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Quasi-online Condition Monitoring Method of DC-Link Capacitor of Wind Power Converter
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(1. The Key Laboratory of Control of Power Transmission and Conversion of Ministry of Education, Shanghai Jiao Tong University,

Shanghai 200240, China; 2. Shaanxi Luneng Jingbian Wind Power Co., Ltd., Xi’an 718500, China)

Abstract: DC-Link capacitor is one of the most important but vulnerable devices of wind power converters, its condition
monitoring can improve system reliability. This paper proposes a quasi-online condition monitoring method for DC-Link
capacitor of wind power converter. Firstly, DC charging current of DC-Link capacitor is reconstructed with AC-side cur-
rent during pre-charging process. The voltage and current waveforms of capacitor during pre-charging stage are accurately
fitted with second-order exponential functions. The parameters of fitting functions are taken as eigenvalues, measured
condition parameters (C and Resr) are used as corresponding output of eigenvalues. Then mapping relation between ei-
genvalues and the output is build with samples obtained by experiments. Finally, multi-output least-squares support vector
regression machines (MLSSVR) algorithm is adopted to perform learning and training with the data set, and to establish
regression model between eigenvalues and condition parameters of capacitor. The proposed method does not rely on extra
hardware circuit and modifying existing control algorithm of converters. The experiment results could verify the validity
of the method in this paper.

Key words: wind power converter; DC-Link capacitor; condition monitoring; pre-charging circuit; support vector re-

gression algorithm
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THE OFIED (FF1EJ) GFIERD  GFFIER)
6 1.403 2 1.398 4 0.116 5 0.1203
5 1.360 3 13556 0.1228 0.126 8
4 13178 13132 0.1289 0.133 1
3 12749 12705 0.136.0 0.140 4
2 12324 12281 0.1427 0.1474
1 1.1915 1.187 4 0.1500 0.1549
0 1.150 4 1.146 4 0.1597 0.1649
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(c) C=1.146 4 mF; R;;=0.164 9 Q
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Fig.9 Experimental waveforms of DC voltage and current

under different conditions of capacitor
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Table 3 Performance comparison among fitting functions

WA SSE/10¢ R? RMSE &=
Fourier(3 ffY) 3317 0.9987 1.052 8
Gaussian(3 /) 7.491 0.9714 4.998 9
Polynomial(6 ) 3.286 0.9987 1.047 7
Sum of Sine(4 ") 3.620 0.9986 1.099 12
Exponential(2 ) 1.378 0.9995 0.6777 4
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Fig.10 Fitting curves under different capacitor conditions . .
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Mk A

Fourier (3 Bf1):

f(x)=a, +a cos(xw)+ b, sin(xw) + a, cos(2xw)

+b, sin(2xw) + a, cos(3xw) + by sin(3xw)

Gaussian (3 f1):

(AT

[ =a exp(~((x=b)e,)’) + a, exp(~((x=b,)/¢,)") +

ayexp(—((x—b,/c,))

Kby AREEYE; J, APINESE: wi ARE R
; n NIRGEIE &
PR ZE (root mean squared error, RMSE)ZiA =

N

1 A
> W, =)
n i
J~F 5 Fl(total sum of square, SST)FIAF N

1 _
Sy :;Zwi(yi _yi)2
i=1

(B2)

(B3)

(A2)
Polynomial (6 F): —. o <
ynomial (6F): - O sl
f(xX)=p X"+ pyx” 4+ p3x" 4 pX + psxT 4+ pX 4+ p NN N
: : s ’ ‘ ! 22777 Ml(sum of square due to error, SSE)#
Sum of Sine (4 fT): . .
. . W
f(x)=a,sin(bx + c))a, + a, sin(b,x + c,)
: b : b (A4) 2 1 “ A N2
+ay sin(byx + ¢;) + a, sin(b,x + ¢;) 174 :_ZWI'()’;_J’/') (B4)
. niz
Exponential (2 ff1): =l
N ==1 3 YRR S
7(x) = aexp(bx) + cexp(dy) (A5) HERB R A
13 A N2
Bﬁ% B 72 7zwi(yi_yi)
> R? = —1_ =
- S_ e (BS)
NN N N T - -7.)?
)77 1% % (mean squared error, MSE)RIAZ N . > w (=)
i=1
1 A N2
S:_Zwi(yi_yi) (B1)
n o
B C
#Cl LA &
Table C1 Eigenvectors
s A s R RIS S8 A IR S SR
WA I =~ C/mF Resr/Q
a b c d h g P q
1 149.519 0.474 ~147.601 —46.479 7.871 —62.787 1.180 1.171 13984 0.1203
2 149.081 0.483 ~146.850  —45.040 7.996 ~61.094 1.193 1.155 13556 0.1268
3 148.770 0.481 —146.908 —43.584 7.832 —58.943 1.216 0.929 1.3132 0.1331
4 148.282 0.486 —146.134 —42.284 7.871 —57.263 1.238 0.916 1.2705 0.1404
5 147.918 0.490 —145.938 —40.998 7.843 —53.821 1.134 1.554 1.2281 0.1474
6 147.559 0.492 —145.590 -39.776 7.799 —51.517 1.125 1.711 1.1874 0.1549
7 147.185 0.504 —144.501 —38.713 7.966 —53.069 1.213 1.246 1.1464 0.1649
®C2 RAME C TINEER # C3  Resr Tl 25 R
Table C2 Prediction results of capacitance C Table C3  Prediction results of Resr
S FK MLSSVR k-l Lasso g sk MLSSVR k-l Lasso
G5 Af/mF — - = - R 1)
BT T g e BN 2 BONE B W0 S e WE vE BE R
/mF 1% /mF 1% /mF 1% 0 1% o) 1% 0 1%
1 1.398 1.395 0.24 1.423 1.79 1.412 1.00 1 0.120 0.122 1.41 0.124 3.33 0.116 3.33
2 1.356 1.353 0.19 1.367 0.81 1.367 0.81 2 0.127 0.127 0.05 0.131 3.15 0.126 0.78
3 1313 1315 0.15 1.324 0.83 1.310 0.22 3 0.133 0.133 0.01 0.133 0.05 0.134 0.75
4 1271 1.266 0.36 1.259 0.94 1.260 0.87 4 0.140 0.141 0.20 0.138 1.40 0.143 2.14
5 1.228 1.229 0.03 1.218 0.81 1.216 0.98 5 0.147 0.147 0.58 0.142 3.40 0.150 2.04
6 1.187 1.187 0.05 1.182 0.42 1.183 0.33 6 0.155 0.156 0.70 0.150 3.22 0.160 3.21
7 1.146 1.148 0.11 1.140 0.52 1.138 0.70 7 0.165 0.163 1.03 0.158 4.24 0.168 1.81





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


