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APPLICATION OF SELF-EXCITED SYNCHRONOUS  
GENERATOR WITH INVERTER AS DC GRID VOLTAGE 

SOURCE 
 
 

Self-excited generators are the most popular voltage sources installed onboard of 
modern ships. Because of fuel savings on some specialized vessels (PSV, cable layers 
etc.) varying revolutions drives are used and this trend seems to increase. Very interest-
ing issue is use of such type of alternator working with inverter acting as rectifier in DC 
grid system. As the control method most suitable to use is modified field oriented control 
known from induction machines. This control method involves decoupling of currents 
and control voltages to flux and torque components and keeping them in optimal (or-
thogonal) condition. Theoretical background of inverter and synchronous generator 
adopted FOC control method along with experimental results obtained in laboratory of 
such system were presented. 
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1. PROPERTIES OF SELF-EXCTITED SYNCHRONOUS  
GENERATOR WITH VOLTAGE REGULATOR 

 
The 7 kVA self-excited synchronous generator (SESG) driven by squirrel 

cage motor was used for purpose of investigation. To obtain proper intermediate 
direct current voltage level electric generator has to be controlled in certain way. 
Because of self-excitation and use of the compound transformer feeding voltage 
regulator in synchronous generator there is no need to independent control of 
reactive current control so the field oriented control (FOC) algorithm was cho-
sen. Compound transformer is very important part of investigated system be-
cause it assures proper excitation current that is composed of vector sum of re-
sulting phase voltages and currents  

In Fig. 1, the scheme of a brushless self-excited synchronous generator with 
compound excitation system and a voltage regulator is presented. The excitation 
winding of the synchronous generator receives power from the rotating rectifier, 
which is powered by a secondary coil of the compound current transformer. The 
compound transformer contains current coil (coilI) and a voltage coil (coilU). The 
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In contrary permanent magnet synchronous generators have more linear de-
pendence between rotational speed and generated voltages, so PMSG’s slightly 
altered control techniques can be used for synchronous generators with com-
pound voltage regulators. This property leads to conclusion that such type of 
generator can operate in limited range of rotational speed then PMSG.  
 

1.1. Principle of synchronous generator operation 
 

The classical control principle of the synchronous generators with independ-
ent exciting winding is well known, considering the frequency and voltage con-
trol by means of the active and reactive power adjustment. The active power is 
coming from the mechanical drive such as Diesel or gas combustion engines 
while the reactive power is commanded and controlled with the DC current exci-
tation winding and voltage regulator. In most case the two control loops are op-
erating separately each to others with use of RPM’s governor and voltage regu-
lator. This kind of operation may be considered as a scalar control procedure, 
which disregards some phenomena, i.e. the coupling effect between electrical 
axis the synchronous generator [1]. The vector control is based on the field-
orientation principle. It can be used as an AC induction motor drives control, but 
also for squirrel cage generator running. Because of its performance during tran-
sient operation modes, it comes quite close to direct current machines. The 
mathematical background of the dynamic model and vector control of AC ma-
chine is given by the space-phasor theory [1], [5]. Thanks to field oriented con-
trol simplicity of DC machines control got into the AC motors and generators 
methods. The rotor flux oriented synchronous machine model is similar to a 
shunt excited direct current machine. It is suitable for the simulation of the syn-
chronous generator operation, but the control will be realized with the field ori-
ented model considering the resultant stator flux. This model leads to the analo-
gy with the compensated DC machine, which allows the independent control of 
the two variables that produce the machine torque [1], [4], [5], [6]. In Fig. 5 
there are shown the stator field oriented components of the stator current: 

  sqsds iii  j  (1) 

while the armature coil flux equals to: 

   sqmqsdmdsssqsssdss iLiL  j j   (2) 

where λs is the angular position of the resultant stator flux Ψs. 
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As it can be observed that with rotational speed increase active current value 
drops because the amount of generated power is still the same. What is im-
portant all characteristics can be customized for flawless work with digital ener-
gy management system and digital governors to obtain optimal fuel consumption 
by prime movers [5]. 

  
4. CONCLUSIONS AND FURTHER WORK 

 
Proposed system including variable speed generators in altered versions is 

now tested onboard of few seagoing specialized vessels. Estimated fuel savings 
values are in range between 22% and 30% depending on the ships work condi-
tions. As it was proven in laboratory test bench system is very stable and DC 
voltage variations does not exceed 5% in steady state and 10% in transient oper-
ation. Further work will focus on integrating ultracapacitors with controlled DC-
DC converter to presented system. Thanks to its properties, the system will be 
further developed towards further optimization and easy integration with exist-
ing solutions. 

 
BIBLIOGRAPHY 

 
[1] Imecs M., Iov Incze I., Szabo C., Stator-Field Oriented Control of the Synchronous 

Generator: Numerical Simulation, 2008 International Conference on Intelligent En-
gineering Systems, ISSN 1543-9259, 2008. 

[2] Djagarov N. F., Lazarov T., Investigation of Automatic Voltage Regulator for  
a Ship’s Synchronous Generator, European transactions on electrical power engi-
neering 2016/33, pp. 16-21, 2016. 

[3] Rashed M., MacConnell P.F.A., Stronach F., Acarnley P., Sensorless Indirect-
Rotor-Field-Orientation Speed Control of a Permanent-Magnet Synchronous Motor 
With Stator-Resistance Estimation, IEEE Transactions on Industrial Electronics, 
Volume 54, Number 3, pp. 1664-1675, 2007. 

[4] Kozak M., Bejger A., Gordon R., Control of squirrel-cage electric generators in 
parallel intermediate dc circuit connection, Zeszyty Naukowe Akademii Morskiej w 
Szczecinie, Volume 45, Number 117, pp. 17-22, 2016. 

[5] Baktyono S. A Study of Field-Oriented Control of a Permanent Magnet Synchro-
nous Generator and Hysteresis Current Control for Wind Turbine Application, The 
Ohio State University, 2006.  

[6] Balog, R., Krein, P.T.,Bus Selection in Multibus DC Microgrids. IEEE Transac-
tions on Power Electronics. Volume 26, Number 3, pp. 860–867, 2011. 

 
 
(Received: 08.02.2018, revised: 15.03.2018) 



<<
  /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


