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Abstract. The paper introduces a new approach, based on the computer-aided monitoring of the motor instantaneous current space phasor (ICSP), 
for diagnosing the occurrence of inter-turn short circuits in the stator windings of operating three-phase induction motors. The proposed diagnostic 
technique generates the motor ICSP, whose modulus through time ripple increases with the severity of the fault and whose phase ripple is 
associated to the faulty phase. It generates also the angular speed of the ICSP that is more sensitive to the stator-winding fault.  
 
Streszczenie. W artykule zaproponowano nowy sposób diagnozowania zwarć międzyswoj9owych stojana na podstawie analizy chwilowej wartości 
fazowa na płaszczyźnie prądowej. (Diagnozowanie uszkodzeń stojana w silniku indukcyjnym na podstawie analizy chwilowej wartości 
fazora na płaszczyźnie pradu). 
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Introduction 

In recent years health monitoring of three-phase 
induction motors, which is considered the workhorse of the 
modern industrial drive systems, has become very 
important to reduce the unscheduled downtimes of the 
appropriate production lines. Almost 40% of all reported 
induction motor failures are caused by insulation damage 
between two adjacent turns in stator coils, therefore many 
research activities has been addressed on the subject of 
on-line detection of inter-turn short circuits in the stator 
winding. Several techniques for health monitoring and fault 
diagnosis of induction motors are based on the processing 
of the stator line currents. Among these, the fault detection 
method based on the stator currents’ Park’s vector 
representation has been demonstrated to be sensitive to 
motor internal faults [1]-[3].  

In the literature, the current Park’s vector approach is 
based on the correspondence between the ellipticity of its 
two-dimensional representation (geometric locus of the 
vector) with the three-phase induction motor malfunctions, 
such as, single-phasing, stator-winding inter turn short-
circuits and rotor faults. The ellipticity of the Park’s vector 
geometric locus increases with the severity of the fault and 
its major axis orientation is associated to the faulty phase 
[5]-[9].  

Another way of finding fault in Park’s vector approach 
consists in watching the influence of the value that the 
modulus of the vector takes through time on the motor 
current frequency spectrum. The existence of an inter-turn 
short circuit in the motor stator winding manifests by the 
presence of a spectral component at twice the fundamental 
supply frequency. The amplitude of this spectral component 
is directly related to the severity of the fault [4].  

The present paper introduces a new approach, based 
on the computer-aided monitoring of the motor 
instantaneous current space phasor (ICSP), for diagnosing 
the occurrence of inter-turn short circuits in the stator 
windings of operating three-phase induction motors. The 
proposed diagnostic technique generates the motor ICSP, 
whose modulus through time ripple increases with the 
severity of the fault and whose phase ripple is associated to 
the faulty phase. It generates also the angular speed of the 
ICSP that is sensitive to the stator-winding fault. The 
investigative study for stator winding fault monitoring by 
using the modulus ripple fault sensitivity and angular speed 
sensitivity of the ICSP was made on a simulated induction 
motor in Simplorer programming medium. 

ICSP’S Modulus and Speed Approach 
As a function of the line currents ia, ib and ic of a three-

phase motor with isolated neutral point, the ICSP is given 
by the following equation: 
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The Simplorer simulation scheme for ICSP modulus and 
phase calculation is shown in Figure 1. 
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Fig.1. The Simplorer simulation scheme for ICSP modulus and 
phase calculation 
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The following relations give the modulus m(t) and the 
angular speed γ(t) of ICSP: 
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In normal conditions, when a healthy three-phase 

induction motor works through a system of balanced 
sinusoidal currents, the geometric locus of ICSP is a circle 
centered in the origin of the plane iα-iβ with a constant 
radius, as it is shown in Figure 2.a.  As a consequence, the 
ICSP modulus is constant and its angular speed is also 
constant, as it is shown in Figures 3.a and 4.a, respectively. 

In the case of a short circuit in one of the stator 
windings, the current of affected phase will be increased 
and the geometric locus of ICSP turns into elliptical shape, 
as it is shown in Figure 2.b. The ICSP modulus will vary 
with a frequency twice the fundamental of supply voltage 
frequency and with a maximum of that ripple centered on 
the maximum of current in faulty phase, as it is shown in 
Figure 3.b. The ICSP angular speed will vary also, as it is 
shown in Figure 4.b.  
 Taking into account the above-mentioned ICSP modulus 
and angular speed changes with the stator winding short 
circuits’ severity, we propose to use these variables as 
detection tools of the stator inter-turn short circuits of 
induction motor. 
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Fig.2. ICSP geometric locus for a healthy induction motor (a) and 
for a fault induction motor with a short circuit in phase “c” 
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Fig.3.a. Line currents and ICSP for a healthy induction motor 
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Fig.3.b. Line currents and ICSP for a fault induction motor with a 
short circuit in phase “c” 
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Fig.4. Phase and angular speed of ICSP for a healthy induction 
motor (a) and for a fault motor with a short circuit in phase “c” 
 
Analyze of new stator winding fault detection tools 

By using Simplorer simulation scheme of Figure 1, has 
been investigate stator winding fault for an 400 V, 50 Hz, 4-
pole induction motor with the following parameters:  
 Stator resistance: 1 Ohm, 
 Stator leakage inductance: 20 mH, 
 Rotor resistance: 0.88 Ohm, 
 Rotor leakage inductance: 13 mH, 
 Main inductance: 0.4 H. 

As short-circuit detection tools have been considered 
the following variables: 
 The increasing of faulty phase current amplitudes in 

respect with the healthy phase current amplitudes, 
 The ICSP modulus ripple amplitudes, 
 The quadratic ICSP modulus ripple amplitudes, 
 The ICSP angular speed ripples amplitudes. 

The short circuits’ severity was varied in 9 steps of 5%, 
from 0% until 40%. 

 

The increasing of faulty phase current amplitudes 
In figure 5 it is shown the short circuits’ severity 
dependences of the faulty and healthy phases current 
amplitudes, for no loaded and loaded induction motor. The 
increasing of the faulty phase current amplitudes is direct 
proportional with the short circuits’ severity. 
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Fig.5. The short circuits’ severity dependences of phase current 
amplitudes for two extreme torque values 
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Fig.6. The relative increasing of faulty phase current amplitudes 
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In figure 6 it is shown the relative increasing of faulty 
phase current amplitudes. The relative increasing is defined 
as the ratio between the absolute increasing and the current 
amplitude of a healthy phase for the same short circuits’ 
severity. It has to note that the load torque has a very small 
influence on the relative increasing. 

 The slope of the relative increasing can be considered 
as a merit number of the faulty phase current amplitudes 
detection tool. In our case its value is MCA = 0.33. 
 

The ICSP modulus ripple amplitudes 
 In figure 7 it is shown the short circuits’ severity 
dependences of the maximum and minimum of ICSP 
modulus ripple amplitudes for two extreme values of the 
load torque. 
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Fig.7. The short circuits’ severity dependences of the extreme 
values of ICSP modulus ripple 
 

The short circuits’ severity dependences of the relative 
amplitudes of ICSP modulus ripple are shown in figure 8. 
The average value of the ICSP modulus, for a given torque, 
is adopted as the reference value for the relative 
dependence. As it is shown, the load torque has a small 
influence on this dependence. The merit number of this 
detection tool has the value MI1 = 0.44. 
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Fig.8. The short circuits’ severity dependences of the relative 
amplitudes of ICSP modulus ripple 
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Fig.9. The short circuits’ severity dependences of the quadratic 
ICSP modulus ripple 

The quadratic ICSP modulus ripple amplitudes 
In figure 9 it is shown the short circuits’ severity 

dependences of the maximum and minimum of quadratic 
ICSP modulus ripple for two extreme values of the load 
torque. Its corresponding relative dependence is shown in 
figure 11. 
 
The ICSP angular speed ripple amplitudes 
 In figure 10 it is shown the short circuits’ severity 
dependences of the maximum and minimum values of ICSP 
angular speed ripple amplitudes for two extreme values of 
the load torque. These dependences have two positive 
characteristics: the linearity and the lack of the load torque 
influence. 
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Fig.10. The short circuits’ severity dependences of the ICSP 
angular speed ripple amplitudes 
 

The short circuits’ severity dependences of the relative 
ICSP angular speed ripple amplitudes are shown in figure 
11. The reference value for this relative dependence is the 
average value of the angular speed for various short 
circuits’ severity percent. The linearity of these 
dependences is high and the lack of the load torque 
influence is also an advantage. The merit number of the last 
two detection tools are the same and has the value MI2S = 
0.86. 
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Fig.11. The short circuits’ severity dependences of the relative 
ICSP angular speed ripple amplitudes 
 
Conclusions 

This paper introduces a new approach, based on the 
computer-aided monitoring of the instantaneous current 
space phasor (ICSP), for online diagnosing the occurrence 
of inter-turn short circuits in the stator windings of three-
phase induction motor. 

The online diagnosis is based on the identifying the 
modulus and the angular speed of the ICSP, whose ripples 
increase with the fault severity and whose phases are 
associated to the faulty phase. 



PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 1a/2012                                                 111 

Four stator short circuit detection procedures, which 
use the following variables, have been analyzed: 
 The increasing of faulty phase current amplitudes in 

respect with the healthy phase current amplitudes, 
 The ICSP modulus ripple amplitudes, 
 The quadratic ICSP modulus ripple amplitudes, 
 The ICSP angular speed ripples amplitudes. 

The efficiency of these procedures has been 
appreciated with merit numbers, defined as the slope of its 
relative short circuits’ severity characteristics. The merit 
numbers evaluate the diagnosis sensitivity of procedures. 
The last two procedures have the highest merit numbers 
and can be recommended as online short circuits’ detection 
tools. 
 

REFERENCES 
[1] A. J. M. Cardoso, S. M. A. Cruz and D. S. B. Fonseca, “Inter-

Turn Stator Winding Fault Diagnosis in Three-Phase Induction 
Motors, by Park’s Vector Approach,” IEEE Trans. Energ. 
Conv., vol. 14, no. 3, Sep. 1999, pp. 595-598. 

[2] H. Nejjari and M. E. H. Benbouzid, “Monitoring and Diagnosis 
of Induction Motors Electrical Faults Using a Current Park’s 
Vector Pattern Learning Approach,” IEEE Trans. Ind. Appl., 
vol. 36, no. 3, May/June 2000, pp. 730-735. 

[3] M. E. H. Benbouzid, „A Review of Induction Motors Signature 
Analysis as a Medium for Faults Detection,” IEEE Trans. Ind. 
Electron., vol. 47, no. 5, Oct. 2000, pp. 984-993. 

[4] S. M. A. Cruz and A. J. M. Cardoso, “Stator Winding Fault 
Diagnosis in Three-Phase Synchronous and Asynchronous 

Motors, by the Extended Park’s Vector Approach,” IEEE 
Trans. Ind. Appl., vol. 37, no. 5, Sep./Oct. 2001, pp. 1227-
1233. 

[5] G. G. Acosta, C. Verucchi, M. Peñalva, E. Gelso and E. 
Villamayor, “Sistema de Monitoreo y Diagnóstico de Fallas 
para Motores de Inducción,” Latin American Conf. on 
Automatic Control, Guadalajara, México, 2002. 

[6] D. L. Milanez and A. E. Emanuel, “The Instantaneous-Space-
Phasor: a Powerful Diagnosis Tool,” IEEE Trans. 
Instrumentation Measurement, vol. 52, no. 1, Feb. 2003, pp. 
143-148. 

[7] J. F. Martins, V. Fernão Pires and A. J. Pires, “Unsupervised 
Neural-Network-Based Algorithm for an On-Line Diagnosis of 
Three-Phase Induction Motor Stator Fault,” IEEE Trans. Ind. 
Electron., vol. 54, no. 1, Feb. 2007, pp. 259-264. 

[8] C. J. Verucchi, G. G. Acosta and F. A. Benger, “A Review on 
Fault Diagnosis of Induction Machines,” Lat. Am. Appl. Res., 
vol. 38, no. 2, Bahia Blanca Apr./Jun. 2008, pp. 113-121. 

[9] S. Das, P. Purkait and S. Chakravorti, “Space-Vector 
Characterization of Induction Motor Operating Conditions,” in 
“Proc. of Fifteenth Nat. Power Systems Conf. (NPSC),” IIT 
Bombay, Dec. 2008, pp. 512-517. 

 
 
Authors: prof. dr ing. Aurelian Crăciunescu, E-mail: 
aurelian.craciunescu@upb.ro; assoc. prof. dr. ing. Gloria Stefania 
Ciumbulea, E-mail: ciumbulea@yahoo.com; ing. Marius Media, E-
mail: mediamarius@yahoo.com; University “Politehnica” of 
Bucharest, Electrical Engineering Faculty, Splaiul Independentei 
313, 060042-Bucharest, ROMANIA. 

 



<<
  /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


