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Abstract: This paper dealt with the frequency component analysis of acoustic signals produced by corona
and series—arc discharges as a diagnostic technique for closed-switchboards. Corona and series—arc
discharge were simulated by a needle-plane electrode and an arc generator specified in UL1699,
respectively. Acoustic signal was detected by a wideband acoustic sensor with a frequency bandwidth of
4 Hz~100 kHz (-3 dB). We analyzed frequency spectrums of the acoustic signals detected in various
discharge conditions. The results showed that acoustic signals mainly exist in ranges from 30 kHz to 60
kHz. From the experimental results, an acoustic detection system which consists of a constant current
power supply (CCP), a low noise amplifier (LNA) and a band pass filter was designed and fabricated.
The CCP separates the signal component from the DC source of acoustic sensor, and the LNA has a
gain of 40 dB in ranges of 280 Hz~320 kHz. The high and the low cut-off frequency are 30 kHz and 60
kHz, respectively. We could detect corona and series—arc discharges without any interference by the
acoustic detection system, and the best frequency is considered in ranges of 30 kHz~60 kHz.

Keywords: Frequency component, Acoustic signal, Diagnostic technique, Closed-switchboards, Corona
discharge, Series arc
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Fig. 1. Statistics of electrical accident in power facilities.
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Fig. 2. Blockdiagram of the acoustic signal measurement
system.
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Fig. 3. Structure of the needle-plane electrode.
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Fig. 4. Photograph of the arc generator.
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Fig. 5. Configuration of the experimental set—up.
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Fig. 6. Typical waveform of acoustic signal (corona
discharge by needle-plane electrode).
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Fig. 7. Example waveforms and frequency spectrum
(corona discharge by needle-plane electrode). (a) acoustic
frequency spectrum of

signal (b) current pulse (c)

acoustic signal.
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Fig. 8. Example waveforms and frequency spectrum
(series arc discharge by carbon-copper electrode). (a)
acoustic signal (b) current pulse (c) frequency spectrum
of the acoustic signal.
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Fig. 9. Example waveforms and frequency spectrum

(series arc discharge by wire-wire electrode). (a)
acoustic signal (b) current pulse (c) frequency spectrum

of the acoustic signal
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Fig. 11. Frequency response of the prototype CCP.
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Fig. 12. Circuit of the low—noise amplifier.
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Fig. 13. Frequency response of the low-noise amplifier.

Vee

U1 0
1 16 R 1 6
as
CII NE] 2 Fx cz‘L
= 3 3 T
. =
ch‘ R4 s . R3
L o
RY 7] =
RIL R
INPUTI—AAN— CINPUT2
OUTPUTI>—————————

L OUTPUT2

Fig. 14. Circuit of an active band-pass filter.
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Fig. 15. Frequency response of the band-pass filter.
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Fig.
corona discharge (b) series arc discharge(carbon-copper)

16. Example waveforms of acoustic signals. (a)

(c) series arc discharge(wire-wire).

SREELER!
o thstel 7143t
1

Adola W WA A SFNEY F
27 e, of

B oAve ngnsene dwdrAgne] Ao
S tgon FaE ATAH

REFERENCES

[1] I. K. Kim, D. W. Park, S. Y. Choi, C. Y. Park, H. K.
Kim and G. S. Kil, J. KIEEME, 21, 182 (2008).

[2] J. C. Fothergill, L. A. Dissado and P. J. J. Sweeney,
IEEE Trans. Dielectr. Electr. Insul., 1, 474 (1994).

[3] R. M. Eichhorn, IEEE Trans. Dielectr. Electr. Insul,
EI-12, 2 (1976).

[4] G. D. Gregory, K. Wong, and R. F. Dvorak, IEEE
Trans. Ind. Appl, 40, 1006 (2004).

[5] Peter H. F. Morshuis, IEEE Trans. Dielectr. Electr.
Insul., 12, 905 (2005).

[6] G. S. Kil, S. W. Kim, D. W. Park, S. J. Kim and
J. M. Song, J. KIEEME, 23, 53 (2010).

[71 K S. Jung, D. W. Park, H K Cha, S. W. Cha, G. S. Kil,
J. KIEEME, 24, 319 (2011).

[8] Underwriters Laboratories, UL1699-Standard for
Arc-Fault Circuit-Interrupters (2006) p. 49.

[91 G. D. Gregory and G. W. Scott, IEEE Trans. Ind.
Appl., 34, 928 (1998).




<<
  /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 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


