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1. Introduction  
  
To analyze the behaviour of a switched reluctance motor 
(SRM) the determination of its magnetic characteristic is 
essential [1]. The objective of this paper is to present an 
alternative method for the real time magnetic 
characterization of switched reluctance motors [2]. To 
carry out this work a platform based on a Dspace data 
acquisition board has been developed.  
 
The paper is organized as follows. First, the model of a 
phase and the flux linkage estimation method, to 
determine the magnetic characteristics of the motor, are 
introduced in Section 2. Next, the test bench, the 
excitation circuit, and the platform to carry out the 
experimental tests are described in sections 3, 4 and 5 
respectively. The results from the experimental magnetic 
characterization of the motor are shown in Section 6. 
Finally, some conclusions are reported in Section 7. 
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2. Flux linkage estimation method 
 
If the mutual inductance between phases is not 
considering, the voltage equation for a switched 
reluctance motor is given as: 
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where R is the copper resistance, and λ(θ, i) is the flux 
linkage, which depends on the phase current, IF, and the 
rotor position, θ.  
 
The copper resistance can be estimated by means of the 
following expression: 
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where the integration domain, t1-t2, is defined between 
the initial phase excitation instant and the phase voltage 
cancellation instant for zero phase current. 
 
From (1) and (2), the flux linkage can be deduced as: 

( )∫ −+= dtRIVλ)I,θ(λ FF0F  (3) 

where the residual flux linkage, λ0, can be assumed as 
insignificant.  
 
3. Test bench description 
 
The tests have been carrying out for a flat shape SRM 
prototype, which has been adapted to be housed as a 
direct drive back side the drum of a domestic washing 
machine. The stator and the rotor have 24 teeth and 18 
teeth, respectively. The number of phases is 4 yielding an 
angular step of 5 degrees. More details about the test 
bench are reported in a previous communication [3].  
 
4. Proposed excitation circuit 
 
The 220V/50Hz line signal is attenuated by an 
autotransformer and applied through a thyristor to a 
phase of the motor. To achieve a signal with a low 
harmonic distortion the thyristor is triggered at zero 
degrees. A significant variation of the cooper resistance 
is avoided limiting the number of gate pulses to one and 
therefore the number of conduction cycles. The 
maximum current value is controlled by the 
autotransformer. 

 
5. On line magnetic characterization 
 
The control algorithms for the excitation circuit, as well 
as the operations to estimate the flux linkage have been 
described by means of Matlab-Simulink. Through the 
Dspace Real Time Workshop tool, the models described 
in Simulink are implemented in the real-time hardware.  
 
By means of the Dspace ControlDesk software a control 
panel with virtual instruments has been developed. This 
graphical interface allows the user to modify the turn on 
angle of the thyristor and the width of the gate pulse for 
triggering, to estimate and to adjust the value of the 
copper resistance, the dc offset of the phase current and 
the phase voltage. As result of the experiment, the real-
time representation of the phase current, the phase 
voltage, the flux linkage and the magnetic characteristic 
for each rotor position are displayed in the control panel.  



 
6. Experimental results 
 
Some results from the magnetic characterization of this 
motor are depicted in fig.1. In fig.1 (a) are only 
represented the magnetic characteristics obtained during 
the rising interval of the phase current. The tests has been 
carried out for a maximum phase current of 10A, and for 

20 rotor positions taken each 0.5 mechanical degrees 
between the aligned and the unaligned positions.  
 
In fig.1 (b) are shown again the magnetic characteristic of 
the motor, but in this case are depicted the results for the 
rising and the falling intervals of the phase current. As 
can be observed, the flux linkages vs. current 
characteristics depend on the rate of change of the 
current.  
 
To analyse the influence of the maximum current applied 
on the determination of the magnetic characteristics, a 
new experiment has been carried out. The rotor has been 
locked at the aligned position and the magnetic 
characteristic has been obtained for different maximum 
phase current values, taken between 0 y 11A with 
increments of 0.5A.  The results are depicted in fig.1 (c), 
where, in the falling interval of the phase current, can be 
seen that the flux linkage depends of the maximum value 
of the phase current reached in the experiment. 
 
This behaviour of the motor is related to magnetic core 
effects (hysteresis and eddy currents), and can be an error 
source for determining the rotor position by sensorless 
methods based on a univocal  flux-current-position 
relation [4], as in the magnetic characteristics shown in 
fig.1 (a). 
 
7. Conclusions 
 
In this paper, a platform based on a Dspace data 
acquisition board, for the real time determination of the 
magnetic characteristics of a switched reluctance motor, 
is presented.  
 
The results of the experimental tests show the magnetic 
characteristics dependence on the rate of change of the 
current. Moreover, if the magnetic characterization is 
carried out for different maximum values of phase 
current, during the falling interval of the phase current, 
different magnetic characteristics have been obtained.   
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Fig.1. Flux linkage vs. phase current: (a) test for the rising 
interval of the phase current; (b) test for the rising and the 
falling interval of the phase current; (c) test for different 
maximum values in the rising and falling interval of the phase 
current at the aligned position. 



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


