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The Implementation of a Single Phase Five-Level Inverter
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Abstract

The objective of this research paper is to discuss the development of a two-Switch based
DC-DC multilevel Boost Converter (25BC) recently proposed. The purposed DC-DC
converter circuit consists of an inductor, 2 driven switch, 9 diodes and 7 capacitors.
This circuit has 4-levels boost converter which is able to regulate output voltage
in all level. For the implementation of an inverter system, boost convert interfaced
a five-level diode clamped inverter configuration is developed under switching
control schemes. The 2SBC of the first stage become the input voltage of the inverter,
resulting in a staircase waveform for the inverter output voltage. Both stages are
operated at a high switching frequency. PSIM Simulated is presented to validate the

proposed inverter.

Keywords : 2SBC; multilevel converter; boost converter; five-level diode clamped inverter

Introduction

In most renewable energy system like solar cell and fuel cell, the voltage obtained
is low and has to be boosted up for meaningful utilization. A boost converter was used
to obtain the required high voltage gain (Rosas-Caro, ].C. et al., 2011; Rosas-Caro, J.C.
et al., 2008; Tomaszuk, A. and Krupa, A., 2011). Though cascading of boost converters and
multilevel converter achieved the DC/AC inverter. It resulted in the better output signal
voltage and current those are pretty close to a sine wave.

Multilevel converters have been attracting an increasing amount of consideration
in high voltage converter with low voltage devices and high power qualities. Various
topologies for multilevel inverters have been introduced and widely studied (Rodriguez,
J. et al., 2002; Chenchen, W. and Yondong, L., 2009). The most considerable of these
topologies are Neutral Point Camped (NPC) also called diode clamped, Flying
Capacitor (FC) and Cascaded Multilevel (CM). Multilevel converters synthesis stair
case output voltage which is closer to sinusoidal waveform. By increasing the number
of output level, the harmonic content of voltage and current waveform are reduced.

The diode clamped converter is widely used in transformerless grid connected
system because of its minimum number of active power components and shared
DC link voltage (Muhammad H.R., 2011). Due to the structure of the diode-clamped
converter, it suffers from neutral point voltage balancing. There are two types of

voltage balancing problems, the midpoint unbalance and the central capacitor discharge
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several researches have been proposed for solving both problems (Adam, G.P.,
et al., 2008; Rosas-Caro, J.C., et al., 2008; Stala, R., 2011). The two-Switch based DC-DC
multilevel Boost Converter (25BC) is a topology recently proposed (Leardpan, P. and
Singthong, P., 2013), which can be used to overcome those challenges.

This paper proposes the development of the 2SBC to boost the DC voltage
from an energy source to be connected with a five-level diode clamped converter,
resulting in a staircase waveform for the inverter output voltage. A Fourier analysis

of the output waveform is performed.
Methodology

Four-level converter
The two-level DC to DC boost converter with improved voltage gain has been
introduced by (Leardpan, P. and Singthong, P., 2013). Figure 1 shows a schematic,

it is based on 2 switches, 1 inductor, 5 diodes and 4 capacitors.
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Figure1 The 2SBC schematics

bz

The main driven switch S1 and the auxiliary driven switch S2 is operated at each
switching frequency, the main S1 is driven at frequency of F hertz while the auxiliary
switch S2 is driven at F/2 hertz. The average output power of the load-resister can be
controlled by only adjusting the duty cycle of the main switch S1. The output voltage

across the load can be expressed as;
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The principle of this converter will be explained, assume that the switches
(S1 and S2) is switching with duty cycle of 0.5.

During some switches are on state, the inductor is connect to Vin voltage. Current
flows through an inductor L1, switch S1 and/or S2. Both capacitors C1 and C4 charge
C2 through the D2. When all switches turn off, the energy in the inductor is transferred
to the capacitors C1 and C4 through D1 and D4 respectively. C3 is charged by C2.

In this paper, the proposed converter circuit is shown in Figure 2. By rearranging
the 2SBC structure and setting the output level to four. The output voltage across the

load can be expressed as;

8%V
1-D

Vo 2)

The proposed converter, it is a central source variation. As a natural extension
of the voltage multiplier in the negative part, reducing the current stress in the lower
devices (Rosas-Caro, J.C. et al., 2008).
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Figure2 The proposed four-level converter
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Five-level diode clamped converter

Diode clamped converter also called the Neutral-Point Clamped (NPC)
converter. The circuit topology was first presented in 1980 (Nabae, A. et al., 1981)
as a three-evel converter.

In this paper, the five-level diode clamped converter was chosen. The proposed
converter is shown in Figure 3.

A five-level diode clamped converter, in which the dc bus consists of four
capacitors, C1, C2, C3, and C4. For dc bus voltage Vdc, the voltage across each capacitor
is Vdc/4 and also each device voltage stress is limited to Vdc/4 through clamping diode.

Table 1 shows the voltage level and their corresponding switch state. State

condition “1” means the switch is on, and states “0” defines the switch is off.

Table 1 Five-level converter switching

v, S S, [ s 15 |5 1 s 15 [ s
Vv, /2 1 1 1 1 0 0 0 0
vV, /4 0 1 1 1 1 0 0 0
0 0 0 1 1 1 1 0 0
-V, /4 0 0 0 1 1 1 1 0
v, /2 0 0 0 0 1 1 1 1
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Figure3 Five-evel diode clamped converter
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Five-Level inverter

The proposed inverter system is shown in Figure 4. The input stage is a four-level
converter and the second stage is a five-level diode clamped converter, are connected
in cascade. It is important that in the first stage, the left side capacitors are designed
to transfer power from the lower level to the higher level so that their size are smaller

than the right side capacitors which are the converters DC-link capacitors.
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Figure4 Proposed inverter with five-level output voltage
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Table 2 Simulation parameters

Parameter Value
Input voltage 48V
Inductor L, 1.5mH
C,C,C,and C, 220 uF
C, C,C,and C, 500 uF
Switching frequency S, 50 kHz
Switching frequency S, 25 kHz
Duty cycle of S, 0.47
Duty cycle of S, 0.50
Load resistance 250 Q
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Figure 6 Simulation result waveform of the output voltage (a) and its frequency

spectrum (b)
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Simulation and Result

A simulation model of the proposed inverter is developed in PSIM environment.
The parameters used for simulation work are given in Table 2.

The voltage drop across each of the output capacitors is shown in Figure 5.
The average voltage drop of 181 volts across C2 and C3 is a positive value while the
average voltage drop of 181 volts across C6 and C8 is a negative value. This validates
the multilevel operation of the converter.

The staircase output voltage drop across the load and its frequency spectrum
are shown in Figure 6 (a) and (b) respectively. The oscillogram of the output voltage
of the five-level inverter is 220 Vrms and its THD is 17%.

Conclusion

In this paper, a single phase five-level voltage has been proposed. The structure
circuit consists of 2 main parts, a four-level DC-DC boost converter and a five-level
diode clamped converter, are connected in cascade. The first part is modified from
a two-level DC/DC boost converter which up to 4 level. Also by rearranging the DC source
to the central of the circuit structure, the set of symmetrical boosted voltage can be
obtained. The function of this first part is to step up the voltage from 48V to around 720V
with symmetrical voltage. Another part is a five-level diode clamped converter. It is used
to generate a 220Vrms from a DC voltage. The output waveforms obtained from the

PSIM simulation confirm the performance of the proposed converter.
Acknowledgment

The author would like to thank the Solar Energy and Power Electronic Research Unit
in Faculty of Engineering, Mahasarakham University who provided all facility for
this research.

References

Adam, G.P., Finney, S.J., Massoud, A.M. and Williams, B.W. (2008). Capacitor Balance

Issues of the Diode-Clamped Multilevel Inverter Operated in a Quasi Two-State
Mode. IEEE Transactions on Industrial Electronics, Vol. 55. No. 8. pp. 3088-3099.



N33 wns. By T 8 atiuil 1 uns1am - wwen 2558 S 1

Chenchen, W. and Yondong, L. (2009). A survey on topologies of multilevel converters and
study of two novel topologies. Power Electronics and Motion Control Conference
IPEMC ‘09. IEEE 6th International, pp. 860-865.

Leardpan, P. ans Singthong, P. (2013). Two level DC to DC boost converter with improved
voltage gain. The Fifth International Conference on Science, Technology and
Innovation for Sustainable Well-Being (STISWB V).

Muhammad H.R. (2011). Power Electronics Handbook : devices, circuits, and applications,
3rd edition, ISBN: 978-0-12-382036-5, USA : Butterworth-Heinemann.

Nabae, A., Takahashi, I. and Akagi, H. (1981). A new neutral-point clamped PWM
inverter. IEEE Transactions on Industry Applications, Vol. 19. No. 5. pp. 518-523.

Rodriguez, J., Jih-Sheng Lai, Fang Zheng Peng (2002). Multilevel inverters: a survey of
topologies, controls, and applications, IEEE Transactions on Industrial Electronics,
Vol. 49. No. 4. pp. 724-738.

Rosas-Caro, J.C., Ramirez, .M. and Garcia-Vite, P.M. (2008). Novel DC-DC multilevel
boost converter. Power Electronics Specialists Conference PESC 2008. pp. 2146-2151.

Rosas-Caro, J.C., Ramirez, ].M. and Valderrabano, A. (2008). Voltage balancing in DC/DC
multilevel boost converters. Power Symposium, 2008. NAPS ‘08. 40th North
American, pp. 1-7.

Rosas-Caro, J.C., Ramirez, J.M., Peng, F.Z. and Valderrabano, A. (2008). A DC-DC
multilevel boost converter. IET Power Electronics, Vol. 3. No. 1. pp. 129-137.

Rosas-Caro, J.C., Mayo-Maldonado, J.R., Salas-Cabrera, R., Gonzalez-Rodriguez, A.,
Salas-Cabrera, E.N. and Castillo-Ibarra, R. (2011). A family of DC-DC multiplier
converters. Engineering Letters, Vol. 19. No. 1. pp. 57-67.

Stala, R. (2011). Application of balancing circuit for DC-link voltages balance in a
single-phase diode-clamped inverter with two three-level legs, IEEE Transactions
on Industrial Electronics, Vol. 58. No. 9. pp. 41854195.

Tomaszuk, A. and Krupa, A. (2011). High efficiency high step-up DC/DC converters - a
review. Bulletin of the Polish Academy of Sciences: Technical Sciences, Vol. 59.
No. 4. pp. 475-483.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


