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Application of Radial Basis Neural Network to diagnostics of 
induction motor stator faults using axial flux 

 
 

Abstract. The paper presents diagnostics of induction motor stator faults. The decision on stator winding condition has been taken using the axial 
flux and based on artificial neural network with radial basis transfer function. The axial flux has been measured for different configuration of stator 
winding. On the basis of research it can be concluded that the axial flux can be successfully used in detection of faults in induction motor stator.   
 
Streszczenie. W artykule przedstawiono zastosowanie radialnej sieci neuronowej do diagnostyki maszyny indukcyjnej. Do uczenia sztucznej sieci 
neuronowej wykorzystano pomierzony strumień osiowy. Pomiaru strumienia osiowego dokonano za pomocą cewki pomiarowej nawiniętej wokół 
połączeń czołowych stojana. Uszkodzenia symulowano za pomocą wyprowadzonych zaczepów uzwojenia stojana. Przedstawione wyniki podań 
potwierdzają skuteczność zaproponowanej metody. (Zastosowanie radialnej sieci neuronowej z wykorzystaniem strumienia osiowego w 
diagnostyce silnika indukcyjnego) 
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Introduction 
 The induction machines (IM) are widely used in many 
industrial applications. There is a need for non-invasive 
diagnostic methods which are able to indicate the condition 
of the machine. The monitoring process includes condition 
of stator and rotor windings, asymmetrical position of rotor, 
condition of bearings. The artificial neural network (ANN) 
may draw inferences about condition of IM on the basis of 
spectrum of stator current [3]. The other signals such as a 
value of power, vibrations and axial flux can be used in 
diagnosis process [1]. 
 The main target of diagnosis is detecting any asymmetry 
in IM structure. In general, the machine is working in 
asymmetry state when even one phase has different 
conditions than any other. The asymmetry can be caused 
by faults in electrical system such as break in phase, turn to 
turn shortcuts, phase to phase shortcuts, phase to corpus 
shortcut. The asymmetry in magnetic circuit can be caused 
by air gap, anisotropy of magnetic material, inaccuracy 
during manufacturing process. The asymmetry can be 
observed as pulsation in phase current and torque, losses 
and overheating. Using the positive, negative and zero 
sequence analysis it can be concluded that asymmetry has 
influence in followings: power consumption, increasing of 
phase current, decreasing of torque (by negative sequence 
of torque), decreasing of power on shaft (by negative 
sequence of phase current). 
 
Axial Flux 
A. The measurement of the axial flux 
 In the ideal three-phase induction machine supplied by 
ideally symmetrical source in steady-state the axial flux 
should not occur. Unfortunately the real machines are not 
perfect therefore the axial flux occurs even for symmetrical 
supply. It is an effect of imperfection in a production 
process. Moreover, the symmetry supply is not a trivial task. 
The negative effects of incidence of axial flux are eddy 
current losses in elements near end-turn area and bearings 
damages. Therefore, the axial flux could be a good indicator 
of IM health. 
 To measure the axial flux the search coil was wound 
around end-turn in front of the machine (Fig.1). The coil is 
perpendicular to machine and shaft. It can be seen in Fig.1 
that the search coil measures the sum of flux from stator 
winding and flux from rotor winding. In real machines this 
sum is not equal to zero because of asymmetry in electric 
and magnetic circuits. The frequency spectrum of EMF 
induced in the coil includes frequency of stator current and 

rotor current. Influence of asymmetry in rotor can be 
observed in spectrum by frequencies fnw which can be 
calculated as follows [4] 
 

(1)    snw fsf 21  
 
where: s – slip, fs – supply frequency. 
 

 
Fig.1. The search coil in end-turn area 
 

 
Fig.2. The waveform of EMF induced in the coil 
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Fig.3. Spectrum of EMF induced in the coil 
 
 The waveform of the EMF induced in the coil, at 
symmetrical supply without rotor is presented in Fig.2. The 
spectrum of EMF, in only the low frequency band, is shown 
in Fig.3. The supply frequency (50 Hz) can be observed. 
 
B. Formation of asymmetry in stator winding 
 In order to model the faults in stator windings, each 
phase has been dived into separate parts (Fig.4). The ends 
of coils have been got out of the machine. The asymmetry 
in stator winding has been formed as shortcutting of a coil. 
 

 
 
Fig.4. Formation of asymmetry in stator winding 
 
  
Artificial neural network 
 The numerical technique in signal analysis, classification 
problems and deduction is a difficult task. The artificial 
neural network (ANN) could be very helpful and stand in for 
this task. 
 
A. Structure of ANN 
 For the problem under consideration the ANN has two 
layers. The neurons in first layer have radial basis transfer 
function and linear transfer function in the second layer. 
This type of the ANN is Radial Basis Neural Network 
(RBNN). The structure of RBNN is presented in Fig. 5 [5]. 
The radial basis transfer function can be expressed as 
follows 
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where ci – center, i – spread. The plot of radial basis 
transfer function is presented in Fig. 6. 

 
 
Fig.5. The structure of RBNN 
 

 
 

Fig.6. The plot of radial basis transfer function 
 
B. Training of RBNN 
 The classification problem is realized as a sum of radial 
basis functions. This sum can be expressed as follows 
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 The training process of RBNN is a procedure of 
modifying the weights and biases of each neuron in the 
network. The procedure ends when the minimum of the 
objective function of the following form 
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is achieved. 
 The application of RBNN in diagnosing faults in rotor of 
electrical machines can be found in [2]. 
 
The selected results 
 The developed RBNN has been used for detection of 
faults in a three phase PN=2,2 kW, nN=1420 rpm induction 
motor. 
 For training RBNN the set of measured data has been 
used. The set of data for training consists of 31 samples. 
One sample includes RMS value of the phase current and 
RMS value of the voltage in a search coil. The training 
process has been shown in Fig. 7. 
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Fig. 7. Training process 
 
 The trained RBNN has been used in detection of faults 
in stator windings. The target value was the resistance of 
the phase which depends on the number of shorted turns. If 
more turns are shorted then resistance is smaller. The error 
as a difference between the answer of the RBNN and the 
real value indicates how RBNN has been trained. The 
results have been shown in Fig.8.  
 

 
Fig.8. Answer of RBNN 

Summary 
 In the paper the proposition of application of axial flux in 
diagnosis of faults in induction motor stator winding has 
been presented. The artificial neural network with radial 
basis transfer function has been developed. On the basis of 
obtained results it can be concluded that RBNN can be 
successfully used in detection of faults in induction motor. 
The main disadvantage is training process of the RBNN 
which needs the set of measured data. 
 

REFERENCES 
[1] In tesa r  A., Manzar  A., Comparison of Stator Current, Axial 

leakage Flux and Instantaneous Power to Detect Broken Rotor 
Bar Faults in Induction Machines, 2008 Australasian 
Universities Power Engineering Conference. 

[2] Kamińsk i  M., Or łowska-Kowa lska  T., Kowa lsk i  Cz. T., 
Zastosowanie radialnych sieci neuronowych w detekcji 
uszkodzeń wirnika silnika indukcyjnego, Politechnika 
Wrocławska, Wrocław, Zeszyty Problemowe – Maszyny 
Elektryczne Nr 84/2009. 

[3] Acos ta  G.G. , Ve rucch i  C.J., Ge lso  E.R., A current 
monitoring system for diagnosing electrical failures in induction 
motors, Elsevier Mechanical Systems and Signal Processing, 
20 (2006) pp. 953–965. 

[4] Bacha  K., Henaob  H., Gossa  M., Capo l ino  G.-A., 
Induction machine fault detection using stray flux EMF 
measurement and neural network-based decision, Elsevier 
Electric Power Systems Research, 78 (2008) 1247–1255  

[5]  Matlab, Neural Network Toolbox, ver. 2008a. 
 
 
Author: dr inż. Wojciech Pietrowski, Politechnika Poznańska, 
Instytut Elektrotechniki i Elektroniki Przemysłowej, ul. Piotrowo 3A, 
60-965 Poznań, E-mail: wojciech.pietrowski@put.poznan.pl; 
 
 
 
 

 



<<
  /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


