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ABSTRACT

This paper presents a new topology of Transformerless
Unified Power Quality Conditioner (UPQC). The
proposed topology can compensate almost all of the
current and voltage Power Quality problems at the
facility. The great innovation of this work is the use of
bidirectional isolated DC-DC converters to interconnect
the DC links of the Shunt and Series Active Power
Filters that composes the UPQC, allowing the
connection of the two Conditioners directly to the
electrical grid without the use of power transformers.
The proposed UQPC has been studied with the help of
PSIM (Power Simulator) and the simulation results are
presented. A laboratory prototype is under construction,
and experimental results will be available soon.

INTRODUCTION

The increasing use of rectifiers, thyristor power
converters, arc furnaces, switching power supplies and
other non linear loads is known to cause serious
problems in electric power systems (Bachry and
Styczynski 2003). Therefore the development of
electronic equipment that can mitigate problems that
affect electrical installations is of great interest. The
proposed UPQC consists of a Shunt Active Power Filter
in conjunct operation with a Series Active Filter. The
Shunt Active Power Filter works as a current source,
connected in parallel with the electric grid, and it is
capable of providing the harmonics and reactive power
required by the loads (Pinto et al. 2007a). Three-phase
four wire Shunt Active Power Filters are also capable of
compensating unbalance and zero sequence currents,
minimizing the neutral current (Pinto et al. 2009).
Series Active Filters works as voltage sources
connected in series with the electrical grid and they are
capable to compensate voltage harmonics. Three phase
Series Active Filters also can compensate unbalances in
the phase voltages (Pinto et al. 2007b). The combined
operation of the Series Active Filter with a Shunt Active
Power Filter increases the compensation capabilities of
the Series Conditioner, allowing the compensation of
voltage harmonics, voltage unbalances, voltage sags,
voltage swells and flicker (Fujita and Akagi 1998).

UPQC TOPOLOGY

The hardware of the UPQC consists in a three phase
four wire Active Power Filter, three single phase Series
Active Filters and three Bidirectional Isolated DC-DC
Converters. Figure 1, shows the block diagram of the
proposed Transformerless UPQC. In this topology, the
Shunt Active Power Filter is responsible for compensate
the current harmonics, the power factor and the current
unbalances. The Shunt Active Filter also compensates
the neutral current. In this way, the source currents
become almost sine waves in phase with the system
voltages, and the neutral current is eliminated. The
Series Active Filter is responsible for compensate
voltage harmonics, voltage unbalances, sags swells and
flicker. With the Series Active Filter, it is possible to
supply the loads with three sine wave voltages with a
phase shift of 120° and constant amplitude.
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Figure 1: Block Diagram of the proposed UPQC

The Series Active Filter to compensate some of the
voltage disturbances requires an energy exchange with
the Shunt Active Power Filter. The bidirectional
isolated DC-DC is responsible to provide this energy
exchange.

UPQC CONTROL THEORY

Several algorithms was been developed in order to
control the UPQC. The first algorithm (a digital Phase
Locked Loop - PLL) is responsible for the
synchronization of the controller with the source
voltages. The PLL receives the three source voltages
and returns two sine waves with unitary amplitude that
are used as synchronizing signals. These synchronizing
signals are used to calculate the compensation currents
by applying the concepts described in the theory of
instantaneous reactive power, also know as p-q theory.
The synchronizing signals also are used to generate the
compensation voltages of the Series Active Filters, by
calculating the difference between the source voltages
and the ideal desired load voltages.
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SIMULATION RESULTS

In order to verify the proper operation of the proposed
topology and their control algorithms, some simulations
was carried with PSIM. Figure 2 a) shows the source
voltages and the source currents. It is possible to see
that the voltages are distorted and unbalanced but the
currents are almost sine wave and the neutral current is
near zero. Figure 2 b) shows the load voltages and the
load currents. Was it can be seen the load voltages are
sine waves with constant amplitude and the load
currents are distorted and unbalanced resulting in a
significant neutral current.

vsa vsb vsc isa isb isc isn

X XXX
Y'.VV"'.VV"

via vib vic ila ilb ile in

S 0OSeVe:

ST X
' ' b)

0.7 0.71 0.72 0.73 0.74 0.75 0.76
Time (s)

400

200

-200

-400

400

200

-200

-400

Figure 2: a) Source voltages and source currents.
b) Load voltages and load currents.

In according to the results presented in Figure 2,
although the electrical grid voltages are distorted and
unbalanced the load is supplied with balanced sine
wave voltages with constant amplitude. This fact
contributes to the correct operation of sensitive loads in
the facility. Although the load currents are distorted and
unbalanced, the electrical grid only supplies sine wave
currents in phase with the voltages. This fact contributes
to higher system performance, by reducing the losses in
the production, transport and distribution subsystems.

CONCLUSIONS

This paper shows a newer topology of Transformerless
UPQC. The proper operation of the presented topology
and control algorithms was validated trough computer
simulations. The presented results show a good
performance of the topology and control algorithms to
compensate current and voltage quality problems. A
prototype of the UPQC is under construction and
experimental results will be available soon.

ACKNOWLEDGMENT

This work was supported by FCT, project founding
PTDC/EEA-EEL/104569/2008. J. G. Pinto is also
grateful to FCT for supporting his PhD scholarship.

Semana de Engenharia 2010
Guimardes, 11 a 15 de Outubro

REFERENCES

A. Bachry; Z. A. Styczynski, “An Analysis of Distribution
System Power Quality Problems Resulting from Load
Unbalance and Harmonics”, IEEE PES — Transm. and
Dist. Conf. and Exp., Vol 2, 7-12 Sept. 2003 pp.763-766.

J. G. Pinto, Pedro Neves, Ricardo Pregitzer, Luis F. C.
Monteiro, Jodo L. Afonso, “Single-Phase Shunt Active
Filter with Digital Control”, Proceedings of ICREPQ’07,
28-30 March Seville, Spain, ISBN:978-84-611-4707-6.

J. G. Pinto, Pedro Neves, D. Gongalves, Jodo L. Afonso,
“Field Results on Developed Three-Phase Four-Wire
Shunt Active Power Filters”, IECON 2009, 3-5
November, Porto, Portugal.

J. G. Pinto, R. Pregitzer, Luis. F. C. Monteiro, Carlos Couto,
Jodo. L. Afonso, "A Combined Series Active Filter and
Passive Filters for Harmonics, Unbalances and Flicker
Compensation”, POWERENG, 12-14 April, 2007,
Setubal, Portugal, pp 54-59 ISBN: 1-4244-0895-4.

H. Fujita, H. Akagi, “The Unified Power Quality Conditioner:
The Integration of Series and Shunt Active Filters,” IEEE
Trans. Power Elect, vol.13, No.2, Mar 1998, pp. 315-322.

AUTHOR BIOGRAPHIES

JOSE GABRIEL O. PINTO was born in
Guimardes, Portugal, on 1977. He
received the degree in Industrial
Electronics Engineering and the M.Sc.
degree in Industrial Electronics from the
University of Minho, Portugal, in 2001
and 2004, respectively. From 2002 to
2006 he worked as invited assistant at the
Electrical Department of the Polytechnic
Institute of Braganga. Since 2006, he works as investigator at
the Group of Energy and Power Electronics of the University
of Minho. Since 2008 he is a PhD student at the University of
Minho. E-mail: gpinto@dei.uminho.pt

CARLOS A. M. C. COUTO was born in
Mozambique on 1950. He received the
B.S. degree in electrical engineering from
the University of Lourenco Marques,
Mozambique, in 1972, and the M.Sc. and
Ph.D. degrees in Power Electronics from
the Manchester Institute of Science and
ﬁ Technology, UK., in 1979 and 1981,
“ respectively. In 1976, he joined the
University of Minho, Portugal, where, since 1995, he has been
a Full Professor in the Dep. Industrial Electronics. His
research interests are Microsystems, Instrumentation, and
Power Electronics. E-mail: ccouto@dei.uminho.pt

JOAO LUIZ AFONSO was born in Rio
de Janeiro, Brazil, on 1963. He is
Associate Professor at the Dep. Industrial
Electronics of the University of Minho,
Portugal, where he works since 1993. He
finished his Engineering course and his
MSc at the Federal University of Rio de
Janeiro, Brazil, respectively in 1986 and
1991. He concluded his PhD in Industrial
Electronics at the University of Minho in 2000. His
researching activities are Active Power Filters, Power Quality,
and Power Electronics for Renewable Energy Sources and for
Electric Vehicles. E-mail: j1a@dei.uminho.pt





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


