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Abstract

Asymmetric three-phase cascading Trinary-DC source Multilevel Inverter which can achieve re-
duced harmonics and superior root mean square (RMS) values of the output voltage is proposed.
This topology can achieve cascaded full bridge inverter operation with dissimilar (unequal) DC
Source and it is fired by using variable frequency pulse with modulation technique as a switching
strategy. This pulse width modulation switching strategy has a newly adopted multicarrier single
reference technique. The performance parameter factors like Form Factor (FF), Crest Factor (CF),
Total Harmonic Distortion (THD) and fundamental RMS output voltage (Vrus) are estimated by
using proposed asymmetrical three-phase cascading multilevel inverter for several modulation
indices (0.8 - 1). The research study carries with MATLAB/SIMULINK based simulation and expe-
rimental results obtained using appropriate prototype (test board) to prove the viability of the
proposed concept.
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1. Introduction

Multilevel inverter has a strained incredible interest in high-power and medium voltage applications, because it
has several benefits: it has high-voltage and high-power output over the use of power semiconductor switching
devices without the use of a transformer. Whenever, the quantity of the output voltage level increases, the total
harmonic distortion of the output voltage and current waveform of a multilevel inverter will reduce. A new ap-
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proach for modulation of an 11-level cascade multilevel inverter using selective harmonics elimination tech-
nique is given in [1]. The authors [2] proposed topology of a digital control of a three-phase three-stage hybrid
multilevel inverter with 18-level output voltage containing minimum switching losses.

The design and implementation of a fresh type of multilevel inverters are given in [3] using cascading of a
two three-phase three-level inverters. The control of cascaded asymmetrical type of multilevel inverters using
one DC source on circuit is proposed [4]. Single-phase multilevel inverter operations with battery balancing op-
eration with reduced harmonic content presence in the output voltage are proposed by authors in [5]. Application
of multilevel inverter with direct drive wind turbine grid interfacing is also discussed in the literature [6]. The
three-stage 27-level inverter using “H” bridge [7] converter is analyzed for average and high-power machine
drive applications, and trinary type asymmetric 81-level multilevel inverter for STATCOM application [8]. In [9]
the authors’ present theoretical analysis of CM converters with increased voltage levels, by maintaining this
high quality voltage, regeneration in motor mode can be avoided.

A new asymmetrical type of cascaded multilevel inverter with series combinations of several inverter circuits
is proposed in [10]. A single-phase photovoltaic (PV) system integrating segmented energy storages (SES) using
cascaded multilevel inverter is given in [11]. The design of modular multilevel cascaded inverter based on
double-star bridge cells is proposed in [12] using experimental verification. A hybrid five level inverter topology
[13] with common-mode voltage elimination for induction motor drives is implemented. The proposed topology
in [14] is obtained by using cascading a five-level flying capacitor multilevel inverter with a flying “H”-bridge
power cell in each phase using a single DC source [14]. The design of inverted sine PWM technology for
asymmetrical cascaded multilevel inverter is used by the authors [15] to reduce the total harmonics distortion.

The design and implementation of cascaded multilevel inverter [16] is operating in current mode. The Neutral
Voltage Modulation technique for multilevel cascade inverters under unbalanced dc-link conditions has been
proposed in [17]. A novel single-phase five-level multilevel inverter proposed in [18] produces a five-level out-
put voltage with only one DC source using coupled inductors [18]. A new technology of an improved PWM to-
pology for chopper-cell-based modular multilevel converters is established in [19]. A latest converter configura-
tion based on cascaded converter family unit is offered [20]. The recommended multilevel highly developed
cascaded converter has settlement such as lessening in number of power semiconductor switches and its losses
[20]. A generalized power loss algorithm for multilevel neutral-point clamped pulse width modulation technique
is offered, which is appropriate to any level number of multilevel inverter [21]. A fifteen-level photovoltaic fed
cascade multilevel inverter for the removal of certain harmonic orders is urbanized for the power quality devel-
opment [22]. Fresh topologies for a cascade transformer sub-multilevel inverter with every sub-multilevel in-
verter consists of two DC voltage source with six power semiconductor switches to attain five-level output vol-
tage [23]. An asymmetrical cascaded half-bridge multilevel inverter for 3 hp fuel cell electric vehicle (FCEV)
with Direct Torque Control-Space Vector Modulation scheme (DTC-SVM) based electric drive (induction mo-
tor) has been implemented in [24].

This paper proposes an asymmetric three-phase cascading Trinary-DC source multilevel inverter. The sug-
gested topologies are gained by cascading a full bridge inverter with uneven DC source. These topologies have
several new patterns adopting the variable switching frequency. Multicarrier pulse width modulation techniques
are established and simulated for the preferred three phase asymmetric cascaded multilevel inverter. Finally, the
proposed asymmetric three-phase cascading multilevel inverter is demonstrated through experimental results
based on the research laboratory (test board) prototype model.

2. Proposed Trinary Multilevel Inverter

The three-phase multilevel inverter is being used for a large number of industrial applications due to their capa-
bility of high-power accompanying with lesser output harmonics and switching losses. Multilevel inverter has
grown into an active and applied resolution for increasing output power and decreasing total harmonics distor-
tion of AC load system.

The proposed Trinary cascaded multilevel inverter contains three single phase unit, which consists of two full
bridges with dissimilar voltage source. The first full bridge contains the DC source of 1 Vg4, and the second full
bridge contains the DC source 3 V¢ as presented in Figure 1. Each DC source is connected to a proposed three
phase inverter. Each inverter produces a three dissimilar output voltage levels, such as positive, zero and nega-
tive levels by different groupings of the four power semiconductor switches S1, S2, S3 and S4. Whenever the
switches, S1 and S4 is turned ON, then the output voltage is positive level (+Ve) and its shown in Figure 2;
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whenever the switches S2 and S3 is turned ON, then the output voltage is negative level (—Ve) and it is shown in
Figure 3; whenever either pair of switches (S1 and S2) or (S3 and S4) is turned ON, then the output voltage will
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Figure 3. Switching sequences to develop —4 V. at load.
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be at zero level (0) and its shown in Figure 4.

Then the output voltage of first bridge can be made equal to the —1 Vg, 0, and 1 Vg, correspondingly the
output voltage of second bridge can be made equal to the —3 Vg, 0, and 3 V. by turning ON and turning OFF
its switches appropriately. Consequently, the output voltage of the inverter values for =4 V4, =3 Vg, =2 Ve, —1
Vi 0, 4 Ve, 3 Ve, 2 Ve, 1 Vg, €an be planned, as represented in Figure 1 and Table 1. The lower inverter
(HB2) produces output voltage in three levels, and the upper inverter (HB1) produces stepped waves by adding
or subtracting one level from the fundamental output voltage wave. Thus, at the end the output voltage level be-
comes the summing of each terminal voltage of cascaded H bridges. The output voltage of the load is given in
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Figure 4. Switching sequences to develop 0 V. at load.

Table 1. Output voltage level and their switching sequence of proposed MLI.

Switching sequence of proposed MLI

Output Voltage
Level First Half Bridge (HB1) Second Half Bridge (HB2)

Vou s1 s2 s3 s4 s1 s2 s3 s4
4 Vg 1 0 0 1 1 0 0 1
3 Ve 0 1 0 1 1 0 0 1
2 Ve 0 1 1 0 1 0 0 1
1 Vg 1 0 0 1 0 1 0 1

0 0 1 0 1 0 1 0 0
-1 Ve 0 1 1 0 0 1 0 1
=2 Vg 1 0 0 1 0 1 1 0
-3 Ve 0 1 0 1 0 1 1 0
~4 Ve 0 1 1 0 0 1 1 0

1 = On state, 0 = Off state.
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Vour = Vg + Vo 1)

3. Variable Frequency Pulse Width Modulation Techniques

It is usually accepted that the presentation of any multilevel inverter, with any switching control tactic can be
correlated to the harmonic contents of its inverter output voltage. There a numerous control technique reported
in journalism for a cascaded asymmetric multilevel inverter. But the traditionally used modulation control me-
thod is the multicarrier Pulse width modulation techniqgue (MCPWM). In this research paper, changeable
switching frequency pulse width modulation technologies such as

1) Variable frequency in phase disposition pulse width modulation system (VFIPDPWM).

2) Variable frequency phase opposition disposition pulse width modulation system (VFPODPWM).

3) Variable frequency alternate phase opposition disposition pulse width modulating system (VFAPODPWM).

Which is projected which uses the predictable sinusoidal reference signal and the triangular carrier signals
with variable frequency. To put into action of an m-level inverter with (m — 1) triangular carrier are used. There
are eight separate triangular carriers with variable frequency and with the same magnitudes all carriers; for the
eight triangular carrier signals each pair which has a different frequency. The triangular carrier signal C1 and C8
have same frequency and C2 and C7 have another set of same frequency and C3 and C6 have another set of
same frequency and C4 and C5 have another set of same frequency. The firing pulses are produced when the
amplitude of the reference signal (modulating signal) is superior to that of the triangular carrier signal.

3.1. Variable Frequency in Phase Disposition Pulse Width Modulation System

The vertical offset of carriers for a nine level Trinary DC source multilevel inverter with variable frequency in
phase disposition pulse width modulation techniques are illustrated in Figure 5. In phase disposition pulse width
modulation technique (IPD), all carriers are in phase with each other (there is no Phase Difference in all eight
carriers) and it has same amplitude. In this system for an N level inverter, (N — 1) carriers with the unlike fre-
quency (2000 Hz and 1500 Hz) and equal amplitude are prearranged such that the bands they occupy are conti-
nuous.

3.2. Variable Frequency Phase Opposition Disposition Pulse Width Modulation System

The carriers for a nine level Trinary-DC source, multilevel inverter with variable frequency phase opposition
disposition pulse width modulation technique is illustrated in Figure 6. In this topology, all the carriers are di-
vided uniformly into two groups according to the positive (four carriers from 0 to 4)/negative (four carriers from
—4 to 0) standard levels. These two groups are opposite and 180 degrees out of phase width those below the zero
values. 180 degrees out of phase with each other while maintenance in phase within the group phase opposition
disposition pulse width modulation topology. In this system for an N level inverter, (N — 1) carriers with the un-
like frequency (2000 Hz and 1500 Hz) and equal amplitude are prearranged such that the bands they occupy are
continuous.
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Figure 5. Carrier and reference wave arrangement of a VFIPD PWM control (ma =
0.85 and mfl = 2000 Hz and mf2 = 1500 Hz).
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Figure 6. Carrier and reference wave arrangement of a VFPOD PWM control (ma = 0.85 and
mfl = 2000 Hz and mf2 = 1500 Hz).

3.3. Variable Frequency Alternate Phase Opposition Disposition PWM System

The carriers for a nine level Trinary DC source multilevel inverter with variable frequency alternate phase oppo-
sition disposition pulse width modulation techniques are illustrated in Figure 7. In this topology, the all carriers
are 180 degree alternate phase displace from each other. In this system for an N level inverter, (N — 1) carriers
with the unlike frequency (2000 Hz and 1500 Hz) and equal amplitude are prearranged such that the bands they
occupy are continuous.

4, Simulation Results

A three-phase asymmetric cascading Multilevel Inverter produces nine-level output voltage with a Trinary-in-
put DC Source. These three-phase nine level cascaded multilevel inverters with Trinary-DC Source are mod-
elled in MATLAB/SIMULINK using power systems block set is shown in Figure 8.

The proposed Trinary cascaded multilevel inverter contains three single phase unit with uneven voltage
Source. These each single phase unit has two full bridges. The first full bridge contains the DC source of 1 V
and the second full bridge contains the DC source of 3 V. as presented in Figure 1. Each DC source is con-
nected to a proposed three phase inverter. Each inverter produces a three dissimilar output voltage levels, Such
as positive, zero and negative levels by different groupings of the four switches S1, S2, S3 and S4. This circuit is
developed by using MATLAB/SIMULINK. Whenever the switches, S1 and S4 is turned ON, then the output
voltage is positive level (+Ve) and its shown in Figure 2; whenever the switches S2 and S3 is turned ON, then
the output voltage is negative level (—Ve) and its Shown in Figure 3; whenever either pair of switches (S1 and
S2) or (S3 and S4) is turned ON, then the output voltage will be at zero level (0) and its shown in Figure 4.

The Switching signals of a nine level Trinary multilevel inverter using bipolar pulse width modulation tech-
nology are simulated. Simulations are executed for various values of ma (0.8 - 1) and THD is measured using the
FFT blocks and their values are exposed in Table 2. Table 3 displays the percentage distortion factor of the in-
verter output. Table 4 and Table 5 display the consequent values of crest factor and form factor. Table 6 dis-
play the fundamental Vrys of inverter output voltage for similar values of modulation indices.

Figures 9-14 show the simulation output voltage and FFT plot of a nine level cascaded multilevel inverter
with Trinary DC source, and their appropriate harmonic order of a spectrum with bipolar pulse width modula-
tion technology. But only one sample of the modulation indices is shown.

For modulation indices (ma = 0.85) it is observed from the Figure 10, Figure 12 and Figure 14, the harmonic
energy level is governing in: Figure 10 represent the harmonic energy level in VFIPD PWM techniques show
40™ order of harmonic. Figure 12 represents the harmonic energy level in VFPOD PWM techniques shows 38"
40™ order of harmonic. Figure 14 represents the harmonic energy level in VFAPOD PWM techniques shows
29", 31%, 39" order of harmonic.

Simulations are performed for various values of m, ranges from 0.8 to 1 and the results are obtained by using
following parameter such as Vg = 25 V, 3 Vg = 75 V, load resistance is 100 Q, carrier frequency fg; is 2000 Hz,
carrier frequency fc, = 1500 Hz and modulation frequency f,, is 50 Hz. Table 2 represent the THD contrast of

()
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Figure 7. Carrier and reference wave arrangement of a VFAPOD PWM control
(ma = 0.85 and mfl = 2000 Hz and mf2 = 1500 Hz).
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Figure 8. Simulink model of trinary DC source three phase multilevel inverter.
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Figure 10. FFT plot for output voltages of variable frequency in phase
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Figure 11. Output voltages generated by variable frequency phase opposi-
tion disposition PWM control with sinusoidal reference.
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Table 2. % THD for different kind of modulation indices.

Sine reference

Ma VFIPD VFPOD VFAPOD
1 12.99 13.01 13.74
0.95 15.22 15.32 15.55
0.9 16.06 16.62 16.35
0.85 17.39 16.70 16.20
0.8 16.10 16.75 16.66
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Table 3. Distortion factor for different kind of modulation indices.

Ma VFIPD
1 0.000492
0.95 0.000459
0.9 0.000721
0.85 0.000596
0.8 0.000596

VFPOD
0.000881
0.00039
0.000536
0.000345
0.000345

VFAPOD
0.000736
0.000257
0.000515
0.000515
0.00079

Table 4. Crest factor for different kind of modulation indices.

Ma VFIPD
1 1.414227

0.95 1.41426
0.9 1.414232
0.85 1.414378
0.8 1.414177

VFPOD
1.413457
1.414141
1.414362
1.414259
1.422261

VFAPOD
1.413827
1.414322
1.414205
1.414309
1.777827

Table 5. Form factor for different kind of modulation indices.

Ma VFIPD
1 587.7805
0.95 1216.588
0.9 719.0783
0.85 193.7762
0.8 683.2126

VFPOD
1.14E+09
1735.052
960.7488
1525.471
2561.086

VFAPOD
1.13E+09
3028.404
11508.14
1795.638
318.9402

Table 6. Fundamental RMS voltage for different kind of modulation indices.

Ma VFIPD

1 70.71
0.95 67.18
0.9 63.60
0.85 60.69
0.8 56.57

VFPOD
70.83
67.32
63.64
60.71
56.66

VFAPOD
70.73
67.17
63.62
60.16
56.58

VFIPD, VFPOD and VFAPOD pulse width modulation techniques no more than one pulse modulation tech-
niques such as VFIPD (Variable Frequency in Phase Disposition) it hold minimum quantity of harmonic distor-
tion. Table 6 and Figure 16 represent the Vgus contrast of VFIPD, VFPOD and VFAPOD pulse width modula-
tion techniques no more than one pulse modulation techniques such as VFPOD (Variable Frequency Phase Op-
position Disposition) it hold maximum quantity of fundamental RMS output voltage.

Figure 15 shows THD level of VFIPD, VFPOD and VFAPOD pulse width modulation techniques and it
shows no more than one pulse modulation techniques such as VFIPD (variable frequency in phase disposition) it
hold minimum quantity of harmonic distortion. Figure 16 shows the Vgrys value of VFIPD, VFPOD and
VFAPOD pulse width modulation techniques and it shows no more than one pulse modulation techniques such
as VFPOD (Variable Frequency Phase Opposition Disposition) it hold maximum quantity of fundamental RMS

output voltage.

G2
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5. Hardware Test Board and Results

Experimental prototype model (test board) of a proposed three phase asymmetric cascading Multilevel Inverter
topologies with a Trinary-DC source is implemented by using PIC Microcontroller. The PIC Microcontroller is
a choice of hardware implementation due to its ability to generate accurate results at a higher computational
speed. A nine-level three phase inverter experiments have been fabricated to implement the suggested variable
frequency PWM techniques. Gate signal is created by comparing sinusoidal pulse width modulation topologies
with triangular carrier arrangement. Experimentally the research authenticates the proposed a three phase
asymmetric cascading Multilevel Inverter topologies with a Trinary-DC source produce a nine level output vol-
tage its shown in Figure 18 and Figure 19. A prototype model of (only one phase from three phases) nine level
Trinary-DC source cascaded multilevel inverter and it is developed by using IGBTs as a switching devices is
shown in Figure 17.

6. Conclusion

Asymmetric three-phase cascading Trinary-DC source multilevel inverter with variable frequency pulse width
modulation techniques has been developed. The topology has been established that the VFIPD PWM strategy of
sinusoidal reference with triangular carrier offers lesser value of total harmonic distortion compared with other
PWM technique. VFPOD strategy of sinusoidal reference with triangular carrier offers higher value of funda-
mental RMS (Vrums) output voltage compared with other PWM technique. Finally, the simulation and research
laboratory tests (prototype model) are achieved to show the strength of the proposed asymmetrical three-phase
cascading Trinary-DC source multilevel inverter. In future the three-phase asymmetric cascading multilevel
inverter test is implemented with the help of three-phase Permanent Magnet Synchronous motor drive using
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Figure 17. Prototype model of nine level single phase cas-
caded trinary multilevel inverter by using multicarrier PWM
techniques.

Figure 18. Output voltage waveforms of nine-level single
phase cascaded trinary multilevel inverter by using multicar-
rier PWM techniques.

DS0-xX 20024, MY52438338: Sat Apr 04 16:13:15 2015
1 50.0v/ 2 : £ 1 \f

Agilen

Acquisition

Channels
10.0:1
10.0:1

to file = e
4D Format File Name Settings Press to
BMP [B-bit) ~P- ~ Save
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predictable speed and torque control.



G. [rusapparajan, D. Periyaazhagar

References

(1]

[2]
(3]
(4]

(5]
(6]

[7]

(8]
[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

Filho, F., Maia, H.Z., Mateus, T.H.A., Ozpineci, B., Tolbert, L.M. and Pinto, J.O.P. (2013) Adaptive Selective Har-
monic Minimization Based on ANNs for Cascade Multilevel Inverters With Varying DC Source. IEEE Transactions
on Industrial Electronics, 60, 1955-1962. http://dx.doi.org/10.1109/TIE.2012.2224072

Mekhilef, S., Kadir, M.N.A. and Salam, Z. (2013) Digital Control of Three Phase Three-Stage Hybrid Multilevel In-
verter. IEEE Transactions on Industrial Informatics, 9, 719-727. http://dx.doi.org/10.1109/T11.2012.2223669

Corzine, K.A., Wielebski, M.W. and Peng, F.Z. (2004) Control of Cascaded Multilevel Inverters. IEEE Transaction on
Power Electronic, 19, 732-738. http://dx.doi.org/10.1109/TPEL.2004.826495

Dixon, J., Pereda, J., Castillo, C. and Bosch, S. (2010) Asymmetrical Multilevel Inverter for Traction Drives Using
Only One DC Supply. IEEE Transactions on Vehicular Technology, 59, 3736-3743.
http://dx.doi.org/10.1109/TVT.2010.2057268

Young, C. and Chu, N. (2013) A Single-Phase Multilevel Inverter with Battery Balancing. IEEE Transactions on In-
dustrial Electronics, 60, 1972-1978. http://dx.doi.org/10.1109/TI1E.2012.2207656

Parker, M.A., Ran, L. and Finney, S.J. (2013) Distributed Control of a Fault-Tolerant Modular Multilevel Inverters for
Direct Drive Wind Turbine Grid Interfacing. IEEE Transactions on Industrial Electronics, 60, 509-522.
http://dx.doi.org/10.1109/TIE.2012.2186774

Rotella, M., Pefiailillo, G., Pereda, J., Dixon, J. and Abstract, A. (2009) PWM Method to Eliminate Power Source in a
Nonredundant 27-Level Inverter for Machine Drive Applications. IEEE Transactions on Industrial Electronics, 56,
194-201. http://dx.doi.org/10.1109/TIE.2008.927233

Lin, Y. and Luo, F.L. (2008) Trinary Hybrid 81-Level Multilevel Inverter for Motor Drive with Zero Common-Mode
Voltage. IEEE Transactions on Industrial Electronics, 55, 1014-1021. http://dx.doi.org/10.1109/TIE.2007.909072

Pereda, J. and Dixon, J. (2013) Cascaded Multilevel Converters: Optimal Asymmetries and Floating Capacitor Control.
IEEE Transactions on Industrial Electronics, 60, 4784-4793. http://dx.doi.org/10.1109/TIE.2012.2219834

Johnson Uthayakumar, R., Natarajan, S.P. and Bensraj, R. (2012) A Carrier Overlapping PWM Technique for Seven
Level Asymmetrical Multilevel Inverter with Various References. IOSR Journal of Engineering, 2, 1301-1307.
http://dx.doi.org/10.9790/3021-026113011307

Liu, L.M., Li, H., Wu, Z.C. and Zhou, Y. (2011) A Cascaded Photovoltaic System Integrating Segmented Energy Sto-
rages with Self-Regulating Power Allocation Control and Wide Range Reactive Power Compensation. IEEE Transac-
tions on Power Electronics, 26, 3545-3559. http://dx.doi.org/10.1109/TPEL.2011.2168544

Thitichaiworakorn, N., Hagiwara, M. and Akagi, H. (2014) Experimental Verification of a Modular Multilevel Cas-
cade Inverter Based on Double Star Bridge Cell. IEEE Transactions on Industry Applications, 50, 509-519.
http://dx.doi.org/10.1109/T1A.2013.2269896

Rajeevan, P. and Gopakumar, K. (2012) A Hybrid Five-Level Inverter with Common-Mode Voltage Elimination Hav-
ing Single Voltage Source for IM Drive Applications. IEEE Transactions on Industrial Electronics, 27, 3505-3512.
http://dx.doi.org/10.1109/tia.2012.2226197

Roshankumar, P., Rajeevan, P.P., Mathew, K., Gopakumar, K., Leon, J.I. and Franquelo, L.G. (2012) A Five-Level
Inverter Topology with Single-DC Supply by Cascading a Flying Capacitor Inverter and an H-Bridge. IEEE Transac-
tion on Power Electronic, 27, 3505-3512. http://dx.doi.org/10.1109/TPEL.2012.2185714

Seyezhai, R. and Mathur, B.L. (2009) Performance Evaluation of Inverted Sine PWM Technique for an Asymmetric
Cascaded Multilevel Inverter. Journal of Theoretical and Applied Information Technology (JATIT), 9, 91-98.

Gautam, S. and Gupta, R. (2014) Switching Frequency Derivation for the Cascaded Multilevel Inverter Operating in
Current Control Mode Using Multiband Hysteresis Modulation. IEEE Transaction on Power Electronic, 29, 1480-
1489. http://dx.doi.org/10.1109/TPEL.2013.2262807

Cho, Y., Labella, T., Lai, J. and Senesky, M.K. (2014) A Carrier-Based Neutral VVoltage Modulation Strategy for Mul-
tilevel Cascaded Inverters Under Unbalanced DC Source. IEEE Transactions on Industrial Electronics, 61, 625-636.
http://dx.doi.org/10.1109/T1E.2013.2254091

Li, Z.,, Wang, P., Li, Y. and Gao, F. (2012) A Novel Single-Phase Five-Level Inverter with Coupled Inductors. IEEE
Transaction on Power Electronic, 27, 2716-2725.

Li, Z., Wang, P., Zhu, H., Chu, Z. and Li, Y. (2012) An Improved Pulse Width Modulation Method for Chop-
per-Cell-Based Modular Multilevel Converters. IEEE Transactions on Power Electronics, 27, 3472-3481.

Ajami, A, Reza, M., Oskuee, J. and Mokhberdoran, A. (2014) Advanced Cascade Multilevel Converter with Reduc-

tion in Number of Components. Journal of Electrical Engineering and Technology, 9, 127-135.
http://dx.doi.org/10.5370/JEET.2014.9.1.127

Alemi, P. and Lee, D. (2014) A Generalized Loss Analysis Algorithm of Power Semiconductor Devices in Multilevel



http://dx.doi.org/10.1109/TIE.2012.2224072
http://dx.doi.org/10.1109/TII.2012.2223669
http://dx.doi.org/10.1109/TPEL.2004.826495
http://dx.doi.org/10.1109/TVT.2010.2057268
http://dx.doi.org/10.1109/TIE.2012.2207656
http://dx.doi.org/10.1109/TIE.2012.2186774
http://dx.doi.org/10.1109/TIE.2008.927233
http://dx.doi.org/10.1109/TIE.2007.909072
http://dx.doi.org/10.1109/TIE.2012.2219834
http://dx.doi.org/10.9790/3021-026113011307
http://dx.doi.org/10.1109/TPEL.2011.2168544
http://dx.doi.org/10.1109/TIA.2013.2269896
http://dx.doi.org/10.1109/tia.2012.2226197
http://dx.doi.org/10.1109/TPEL.2012.2185714
http://dx.doi.org/10.1109/TPEL.2013.2262807
http://dx.doi.org/10.1109/TIE.2013.2254091
http://dx.doi.org/10.5370/JEET.2014.9.1.127

G. Irusapparajan, D. Periyaazhagar

[22]

[23]

[24]

NPC Inverters. Journal of Electrical Engineering and Technology, 9, 2168-2180.
http://dx.doi.org/10.5370/JEET.2014.9.6.2168

Alexander, S.A. and Thathan, M. (2015) Optimal Harmonic Stepped Waveform Technique for Solar Fed Cascaded
Multilevel Inverter. Journal of Electrical Engineering and Technology, 10, 261-270.
http://dx.doi.org/10.5370/JEET.2015.10.1.261

Banaei, M.R. and Salary, E. (2013) A New Family of Cascaded Transformer Six Switches Sub-Multilevel Inverter
with Several Advantages. Journal of Electrical Engineering and Technology, 8, 1078-1085.
http://dx.doi.org/10.5370/JEET.2013.8.5.1078

Gholinezhad, J. and Noroozian, R. (2013) Analysis of Cascaded H-Bridge Multilevel Inverter in DTC-SVM Induction
Motor Drive for FCEV. Journal of Electrical Engineering and Technology, 8, 304-315.
http://dx.doi.org/10.5370/JEET.2013.8.2.304



http://dx.doi.org/10.5370/JEET.2014.9.6.2168
http://dx.doi.org/10.5370/JEET.2015.10.1.261
http://dx.doi.org/10.5370/JEET.2013.8.5.1078
http://dx.doi.org/10.5370/JEET.2013.8.2.304

	Asymmetric Three-Phase Cascading Trinary-DC Source Multilevel Inverter Topologies for Variable Frequency PWM
	Abstract
	Keywords
	1. Introduction
	2. Proposed Trinary Multilevel Inverter 
	3. Variable Frequency Pulse Width Modulation Techniques 
	3.1. Variable Frequency in Phase Disposition Pulse Width Modulation System
	3.2. Variable Frequency Phase Opposition Disposition Pulse Width Modulation System 
	3.3. Variable Frequency Alternate Phase Opposition Disposition PWM System

	4. Simulation Results 
	5. Hardware Test Board and Results 
	6. Conclusion 
	References

