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Abstract: Finite Element Method (FEM) is used for calcula-
tion of electromagnetic field inside the single phase shaded pole 
motor, product of company Micron-Tech from Prilep under trade 
name AKO-16.  Four different motor models for FEM application 
are developed. In first motor model magnetostatic approach for 
electromagnetic field calculation is implemented, meaning all 
electromagnetic quantities are evaluated at zero Herz frequency. 
Second model is developed using time-harmonic approach at fifty 
Herz frequency. Third and fourth motor model are developed by 
implementation of soft magnetic materials in stator notch and pole 
respectively and analyses is carried out in time harmonic domain. 
Obtained results are compared and conclusions are derived.  
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INTRODUCTION 
In spite of its simple construction single phase shaded 

pole motor (SPSPM) is very complex due to the existence 
of three magnetically coupled windings which produce an 
elliptic rotating magnetic filed in motor’s air gap. Motor’s 
rated data are: Un=220 V, fn=50 Hz, I1n=0.125 A, P1n=18 
W, nn=2520 rpm and 2p=2 (Fig.1) 

 
Fig.1 – Prototype of motor AKO-16 

Extensive analysis of motor performance characteristic is 
implemented and they are calculated on the base of sym-
metrical components theory. Obtained characteristics are 
verified by experiment. Next step in motor research is to 
calculate electro-magnetic characteristics such as magnetic 
flux density inside the motor cross section. Over the past 
yearsFinitie Element Method has proved itself as valuable 
tool in motor design and analysis. In order to enable FEM 
calculation to be applicable, exact motor geometry with 
material characteristics is input in FEM pre-processing part. 
Very important issue is to define boundary conditions on 
outer motor geometry and in this case Dirichlet-boundary 

conditions are used. Another important subject in motor 
modelling is defining the mesh of finite elements. By divid-
ing the motor’s cross section into large number of regions 
i.e. elements with simple geometry (triangles) the true solu-
tion of magnetic vector potential is approximated by a very 
simple function. Two different approaches are used in 
magnetic field calculation: magnetostatic and time-
harmonic. In magnetostatic approach all electromagnetic 
phenomena inside the motor are analysed in certain mo-
ment of time i.e. f=0 Hz. First, motor model is built , by 
inputting current density in main stator winding , than from 
the value of magnetic flux in short circuit coil current in the 
coil is calculated and input in the model. Finally having the 
both stator currents and from the value of magnetic flux in 
motor air gap, current in rotor squirrel cage winding is cal-
culated.  Having all three currents in the model the program 
is run at stator frequency f=0 Hz. In time-harmonic motor 
model only stator current is input and consequently currents 
in short circuit coil and rotor windings are freely induced. 
On that way analyse of electromagnetic phenomena inside 
the motors is closer to the real electromagnetic process in-
side the machine when it is supplied with voltage 220 V, 50 
Hz. Both analyses are performed in 2D domain. Further 
improvement in motor design is achieved by implementa-
tion of soft magnetic powders in motor construction. On 
that way, rather high value of motor magnetic flux density 
in time-harmonic analysis is decreased which contributes 
towards decreased core saturation and iron losses. 

FEM RESULTS 

Results from magnetostatic analysis 

 
After preparing all motor models program is executed 

and post-processing results such as magnetic field distribu-
tion in motor’s cross section as well as spatial distribution 
of magnetic flux density in the middle of air gap line are 
obtained. All results are presented for magnetostatic and 
time-harmonic case. In Fig. 2 is presented magnetic flux 
density distribution at rated load in motor cross-section 
while in Fig.3 is presented spatial distribution of magnetic 
flux density in motor air gap. Further on, in Fig.4 is pre-
sented characteristic of air gap flux versus current in main 
stator winding Фδ=f(I1), when only stator windings are en-
ergized and there is not current in rotor winding, I2=0,  for 
rotor starting position 0°. This is adequate to ideal no-load 
operation and obtained characteristic represents the mag-
netization curve of prototype of AKO-16.  



 
Fig.2 –Magneto-static flux density distribution, rated load 
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Fig.3 – Flux density distribution in motor air gap  
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Fig.4 – Air gap flux for  I1 and I3≠0, I2=0 

Values of flux in motor air gap as well as electromagnetic 
torque when all three windings are energized for different 
rotor positions are presented in Figs. 5 and 6 respectively.  
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Fig.5 – Air gap flux for I1, I2 and I3≠0, different rotor positions 
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Fig.6 – Electromagnetic torque for different rotor positions 

Results from time-harmonic analysis 
Time-harmonic analysis at f=50 Hz and for different 

operating regimes is carried out. In Fig. 7a is presented flux 
density distribution for rated load in motor prototype. From 
presented results it can be concluded that stator bridge in 
some critical points has increased value of flux density up 
to 2.6 T. Therefore soft magnetic material Somaly™500  is 
implemented in construction of stator notch (Fig. 7b) thus 
obtaining the experimental model E1 and further on, in 
construction of complete stator pole (Fig. 7c)-model E2.  

 
(a) 

 
(b) 

 
(c) 

Fig.7 – Flux density in motor prototype and experimental mod-
els 

CONCLUSION 
FEM is used for calculation of electromagnetic field in-

side SPSPM. Analysis is performed for magnetostatic case 
at frequency f=0 Hz and time-harmonic case  at frequency 
f=50 Hz. Different electro-magnetic quantities are calcu-
lated such as air gap flux and electromagnetic torque. An-
gle of rotor skewing is also implemented in motor model 
and calculation of  electromagnetic torque. Time-harmonic 
models are improved by usage of soft magnetic powders in 
motor construction which lowers the value of magnetic flux 
density in critical points where saturation occurs.  

REFERENCES 
[1] V.Sarac,  “Different Approaches in Numerical Analysis of Electromag-

netic Phenomena in Shaded Pole Motor with Application of Finite 
Elements Method,”, In Proceeding(s) of the EMTS  International 
Symposium of Electromagnetic Theory” , Berlin, 2010, pp. 97-100.  

Φδ [Vs]  

I1 [A] 

Φδ [Vs] 

 
0° 

-30°30° 
-60° 

60°
-90°

90° 
I1 [A] 

90°

60° 
30°

0° 

- 30°
- 60°

- 90°
I1 [A] 



<<
  /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


