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Abstract— Multilevel inverter (voltage source converter) is
emerging as a new methodology of power electronics converter;
provide options for medium and high-power voltages. Multi
level inverter produce typically the staircase voltage wave, from
several dc voltage source, this DC voltage source received form
different renewal energy source as solar cell, fuel cell etc. one of
the major limitations is higher the complexity due to gate driver
circuit. This paper presents and analysis of different basic multi
level inverter topology used currently as 1) diode-clamp, 2)
cascaded- hybrid multi level inverters (CHB MLI), and 3)
flying- capacitors (FC-MLI). This paper is also present different
type of switching scheme used in multi level topology such as
Sinusoidal pulse width of modulation scheme.

Index Terms— Multilevel inverters, MLI, hybrid topologies,
asymmetric and symmetric voltage source configuration, CHB,
THD, phase shift pulse width modulation, PWM, sinusoidal
pulse width modulation, phase opposition disposition.

. INTRODUCTION

In the beginning there was available only two level of
inverter that has two level voltages i.e. +V and -V, these two
level of voltage switched from Pulse width modulation
technique and this methodology create effective harmonics
distortion, EMI and dv/dt stress [1-3]. The main problem is
present higher ratio of Total harmonics distortion (THD) in
wave form, and another problem it is hard to connect directly
power electronics switch to high voltage and medium voltage
grids (2.3, 3.3, 4.16, or 6.9 kV)[6]. Solution of all these
problems, the new multi level inverter methodology was
invented, multi level inverter working with higher number of
voltage levels, as a result the multi-level inverter output
voltages have reduced harmonic distortions profile and
smooth sinusoidal wave form and power electronics switch
working with different voltages stress[9 11].

Multilevel inverters have received more attention in industrial
application such as static VAR compensators,

renewable energy systems and motor driver etc[16]. A
number of multilevel inverter topologies have been invented
during the last few decades, major multi-level inverter
topologies are cascaded H-bridges multi-level inverter
(CHB-MLI) with separate dc sources, diode clamped multi
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Fig. 1. single phase of an inverter with (a) two levels, (b) three levels,
and(c)nlevels.

Il. DIODE-CLAMP MULTILEVEL CONVERTER

Multi level inverter includes number of ideal power switch:
capacitor and flying diode are connected to get higher number
of stepped waveform; the term introduced multilevel starts
with the three-level inverter [4]. By increasing the number of
voltage levels in the inverter, the output voltages have more
steps producing as a staircase waveform, which has a reduced
total harmonic distortion and dv/dt stress. However, a high
number of levels create the control complexity and introduces
voltage imbalance problems.

level inverter (DC-MLI), and flying capacitors multi-level
inverter (FC-MLI)[2 3].
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In this circuit, the dc-bus voltage is split into five levels by
four series-connected bulk capacitors and middle point of the
four capacitors can be defined as the neutral point. The output
voltage has five voltage level: Vy/2, V44, 0, - Vy/2 and
-V4/4. Voltage level Vy/2 Switch S; S, S; Sy need to be
turned ON and for - VV/2 voltage switch S, S;" S, Ss- need
to be turned ON. The voltage across each capacitor is Vq/4
and each device voltage stress will be limited to one capacitor
voltage level V4/4 through clamping diodes[3 4].
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Fig. 2. Diode-clamped multilevel inverter circuit topologies of Five-level.

To explain how the staircase voltage is synthesized, the point
(neutral) "n" is considered as the output phase voltage
reference point. There are some switch combinations to
synthesize five level voltages across a and n. which explain
shown below in table

Table.1: Switch states for five level capacitor clamped inverter, “1” means
turned ON and “0” means turn OFF switches

Outputvoltage | S; | S, | Ss | Sa | Si | S, | S5 | Sa
Vo2 11|11l o]ofo0o]oO
Vo4 o111 1]o0o]o0]o0O

0 olofl1|1][1]1|o0]oO
V2 olojof1[1]1]1]o0
-Vol4 ololoflo|1|1]1]1

2.1. Advantages

1. When the numbers of voltage levels are high enough,
total harmonic content will be low enough to avoid
the use of filters.

2. Working efficiency is high because all working
devices are switched at the fundamental switching

frequency.

3. Reactive power flow can be controlled by this
technique.

4. The control method is simple for a back-to-back
system.

2.2. Disadvantages

1. Higher numbers of clamping diodes are required
when the numbers of levels are high.

2. It's difficult to do real power flow control.

1. FLYING-CAPACITOR MULTILEVEL CONVERTER

The voltage synthesis in a five-level capacitor-clamped
converter has more flexibility and efficient than the
diode-clamped converter as shown in figure 3. The voltage of
a five-level phase-leg output with respect to the neutral point
n, five level voltages can be synthesized by the following
voltages combinations: Vy/2, Vy/4, 0, - Vg2, -V /4, For
voltage level V4./2 switches need to turned ON as S; S, S5
S,and - Vg2 voltage switch for S; S, S; S, need to be
turned ON.
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Fig.3. Capacitor-clamped
Five-level.
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multilevel inverter circuit topologies of

Shown in figure 3 using fundamental building block of
capacitor clamp, the circuit has been called the flying
capacitor inverter. The inverter in shown in figure produce
five voltage levels.

Table.2: Switch stats for five level capacitor clamped inverter, “1”” means
turned ON and “0” means turn OFF switches

Outputvoltage | S; | S; | Ss | Sa | St | S | Ss | S
Vo2 1]1]1]1|lo0of]o0o]o]oO
Vo4 1]1]1]ofl1]oflo]o

0 1l1]oflo|1][1]o0]o0O
Vg2 1lofoflo|1][1]1]o0
-Vl4 ojloflofofl1]1]1]1

The capacitors with positive signs (+v) are in discharging
mode, while those with negative sign (-v) are in charging
mode. By Suitable selection of capacitor combinations, it is
possible to balance the capacitor charge. Similarly in case of
diode clamping, the capacitor clamping requires a large
number of bulk capacitors to clamp the voltage. Noted that the
voltage rating of each and every capacitor used is the same as
that of the main power electronics switch [11-13].

3.1. Advantages:

1. Large number of storage capacitors provides extra
ride through capabilities during power outage.

2. Provides switch combination redundancy for
balancing different voltage levels.

3. When the numbers of levels are higher, total harmonic
content will be low enough to avoid the use for
filters.

4. Both reactive and real power flow can be controlled,
making a possible voltage source converter
candidate for high voltage dc transmission.

3.2. Disadvantage:

1. Higher number of storage capacitors required when
the number of converter voltage levels are high.
Higher voltage level systems are more difficult to
package and much expensive with the required bulky
capacitors.

2. The multi-inverter control will be very complicated
and the switching frequency and switching losses
will be high for real power transmission.
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IV. CASCADED MULTI LEVEL CONVERTER

Multilevel Inyerter Control
Schemes

1

Cascaded hybrid multi inverters with separate dc voltage
source efficient to use in comparison to the other two
topology as there is no need of capacitors and diodes for
clamping and there are used different asymmetric voltage

Fundamental Switching

source from renewal energy source as fuel cell, solar cell wind Frequency High Siching Frequency
energy etc[16 17]. Higher number of voltage level can be

achieved by adding inverter cell, produces smooth sinusoidal i : i
wave and lower THD ratio. SV L R A

One of disadvantage is higher number of power electronics
switches due to use of higher number of power switch _ _ _
controlling complexity increases[3]. Fig. 5. Different PWM Techniques

Multi level inverter methods use high frequency carrier waves
Table.3: Switch stats for five level capacitor clamped inverter, “1” means in comparison to reference wave that produce switch gate
turned on and “0” means turn off switches pulses and this modulation technique is help to reduce total

Outputvoltage | S; | S, | Sz | S4 | S5 | Se | S7 | Ss harmonics profile[10]
V2 1 1 0 0 1 1 0 0 . ) .
Vold TT1 T ololol 11 o There are some different PWM techniques as
_VO 7 é (1) (1) (1) é 2 2 (1) 1. Phase disposition (PD)
Vd°/4 TT1ToToTolo 11 2. Phase opposite Disposition (POD)
e 3. Alternation Phase Disposition (APOD)
4. Phase shift (PS)
This technique shown in figure

+
i

11 = ~J

Vac/4 = Voue CE*

: | Y gal
Valb=Voue =
o WUTTE THTCUREULLLL LA
Fig. 4. Cascaded Hybrid multi-level-inverters with separate dc source.
4.1. Advantages: Fig. 6. PWM carrier tri.angulaur and reference sinusoidal wave and pulses.

1. Required least number of components among all
multilevel converters to get the same number of
voltage levels. |

2. There is no need of clamping diodes and voltage ‘ )( ‘(
balancing capacitors. ( D

3. Soft-switching can be used in this structure to avoid
bulky and less resistor-capacitor-diode snubber

circuit. “V‘,“‘,h‘(

4.2. Disadvantage:

1. Here needs separate dc voltage sources for real power
conversions and so its applications are some time
limited.

V. SWITCHING SCHEME

The switching scheme is dividing in two methods 1. High 1
frequency switching scheme and 2. Fundamental frequency . H H ’ H H
switching scheme for both cases stepped output wave form is . - g , . ) . %
achieved Fig. 7. Modulation waveforms and output stepped waveform
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Fig.11. Phase Disposition (PD)

VI.

This paper presents brief discussion on some basic multi-level
inverter and control strategies. Multi-level inverter family
help to solves problems of total harmonics distortion, EMI,
and dv/dt stress on switch.Today more and more product
commercial available which depends on the multi-level
inverter topologies so that’s why research work going on to
reduces the power electronics components and improve total
harmonics profile and total effective cost of the system.
Comparison is shown below in table

CONCLUSION

Table.4: Comparison of power component requirement

Inverter Diode-Clamp Flying- Cascaded
Configuration Capacitors inverter
Switching 2(m-1) 2(m-1) 2(m-1)

devices
Main diodes 2(m-1) 2(m-1) 2(m-1)
Clamping (m-1)(m-1) 0 0
diodes
DC bus (m-1) (m-1) (m-1)/2
capacitors
Balancing 0 (m-1)(m-2)/2 0
capacitors

Where m is power components

275

REFERENCES

Rodriguez J., Lai J.S., Peng F.Z.: ‘Multilevel inverters: A survey of
topologies, controls, and applications’. IEEE Trans. Ind. Electron.,
vol. 49, no. 4, pp. 724-738, Aug. 2002

Gupta, K.K.; Jain, S.; , "Topology for multilevel inverters to attain
maximum number of levels from given DC sources," Power
Electronics, IET , vol.5, no.4, pp.435-446, April 2012

Jih-Sheng Lai , Fang Zheng Peng “Multilevel Converters-A New
Breed of Power Converters” IEEE transactions on industry, VOL.
32, NO. 3, may june 1996.

Malinowski, M.; Gopakumar, K.; Rodriguez, J.; Pérez, M.A; , "A
Survey on Cascaded Multilevel Inverters,”" Industrial Electronics,
IEEE Transactions on , vol.57, no.7, pp.2197-2206, July 2010.

Y. Suresh Anup Kumar Panda “Investigation on hybrid cascaded
multilevel inverter with reduced dc sources” Renewable and
Sustainable Energy Reviews 26 (2013) 49-59.

Rodriguez J., Franquelo L.G., Kouro S., Leon, J.1., Portillo R.C., Prats
M.AM., Perez M.A.: ‘Multilevel Converters: An Enabling
Technology for High-Power Applications’. Proceedings of the
IEEE , vo0l.97, no.11, pp.1786-1817, Nov. 2009.

Gupta, K.K.; Jain, S ”a novel multilevel inverter based on switching
Dc source ” IEEE transactions on industry, VOL. 61, NO. 7, July
2014.

HEMA LATHA JAVVAJL, B. BASAVARAJA “Simulation &
Analysis of Different Parameters of Various Levels of Cascaded H
Bridge Multilevel Inverter” 2013 IEEE Asia Pacific Conference on
Postgraduate Research in Microelectronics and Electronics
(PrimeAsia).

“IEEE Recommended Practices and Requirements for Harmonic
Control in Electrical Power Systems” IEEE Std 519-1992 (Revision
of |IEEE Std 519-198

[10] N.A. Rahim, J. Selvaraj*, C. Krismadinata” Five-level inverter with

dual reference modulation technique for grid connected PV system”
Renewable Energy 35 (2010) 712-720.

[11] M. D. Manjrekar, P. K. Steimer, and T. A. Lipo, “Hybrid multilevel

power conversion system: a competitive solution for high-power

applications,”][EEE Trans. Ind. Applicat., vol. 36, pp. 834-841,

May/June2000.

Z. Peng, J. W. McKeever, and D. J. Adams, “A power line
conditioner using cascade multilevel inverters for distribution
systems,” in Conf. Rec. [EEE-IAS Annu. Meeting, New Orleans,

LA, Oct. 1997, pp. 1316-1321.

Rodriguez, L. Moran, A. Gonzalez, and C. Silva, “High voltage

multilevel converter with regeneration capability,” inProc. IEEE

PESC’99, Charleston, SC, June 1999, pp. 1077-1082.

[14] M. F. Aiello, P. W. Hammond, and M. Rastogi, “Modular multi-level

adjustable supply with series connected active inputs,” U.S. Patent
6 236 580, May 2001.

[15] D. W. Kang et al., “Improved carrier wave-based SVPWM method

using phase voltage redundancies for generalized cascaded

multilevel inverter topology,” in Proc. IEEE APEC, New Orleans,

LA, Feb. 2000,pp. 542-548

Z. Peng, J. S. Lai, J. W. McKeever, and J. Van Coevering, “A

multilevel voltage-source inverter with separate DC sources for

static var generation,”I[EEE Trans. Ind. Applicat., vol. 32, pp.

1130-1138, Sept. 1996.

[17] N. S. Choi, J. G. Cho, and G. H. Cho, “A general circuit

topology of multilevel inverter,” inProc. IEEE PESC’91, June

1991, pp. 96-103.

[1]

[2]

(3]

[4]

[5]

(6]

[71

(8]

[9]

[12] F.

[13] J.

[16] F.

www.erpublication.org



