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Abstract — This paper deals with fault characteristic
analysis of squirrel cage induction motor by Finite Element
Method (FEM) and motor current signal analysis (MCSA).
Various fault cases of the induction motor are considered, and
characteristic analysis of each case is performed by FEM.
Based on the FEM results, the motor current signal is
analyzed and compared to detect the condition of the
induction motor. In addition, the torque and speed
characteristic are also dealt with, and they are validated by
experimental results.

1. INTRODUCTION

The faults of induction motors make torque ripple
causing noise and vibration, and although the distorted air-
gap flux density can be found using search coil in air-gap,
the motor should be unnecessarily opened. Therefore, to
overcome the disadvantage, this paper suggests the simpler
method applying finite element method (FEM) and motor
current signal analysis (MCSA) [1]-[5]. Since the various
fault conditions show distinguishable current characteristics,
it is possible to predict motor condition analyzing only
phase current. In addition, the relationship between torque
and speed according to the motor fault are analyzed by
FEM and experiment applying speed reference scenario
based on DSP (Digital Signal Processor).

II. ELECTROMAGNETIC FIELD ANALYSIS BY FEM

A. Fault Detecting System

Fig. 1 shows the fault detection system by FEM and
MCSA suggested in this paper. In this system, based on the
assumed conditions presented in TABLE I, electro-
magnetic field analysis by FEM is firstly performed. Here,
the faults conditions are broken rotor bar, eccentricity,
abnormal input source including harmonics. For example,
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Fig. 1. Fault monitoring system based on FEM and MCSA.

TABLE I
FAULT CONDITIONS (A : BROKEN ROTOR BAR NUMBER, B :
ECCENTRICITY, C : HARMONIC ORDER, D : ADDED AMPLITUDE)
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Modulated Input Source Adding Harmonic Component
NPl ov [ 2v | 4v | 6V | 8V |10V | 12V | 14V | 16V | 18V | 20V
3rd | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111
Sth | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122
7th | 123 | 124 | 125 | 126 | 127 | 12§ | 129 | 130 | 131 | 132 | 133

In the table, condition 1 implies a healthy motor (0 broken
rotor bar, O[mm] eccentricity), and condition 6 presents an
unhealthy motor (0 broken rotor bar, 0.05[mm]
eccentricity). The obtained phase current results by FEM
are then analyzed by FFT (Fast Fourier Transform), and
they are compared and analyzed with the real motor current
signal.

B. Electromagnetic Field Analysis by FEM

The output power of the analysis model for electro-
magnetic field analysis is 2.2[kW] at 1140[rpm], and its
current analysis result by FEM is presented in Fig. 2. This
result is compared with experimental motor current signal.
In addition, this paper also considers various harmonic
components of abnormal input source containing harmonic
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Fig. 2. FFT result of phase current according to fault conditions by FEM.
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Fig. 3. FFT Result of Induction Motor Phase Current with Eccentricity.
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Fig. 4. Sideband frequency detection: (a) healthy, (b) broken rotor bar.

components, and its analysis results will be presented with
its related torque characteristics in full paper.

C. Fault Detection by MCSA

Fig.3 shows experimental results, and it is evaluated as
fault condition 6 in comparison with the FFT results by
FEM. Here, the experimental motor does not have broken
bar, and input voltage is sinusoidal. In addition, among the
fault conditions, in particular, the broken rotor bar can be
found by sideband frequency detection. For the comparison
of a healthy motor and an unhealthy motor, this paper
employs 0.4[kW] at 1710[rpm] induction motors. When the
rotor bar is defected, the sideband frequency emerges, and
the sideband frequency can be found as shown in Fig. 4.

D. Speed Characteristic caused by Broken Rotor Bar

The severe operating condition of induction motors can
cause the corrosion of rotor bar, and it affects on the
conductivity of broken rotor bar directly related to torque
characteristics. In Fig.5, the torque characteristics
according
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Fig. 5. Torque characteristic according to conductivity and speed :
(a) Torque vs. conductivity, (b) Torque vs. speed.
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Fig. 6. Experimental current and speed characteristic: (a) healthy, (b)
broken rotor bar.

to conductivity of one rotor bar and speed obtained by FEM.
Here, it is noticed that the effect of broken rotor bar is not
crucial in high speed while it results the decreased torque in
low speed. In addition, Fig. 6 compares the experimental
speed and current characteristic according to the existence
of broken bar. When the speed is low, the difference of
speed and current characteristics is visible as shown in the
figures. However, in high speed, the difference is minor.

III. CONCLUSION

In this paper, the fault characteristics of induction motor
are dealt with. By showing various results, the faults are
detected, and its related characteristics are analyzed. In full
paper, motor specific explanation will have been presented.

IV. REFERENCES

[1] Jawad Faiz, Bashir Mahdi Ebrahimi, Bilal Akin and Hamid A.
Toliyat, “Finite-Element Transient Analysis of Induction Motors
Under Mixed Eccentricity Fault”, IEEE Trans. on Magn., vol.44,
no.l1, pp.66-74, 2008.

[2] O. A. Mohammed, N. Y. Abed and S. Ganu, “Modeling and
Characterization of Induction motor Internal Faults Using Finite-
Element and Discrete Wavelet Transforms”, /EEE Trans. on Magn.,
vol.42, no.10, pp.3434-3436, 2006.

[3] G.H. Jang, S.J. Park, “Simulation of the Electromechanical Faults in
a Single-Phase Squirrel Cage Induction Motor”, [EEE Trans. on
Magn., vol.39, no.5, pp.2618-2620, 2003.

[4] Jawad Faiz, Bashir Mahdi Ebrahimi and Hamid A. Toliyat, “Effect of
Magnetic Saturation on Static and Mixed Eccentricity Fault
Diagnosis in Induction Motor”, IEEE Trans. on Magn., vol.45, no.8,
pp.3137-3143, 2009.

[5] Jawad Faiz, Bashir Mahdi Ebrahimi, Bilal Akin and Hamid A.
Toliyat, “Comprehensive Eccentricity Fault Diagnosis in Induction
Motors Using Finite Element Method”, IEEE Trans. on Magn.,
vol.45, no.3, pp.1764-1767, 2009.




<<
  /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


