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Abstract—The multilevel inverters performing power
conversion in multiple voltage steps to achieve better power
quality, lower switching losses, higher electromagnetic
compatibility, and superior voltage capability. Multilevel
Inverter (MLI) provides high power capability, with low output
harmonics and low commutation losses. In industries they are
widely applicable in large number of applications. This paper
proposed a new multilevel inverter structure with low output
harmonics. In this paper the number of switching device is less as
compare to the conventional multilevel inverter. It consists of an
H-bridge inverter which produces multilevel output voltage by
switching DC voltage sources in series and parallel. This topology
produces a significant reduction in the number of power devices.
This advance topology generates large number of voltage levels
with the minimum number of switches. The proposed topology
also reduces the total harmonic distortion (THD) of its output
waveform. This paper also represent circuit configuration,
theoretical operation and MATLAB based simulation results.

Keywords— Multilevel inverter, Switched series parallel, H-
bridge, PWM

l. INTRODUCTION

Power electronic converters, mainly DC/AC PWM
inverters have been dispersion their range of use in industry
because they provide reduced energy consumption, better
system efficiency, enhanced quality of product, better
maintenance, and so on.

For a medium voltage grid, it is troublesome to connect
only one power semiconductor switches directly [1, 2, 3]. As a
result, a multilevel power converter structure has been
introduced as an alternative in high power and medium
voltage situations such as pumps, conveyors, laminators,
compressors, mills, fans, blowers, and so on. As a cost
effective resolution, multilevel converter not only achieve
high power ratings, but also permit the use of low power
application in renewable energy sources such as wind, fuel
cells, and photovoltaic which can be simply interfaced to a
multilevel converter system for a high power application.

The most common initial application of multilevel
converters has been in traction, both in locomotives and track-
side static converters [4]. More recent applications have been
for power system converters for VAR compensation and
stability enhancement [5], active filtering [6], high-voltage
motor drive [3], high-voltage dc transmission [7], and most
recently for medium voltage induction motor variable speed
drives [8]. Many multilevel converter applications focus on
industrial medium-voltage motor drives [3, 9], utility interface
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for renewable energy systems [10], flexible AC transmission
system (FACTS) [11], and traction drive systems [12]. The
inverters in such application areas as stated above should be
able to handle high voltage and large power. For this reason,
two-level high-voltage and large-power inverters have been
designed with series connection of switching power devices
such as gate-turn-off thyristors (GTOs), integrated gate
commutated transistors (IGCTs), and integrated gate bipolar
transistors (IGBTSs), because the series connection allows
reaching much higher voltages. However, the series
connection of switching power devices has big problems [13],
namely, non equal distribution of applied device voltage
across series-connected devices that may make the applied
voltage of individual devices much higher than blocking
voltage of the devices during transient and steady-state
switching operation of devices.

As alternatives to effectively solve the above-mentioned
problems, several circuit topologies of multilevel inverter and
converter have been researched and utilized. The output
voltage of the multilevel inverter has many levels synthesized
from several DC voltage sources. The quality of the output
voltage is improved as the number of voltage levels increases,
so the quantity of output filters can be decreased.

Some kinds of series and/or parallel connections are
necessary to defeat the problems of the limited voltage and
current ratings of power semiconductors devices. In recent
year, the multilevel inverters have received much more
interest from the researcher in literature knowledge due to
their ability to synthesize waveforms with an enhanced
harmonic spectrum and to achieve higher voltages [14].

MLI are extensively used in many industrial applications
such as static Var compensators, drive System and ac power
supplies etc. Multilevel inverters have very important
development for high power medium voltage AC drives. Fairly a
lot of topologies have establish industrial approval; Diode
clamped (DCMLI), Flying capacitors (FCMLI) and Cascade H-
bridge (CHB) cells with separated DC source, numerous control
and modulation strategies have been developed Pulse Width
Modulation (PWM), Space Vector PWM, Selective harmonic
eliminations and Sinusoidal PWM etc. One of the significant
advantages of multilevel configuration is the harmonics reduction
in the output waveform without increasing switching frequency or
decreasing the inverter power output [15, 16]. Multilevel inverters
are used to drive many electrical machines such as Hybrid
Electric Vehicles (HEVs) and Electric Vehicles (EVs) [17].
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voltage, their switching frequency is limited. In this state, the
output waveform of inverter is distorted and one of the main Vi
disadvantages is the great number of power semi-conductor Sal
switches needed. In a multilevel inverter low voltage rate
switches can be utilized and each switch requires a related
gate driver circuits. Due to this reason the overall system to be T
more costly and complex. So, in practical execution, vo =2 — Sb1
minimizing the number of switches and gate driver circuits is
very important.

This paper suggest a new topology for comparative analysis
of a reduced multilevel inverter using different modulation Va—, T )
technique with a high number of steps allied with a low number
of switches and gate driver circuits for switches. In addition, for
producing all levels (odd and even) at the output voltage, three ~¢ .
techniques for obtained dc voltage and THD calculation are (b)
proposed. Finally, the paper includes simulation result to prove
the probability of the proposed multilevel inverter [18]. A

On the other hand, when inverter switches maintain high _L_,_.
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Vo=t s T Sonst Fig.2. Current flow of the proposed 19-level inverter by series conversion, (a)
T V1 connected via the switch Spq, (b) V1 and V5 are connected in series, (c)

V1, Vo and V3 are connected in series [23].
Fig.1.Structure of the proposed (4n+3)-levels inverter
Il.  THE PROPOSED TOPOLOGY

Power circuit topology of the proposed multilevel inverter
vi |, is shown in Fig.1. As shown in this figure, inverter is

T constructed from two parts. Part one is an H-bridge inverter
with DC voltage source equal to V¢ and part two is an inverter
with DC voltage sources equal to Vi (k = 1, 2,..., n) . DC
voltage sources Vo ~V, are independent each other, and it is

Sal ]
T . %ﬂs assumed that Vo: Vk=1:2 (k= 1, 2,..., n). Switches Sa1 ~ San—1
: Sb1

Vo and Sp1 ~ Spn-1 are the switches which switch the DC voltage

sources in series. The proposed inverter is driven by the hybrid

| modulation method [19]. Fig. 2 shows the series conversion of

% the DC voltage sources of the proposed 19-level (n = 4)
Sb2

Vs == inverter. When the switch Sb1 becomes ON, the current flows
T in the switch Spq,50 the input of lower H-bridge is connect the
‘ voltage sourceV1 (Fig. 2(a)).

P As a result, the voltage VAB between the point A and the

(@) point B becomes VAB = V1 (Fig. 2(a)). On the other hand,
when the switches Sal and Sb2 become ON and the other
switches become OFF, the current flows in switches Saland
Sb2 , which connect the voltage sources V1 and V2 in series
and VAB = V1 +V2 (Fig. 2(b)). Finally, when the switches
Sal and Sa2 become ON and other switches become OFF, the
current flow in switches Sal and Sa2 , which connect the
voltage sources V1~V3 in series and VAB = V1(Fig. 2(c)).
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Using this series conversion of DC voltage sources, the lower REfe’e”“TS‘g"ﬁ' A%Fgﬂ‘e“ig”ﬂ' Carrer Signa
H-bridge outputs Vbus2 in (2n +1)-level, while the upper H- !
bridge outputs VO =Vbusl. The proposed multilevel inverter DO ?-';4
outputs (4n + 3) level by Vbusl + Vbus2 or Vbus2 — Vbusl. \A,fx,f“w |
In other conventional inverters such as CHB, DCMLI and l : 7WN\;WW ,»‘ WVWN\?W\/VWW\?WV\TNWW\/
FCMLI, a similar scheme can be used [20]. The proposed b A
multilevel inverter requires the less number of switching 3 0'0
devices than CHB, DCMLI and FCMLI. When the proposed = v\
inverter is applied to some application without reverse power %
flow, switches Sb1~Sbn—1 can be replaced by diodes. L A -|‘ A
For example, when a resistive load is connected to the e P A
output of the proposed inverter, the output current is accorded 0000 /VW\/WW\*AMV\’V\MW\”W W\/\/V: ‘ " ]WV ,
with the voltage phase. When the ratio of the voltages of the } I } I : : A/ |‘ ] ."' } WV
sources Vg :Vi= 1:3 is assumed, the proposed inverter requires 1 0002 0004 0.006 0008 001 ooz 0014 0016 0018 002
12 devices for 19- level. When an inductive load is connected, Time(Sec)
the output current lags behind the output voltage. The Fig.4. Associated waveforms for control and modulation of the proposed
proposed multilevel inverter requires the less number of inverter through APOD for n=4.
switching devices than the DCMLI, FCMLI and CHB [21].
Therefore, a state is achieved when the direction of the current Reference S/ignal Aggrggated Signal Carrier Signal
becomes reverse to the power sources. ! T 3 2
AAA ﬂ“ TR m/\(vw\,y\/wm\ AAAAAAAA \’W\’\
I1l.  MODULATION TECHNIQUES WA AAANAR 1 | v ““'“ Y
: : : AV AV MAN@WM\&WAWL\AM\MA
In this section, the modulation method of the proposed IV INVVVARANAN AR WVWY:WW‘ AAAAAA
inverter is explained for the 19-level inverter. Fig. 3 shows the 5 AAANEANANRANIARAN AEARANAARARANANARRANAA NS
modulation method of the proposed 19-level inverter. R VYV 'V\V”“'”“\P A
Multilevel converters are mainly controlled with sinusoidal 3 NANNAAN VAVVVVIRVN AR
PWM extended to multiple carrier arrangements of two types: T AN WWWWW A\ ,,WWNW\,W
Level Shifted (LS-PWM), which includes Phase Opposition ANAAAAAAAAAARAAMAAAAAN “\‘“f AANARNANARMARANA
Disposition (POD-PWM), Phase Disposition (PD-PWM), and 'W”VWWWWV‘WWWJT VJW SR ANAAARATAYY: AT
Alternative Phase Opposition Disposition (APOD-PWM) or AP INAAAANARRAAAAN,
they can be Phase Shifted (PS-PWM) [22]. | | W\WWW o

109 0.002 0.004 0006 0008 001 0012 0.014 0.016 0018 0.02
Time(Sec)
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/2‘ ﬁ Fig.5. Associated waveforms for control and modulation of the proposed

1 :
AV |/ W i Iaandl |\ AN A A \/\ul AN inverter through PD for n=4.
T G PAMAVMAAAAA IV. SIMULATION RESULT
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Fig.3. Associated waveforms for control and modulation of the Y Y Y
proposed inverter through POD for n=4. Time(Sec)

Fig.6. output voltage waveform Vout for 19-level
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Fig.9. FFT analysis for output voltage waveforms Vout 19-level
through PD techniques

TABLE I. COMPARISON OF THE CALCULATED THD

Modulation POD PWM PD PWM APOD PWM
Index % THD % THD % THD
1.1 6.23 6.58 6.56
1.0 7.21 6.75 6.71
0.90 7.67 6.97 6.91
V. CONCLUSION

A Comparative Analysis of a reduced multilevel inverter
Using Different Modulation Technique has been proposed in this
paper. The most important feature of this system is suitable for
increasing and getting higher number of output level with less
number of switches. The result of this method is to decrease the
number of switches, losses, cost and also size. The multilevel
inverter generates nearly sinusoidal output voltage with very low
harmonic content with the help of this proposed topology. So the
output waveform of inverter is enhanced than the conventional
multilevel inverter from THD approach.

ACKNOWLEDGMENT

The authors sincerely acknowledge the Director, MITS,
Gwalior, India to carry out this work.

REFERENCES
[1] J. S. Lai and F. Z. Peng, “Multilevel converters — A new breed of power
converters,” IEEE Trans. Ind. Applicat., Vol. 32, pp. 1098-1107,
May/June 1996.

[2] J. Rodriguez, J.-S. Lai, and F. Z. Peng, "Multilevel inverters: a survey of
topologies, controls, and applications," IEEE Trans. Ind. Electron., Vol.
49, pp. 724-738, 2002.

Rustamii Institute of Technoloav 114|Paae



International Journal of Engineering Research and Applications (IJERA) ISSN: 2248-9622
International Conference On Emerging Trends in Mechanical and Electrical Engineering
(ICETMEE- 13th-14th March 2014)

3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

L. M. Tolbert, F. Z. Peng, and T. G. Habetler, "Multilevel converters for
large electric drives,"” IEEE Trans. Ind. Applicat., Vol. 35, pp. 36-44,
1999.

H. Stemmler. Power electronics in electric traction applications. IEEE
conference of Industrial Electronics, Control and Instrumentation,
IECON"93, 2:7 07 — 713, 1993.

H. Fujita, S. Tominaga, and H. Akagi. Analysis and design of an
advanced static VAR compensator using quad-series voltage-source
inverters. IEEE Industry Apps Meeting, 3 pp.2565-2572, 1995.

Y. Yoshioka, S. Konishi, N. Eguchi, M. Yamamoto, K. Endo, K.
Maruyama, and K. Hino. Self-commutated static flicker compensator for
arc furnaces. In IEEE Applied Power Electronics Conference, Vol 2, pp.
891-897, 1996.

L. Gyugyi, "Power electronics in electric utilities: static var
compensators.," Proc. IEEE, Vol. 76, pp. 3, 1987.

Peter W. Hammond. A new approach to enhance power quality for
medium voltage AC drives. IEEE Trans. Industry Applications,Vol. 33,
pp.202-208, Jan. 1997.

M. F. Escalante, J. C. Vannier, and A. Arzande “Flying Capacitor
Multilevel Inverters and DTC Motor Drive Applications,” IEEE
Transactions on Industry Electronics, Vol. 49, no. 4, pp. 809-815, Aug.
2002

L. M. Tolbert, F. Z. Peng, “Multilevel Converters as a Utility Interface
for Renewable Energy Systems,” in Proceedings of 2000 IEEE Power
Engineering Society Summer Meeting, pp. 1271-1274.

L. M. Tolbert, F. Z. Peng, T. G. Habetler, “A Multilevel Converter-
Based Universal Power Conditioner,” IEEE Transactions on Industry
Applications, vol. 36, no. 2, Mar./Apr. 2000 pp.596-603.

L. M. Tolbert, F. Z. Peng, T. G. Habetler, “Multilevel Inverters for
Electric Vehicle Applications,” IEEE Workshop on Power Electronics in
Transportation, Oct 22-23, 1998, Dearborn, Michigan, pp. 1424-1431.

In-Dong Kim, Eui-Cheol Nho, Heung-Geun Kim, , and Jong Sun Kao,.
,»A Generalized Undeland Snubber for Flying Capacitor Multilevel
Inverter and Converter*.IEEE transactions on industrial electronics, vol.
51, no. 6, Dec. 2004.

Wang F. Motor shaft voltages and bearing currents and their reduction in
multilevel medium-voltage PWM  voltage-source-inverter  drive
applications. |IEEE Trans. Ind. Appl.Vol. 36, pp. 1336-1341.

Chen S, Lipo TA. Bearing currents and shaft voltages of an induction
motor under hardand soft-switching inverter excitation. IEEE Trans. Ind.
Appl. 1998; 34(5): 1042-1048. Tolbert LM, Peng FZ, Habetler TG.
Multilevel converters for large electric drives. IEEE Trans. Ind. Appl.
Vol. 35, pp. 36-44, 1999.

M. Vilathgamuwa, A. A. D. Ranjith Pcrcra and S . S. Choi,
“Performance improvement of the dynamic voltage restorer with closed-

loop load voltage and current-mode control”,IEEE Transactions on
Power Electronics, Vol. 17, pp. 824-834, Sept. 2002

L. M. Tolbert, F. Z. Peng, T. Cunnyngham, J. N. Chiasson, “Charge
balance control schemes for cascade multilevel converter in hybrid
electric vehicles,” IEEE Trans. Ind. Electron., Vol. 49, No. 5, pp. 1058-
1064, 2002.

Venkatesh Inti, Sri v.v.n.Murthy, “Modelling and Simulation of
Multilevel Inverter Using Switched Series/Parallel DC Voltage
Sources,” IJAIR, pp. 2278-7844, 2012.

H. Liu, L. M. Tolbert, S. Khomfoi, B. Ozpineci, and Z. Du, “Hybrid
cascaded multilevel inverter with PWM control method,” in Proc. IEEE
Power Electron. Spec. Conf, pp. 162-166, Jun. 2008.

0. C. Mak, A. loinovici, “Switched-capacitor inverter with high power
density and enhanced regulation capability,” IEEE Trans. Circuits and
Systems, TCAS-1, vol. 45, pp. 336-348, 1998.

J. Zhang, Y. Zou, X. Zhang, and K. Ding, —Study on a modified
multilevel cascade inverter with hybrid modulation, in Proc. IEEE
Power Electron. Drive Syst., Oct. 2001, pp. 379-383.

Mauricio Angulo, Pablo Lezana, Samir kouro, Jose Rodriguez and wu
“level shifted for cascaded multilevel inverters with even power
distribution” IEEE transactions 2007.

Mohsen Ebadpour, Seyed Hossein Hosseini, Mohammad Bagher Bannae
Sharifian, “A new structure of single phase multilevel inverter with

reduced number of switches and low output harmonics,” 26th
International Power System Conference, Iran, pp. 1-7, 310ct- 02 Nov
2011.

Rustamii Institute of Technoloav 115|Paae



