vi) (a) Simulation, (b) Experiment for the Conduction Mode 180"
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Figure 13: The Output Voltage Waveform (Vi) (a) Simulation, (b) Experiment for the Conduction Mode 180°
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Figure 14: The FFT Analysis on Vi (a) Simulation, (b) Experiment for the Conduction Mode 180°

3.2. 120-degree Conduction Mode

Figure-15 shows the experiment result of the
gating signals S;, S> and S; for 120° conduction
mode meanwhile the gating signals S4, Ss and S¢
are shown in Figure-16. In those figures, two power
switches are ON every m/3 radian. Each power
switches conducts every (2/3) n. In this conduction
mode, the phase voltage output (V:.,) generates the
3 voltage levels and the maximum level Vpc used
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reaches 50% of Vp.. Meanwhile, the line voltage
outputs (V..;) generate 4 voltage levels and the used
level maximum Vpc archives 100% of Vp.. Those
are shown in Figure 17 and Figure 18, respectively.
The FFT analysis on V.., with Simulink/Matlab and
experimental results indicate the same values. The
harmonic distortion of output voltage for 120°
conduction mode reach 31% as shown in Figure 19.
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Figure 15: The Switching Signal of S, Sz, S3 (a) Simulation, (b) Experiment for the Conduction Mode 120°
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Figure 19: The FFT Analysis on Vi (a) Simulation, (b) Experiment for the Conduction Mode 120°

3.3. 150-degree Conduction Mode

In this conduction mode, each switch is conduct
for 150°, means its duty cycle is 41.67%. The 12
switching patterns with 30° durations are formed in
this mode. The switching pattern Si, Sa, Sz, S4, Ss
and Se for this conduction mode is shown in Figure
20 and Figure 21 respectively. The 150° conduction
mode has more levels than 120° and 180°
conduction modes and also the output voltage
waveforms are symmetrical and contain zero as one
level so it will reduce the harmonics. In Figure 22,
the output phase voltage (V.,) develops to be 7
levels, 12 steps waveform. Meanwhile, the line
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(a)

voltage (V7.;) becomes 5 levels are shown in Figure
23. As output voltage waveform approaches
sinusoidal waveform, therefore THD of this
conduction mode is reduced. It is achieved 16.8%
as shown in Figure 24.

The output voltage waveform can be improved
by using the 150° conduction mode, which is closer
to a sinusoidal waveform. In 150° conduction
mode, the RMS output voltage is almost identical to
that in 180° conduction mode.
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Figure 20: The Switching Signal of S, Sz, S3 (a) Simulation, (b) Experiment for the Conduction Mode 150°
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Figure 22: The Output Voltage Waveform (Vi) (a) Simulation, (b) Experiment for the Conduction Mode 150°
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Figure 23: The Output Voltage Waveform (Vi) (a) Simulation, (b) Experiment for the Conduction Mode 150°
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Figure 24: The FFT Analysis on Vi (a) Simulation, (b) Experiment for the Conduction Mode 150°

4. CONCLUSION

This paper presented a detail analysis the
various conduction modes of three-phase inverter
namely 180°, 120°, and 150°. A low cost
microcontroller board such as Arduino Uno has
been employed to generate pulse for six-switch
three-phase voltage source inverter in various
conduction modes. Low switching frequency
program algorithms with 120° 150° and 180°
conduction mode were embedded in the
microcontroller target board. The features to
evaluate different modes are described, criteria for
selecting distinct various modes are presented, and
simulation and experiment results demonstrate the
analyses reliability.
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