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Abstract. The article deals with possibilities of phase shifting transformer to power flows control in transmission system. The main goal of the paper 
is to show results of the influence of the PST on power flows in the transmission system of the Slovak Republic. 
 
Streszczenie. Artykuł omawia możliwości zastosowania transformatora PST do sterowania przepływami mocy w systemie przesyłowym. Głównym 
celem artykułu jest zaprezentowanie rezultatów wpływu transformatora PST na przepływy mocy w systemie przesyłowym Słowacji. (Zastosowanie 
transformatora PST w systemie przesyłowym Słowacji) 
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Introduction 
 Transmission system of the Slovak Republic is a part of 
European network of transmission system operators for 
electricity (ENTSO-E). 
 The operation and dispatch control of electric power 
systems requires resources for power flow control in 
networks. Due to the limitation of the paper, the paper 
shows only results of the simulations of the influence of the 
PST on the transmission system and very simple and basic 
principle of the PST. 
 
PST 
 The main goal of the PST is to divide and control power 
among parallel transmission lines. Power, due to regulation 
by PST, is put to other lines and vice versa, the power is 
withdrawn from other lines, according to dispatcher and 
business needs in given area. 
 The principle of the PST is based on use of angle 
regulation of transformer ratio. PST is composed of series 
and regulation unit. Winding of the serial unit is placed 
directly into line (e.g. 400 kV), in which the phase angle is 
regulated. It means that the resulting voltage is composed 
of primary voltage and phase shifted regulation (additional) 
voltage. Regulating transformer with tap changer is supplied 
from serial unit. (Fig. 1) 

 

 
Fig. 1 Simple PST drawing  
 

 
Fig. 2 Network with two parallel lines 
 
 The active power transferred between two nodes 
depends on voltage difference of these two nodes, 

difference of phasors, and indirectly in proportion to 
reactance of line between nodes, i.e.  
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 In case, the PST is used and put into line, the power 
flow can be calculated: 
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where: P  – additional power flow caused by regulation, 
X – additional reactance in line including PST,   – 

angle between primary and secondary voltage of PST  
 In case the phase shit between primary and secondary 
winding equals zero (  0 ), the power flow in the line 
with PST decreases and is limited due to its own reactance 
X .  

 If angle difference between additional voltage and 
primary voltage equals zero, this is direct axis regulation. 
Because only network reactances are considered, 
additional current is delayed by 90o behind additional 
voltage and has inductive character. From the above 
mentioned it is clear, that it is possible to influence mainly 
reactive power flows (the reactive part of currents is 
changing 1I , 2I ). 

 If additional voltage is in quadrature to basic voltage ( 
= 90°), it is called quadrature voltage control. Because only 
network reactances are considered, additional current is 
delayed by 90o behind additional voltage and has active 
character. 
 
Application of the PST in transmission system 
 In order to simulate power flows in the Transmission 
system of the Slovak Republic, it is necessary to have a 
model of the whole transmission system of UCTE. In this 
simulation the model of UCTE (29th November 2007 at 
12.30 o’clock) was used to simulate power flows on 
boundary lines. This model contains 5784 nodes (from this 
982 generators, 3262 loads), 7798 lines, 1102 transformers 
[7]. 
 Transformer PST was added separately into each of 
international 400 kV lines of Slovak transmission system 
(Fig. 3). After individual simulation, the regulation effect and 
losses was calculated, see Fig. 3 - Fig. 10. 
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Fig. 3 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V404  
 

 
 
Fig. 4 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V424  
 
 

 
 
Fig. 5 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V440 
 

 
 
Fig. 6 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V448 

Power Flow after use of PST  
 

 
Original Power Flow 
 

 
Division of additional power flow 
 

Additional power flow 

Power Flow after use of PST  
 

 
Original Power Flow 
 

 
Division of additional power flow 
 

Additional power flow 

Power Flow after use of PST  
 

 
Original Power Flow 
 

 
Division of additional power flow 
 

Additional power flow 

Power Flow after use of PST  
 

 
Original Power Flow 
 

 
Division of additional power flow 
 

Additional power flow 

 
Profile 
 
 
Original power flow [MW] 
 
 
Power flow for angle -40o of PST 
 
 
 
Difference between power flows for -40o angle and 
original power flows 
 
 
Original balance [MW] 
 
 
Balance in case o PST Angle = -40o 
 
 
 
Losses caused by PST 
 
 
Difference (Balance for angle = -40o  - losses caused 
by PST) 

 
Profile 
 
 
Original power flow [MW] 
 
 
Power flow for angle -25o of PST 
 
 
 
Difference between power flows for -25o angle and 
original power flows 
 
 
Original balance [MW] 
 
 
Balance in case o PST Angle = -25o 
 
 
 
Losses caused by PST 
 
 
Difference (Balance for angle = -25o - losses caused 
by PST) 

 
Profile 
 
 
Original power flow [MW] 
 
 
Power flow for angle -40o of PST 
 
 
 
Difference between power flows for -40o angle and 
original power flows 
 
 
Original balance [MW] 
 
 
Balance in case o PST Angle = -40o 
 
 
 
Losses caused by PST 
 
 
Difference (Balance for angle = -40o  - losses caused 
by PST) 

 
Profile 
 
 
Original power flow [MW] 
 
 
Power flow for angle -20o of PST 
 
 
 
Difference between power flows for angle -20o and 
original power flows 
 
 
Original balance [MW] 
 
 
Balance in case o PST Angle = -20o 
 
 
 
Losses caused by PST 
 
 
Difference (Balance for angle = -20o - losses caused 
by PST) 



PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 2/2011                                                          81 

 
 
Fig. 7 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V449  
 

 
 
Fig. 8 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V477  
 
 It can be said, that: 
 PST added into 404 affects mostly the power 
transmissions in profile SK-PL, 
 PST added into 424 affects mostly the power 
transmissions in profile SK-HU, 
 PST added into 440 affects mostly the power 
transmissions in profile SK-HU, 
 PST added into 448 affects mostly the power 
transmissions in profile SK-CZ, 
 PST added into 449 affects mostly the power 
transmissions in profile SK-UA, 

 PST added into 477 (or 478) affects mostly the power 
transmissions in profile SK-CZ, 
 PST added into 497 affects mostly the power trans-
missions in profile SK-HU. 
 

 
 
Fig. 9 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V477 a V478  

 
 
Fig. 10 Graphical visualisation of the PST regulation influence on 
profiles, in case of use of PST in line V497  
 
 The regulation effect of the PST is shown in Fig. 11. 
Also energy loss was considered during the simulation and 
is presented in Fig. 12. 
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Fig. 11 The regulation effect of PST added into line 497 
 

 
 
Fig. 12 Power losses in Slovak transmission system (PST in line 
404, blue – energy losses for 220 kV level, yellow – energy losses 
for 400 kV voltage level, red - energy losses of transformers)  
  
Conclusion 
 The main goal of this paper was to show and consider 
influence of the PST on power flows. The PST was used in 
international transmission lines, which are connecting the 
Slovak Republic to other countries. From the figures it is 
clear, that the PST has significant influence on power flows 
and also influences energy losses in the system.  
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REFERENCES 
[1] Ko lcun  M., Trans European interconnected systems. In: 

Technical and economic aspect of modern technology transfer 
in context of integration with European union. Košice : Mercury-
Smékal Publishing House, 2004. s. 11-18. ISBN 80-89061-99-
0. 

[2] Gunnar  A . ,  Sustainable energy systems with HVDC 
transmission.  
www.trec-uk.org.uk/reports/HVDC_Gunnar_Asplund_ABB.pdf 

[3] Rusnák  J . ,  Power flow control by use of phase-shifting 
transformer. In: Student EEICT 2003 : Proceedings of the 
international conference and competition, Brno 2003. Brno : 
VUT, 2003. 
<http://www.feec.vutbr.cz/EEICT/2003/msbornik/04-
Power_Electrical_Engineering/03-PhD/01-rusnak.pdf>. ISBN 
80-214-2401-X 

[4] B reuer  W. ,  Povh  D . ,  Re tzmann  D . ,  Te l t sch  E . ,  Le i  
X . ,  Role of HVDC and FACTS in future Power Systems. In: 
CEPSI, 2004, Shang Hai 

[5] H ingoran i  G .  N . ,  Gyugy i  L . ,  Understanding FACTS. 
Concepts and Technology of Flexible AC Transmission 
Systems. New York: IEEE Press, 2000. 432 s. ISBN 0-7803-
3455-8 

[6] H lubeň  D . ,  Využitie transformátorov PST na riadenie tokov 
výkonov v ES SR. Dizertačná práca. Košice: FEI TU 
v Košiciach, 2009. 

[7] Rusnák  J . ,  Power flow control by use of phase-shifting 
transformer. In: 3. Doktorandská konferencia a ŠVOS TU v 
Košiciach FEI : Zborník z konferencie a súťaže, Košice, 
23.4.2003. Košice : TU, 2003. s. 79-80. ISBN 80-968666-3-X. 

[8] Meš te r  M.  Hv izdoš  M. ,  Rusnák ,J . ,  Sza thmáry  P . ,  
Vargonč í k  M. ,  Analýza elektrizačnej sústavy pomocou 
programu Eurostag. In: Stabilita elektrizačnej sústavy: Zborník 
príspevkov. Košice: Equilibria, 2006. s. 29-34. ISBN 80-
969224-9-1. 

[9] Tkáč  J . ,  Rusnák ,J . ,  Hv izdoš  M. ,  Modelovanie 
prevádzky veterných elektrární. In: EE časopis : Odborný 
časopis pre elektrotechniku a energetiku. roč. 15, č. 2 (2009), 
s. 29-31. ISSN 1335-2547 

[10] Genera l  E lec t r i c  Company:  Var iab le  F requency  
T rans fo rmer™.  Dostupné na internete: 
http://www.gepower.com/prod_serv/products/transformers_vft/e
n/downloads/vft_factsheet.pdf 

[11] M iha l íková , Jana: Problém výberu simulačného nástroja pre 
simulačný projekt.  In: Novus scientia 2007: 10. celoštátna 
konferencia doktorandov strojníckych fakúlt technických 
univerzít a vysokých škôl s medzinárodnou účasťou: 
20.11.2007 ÚVZ Herľany, Košice : TU, 2007. s. 392-396. ISBN 
978-80-8073-922-5 

[12] Danesh jo  N . ,  Implementácia nových prístupov v navrhovaní 
robotických výrobných systémov : Doktorandská dizertačná 
práca. Košice : TU-SjF, 2002. 120 s. 

[13] Varga  L . ,  I l en in  S . ,  Lešč i nský  P . ,  Prenos a rozvod 
elektrickej energie. Košice : Mercury - Smékal, 2003. 172 s. 
ISBN 80-89061-85-0. 

[14] Szku tn ik  J. (2005): Wykorzystanie algorytmów zadań 
transportowych do optymalizacji dystrybucji energii elektrycznej 
Prace Naukowe Akademii Ekonomicznej nr. 1078, Wrocław 
2005 r., s. 277-283 

[15] Szathmáry , P.: Kvalita elektrickej energie, Banská Bystrica: 
PRO, s.r.o., 2003, 2003, 122 p., ISBN 80-89057-04-7 

[16] Beňa , Ľ.: Využitie špecializovaných zariadení na reguláciu 
tokov činných výkonov v elektrizačných sústavách. Habilitačná 
práca. FEI TU v Košiciach, 2009, 84 strán 

 
 
Authors: Ing. Daniel Hlubeň, PhD., Technical University of Košice, 
Faculty of Electrical Engineering and Informatics, Department of 
Electric Power Engineering, Mäsiarska 74, 041 20 Košice, Slovak 
Republic, http://www.858.sk/daniel.hluben, tel: +421 55 602 3559, 
E-mail: daniel.hluben@tuke.sk 
Prof. Ing. Michal Kolcun, PhD., Technical University of Košice, 
Faculty of Electrical Engineering and Informatics, Department of 
Electric Power Engineering, Mäsiarska 74, 041 20 Košice, Slovak 
Republic, tel: +421 55 602 3550, E-mail: michal.kolcun@tuke.sk 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


