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Experience with optical partial discharge detection
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Partial discharge (PD) diagnostics was used to evaluate electrical insulations of high voltage equip-
ment as a quality control and to detect insulation deterioration. Improvements, new developments as well
as lower costs of sensors, electronics and processing units are some reasons for the increasing usage of
PD measurements. The paper presents investigations in the area of optical partial discharge measurement
technique. In an overview, PD measurement systems were presented, advantages and disadvantages of the
optical method were discussed. An unconventional optical partial discharge detection system was devel-
oped and comparative measurements to a conventional electrical PD measurement system were accom-
plished. The system was tested by using a PD source in air or alternatively in oil to evaluate the sensitiv-
ity and the impulse behaviour in correlation to the conventional measurement technique.
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1. Introduction

Partial discharges are local enhancements of the electric field in the area of inho-
mogeneities, either in gaseous, liquid or solid media. The presence and the strength of
partial discharges are criterions for the evaluation of the insulation quality of the elec-
trical equipment. On one side, partial discharges only have a small short time of influ-
ence on the electrical firmness of electrical resources. On the other side, a long time of
influence shows a destructive effect predominantly on organic insulation systems,
which degrade the electrical characteristics of the insulation or the insulation systems.
This can lead to a breakdown and a failure of the electrical resource.

The partial discharge measurement is a sensitive, non-destructive method for test-
ing and monitoring the condition of insulation of a high voltage equipment. Various
techniques are used for detection and localisation. Apart from the conventional current
pulse flowing in the circuit, partial discharge activity can also generate weak light,
acoustic signal, local temperature rise, etc. Various techniques have been explored to
measure partial discharge activities in various apparatuses.
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2. Basics

For the measurements, physical effects such as optical, chemical, electrical and
acoustical appearances, were used.

2.1. Optical partial discharge detection

The optical partial discharge detection is based on the detection of light produced
as a result of various ionization, excitation and recombination processes during the
discharge. However, the optical spectrum of different types of discharge is not the
same.

The amount of the emitted light and its wavelength depends on the insulation medium
(gaseous, liquid or solid) and different factors (temperature, pressure etc.). Thus the spec-
trum of the light emitted by partial discharges depends on the surrounding medium and the
intensity of the discharge. The optical spectrum extends from the ultraviolet over the visi-
ble range into the infrared one [1]. For example the wavelength of faint corona is lower
than 400 nm. The main part falls in the ultraviolet region. The wavelength of a strong flash
discharge is between 400 nm and 700 nm. The spectrum of surface discharges along a
solid dielectric is more complex and influenced by many factors such as solid material,
surface condition including composition of gases etc. [2].
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Fig. 1. Typical emission spectra: a) corona discharge, b) discharge in oil

In gases under low pressure, a very small fraction of the energy (1%) of the partial
discharge may be emitted as light [3]. In liquids and solids, this part is still smaller in
comparison to the total energy. In a rough approximation, the light emitted by partial
discharge is proportional to their charge. Nitrogen dominates the optical spectrum of
discharges in air. 90% of the total energy of the emitted optical spectrum of PD is in
the ultraviolet region. The corona discharge emits radiation in the 280—405 nm spec-



Experience with optical partial discharge detection 1141

tral range, mostly in the ultraviolet (UV) (Fig. 1a). The main part of the emission is
invisible to the human eye. A relatively weak emission at about 400 nm might be ob-
served at night under conditions of absolute darkness.

Hydrogen however has its emission spectrum in the visible region and a smaller
part in the infrared one. The spectrum of SF¢ lies in the ultraviolet and in the blue
-green region of the visible light. Transformer oil exhibits emission in the range from
350 nm to 700 nm, depending on oil composition (Fig. 1b). The emission spectrum of
oil is predominantly formed by hydrogen and hydrocarbons such as methane, ethane
and ethyl.

2.2. Classification of the measurement techniques

Radiation due to electrical discharge may lie in the ultraviolet, visible or infrared
region. Depending on the wavelength range of the spectrum, sensors with various
optical systems should be chosen: UV corona scopes, night vision, low-light enhan-
cers, photodiodes, photomultipliers.

Three categories of optical PD detectors are available: imaging, quantitative non-
imaging and optical/electric detectors

Two different measuring techniques (applications) can be used. The techniques for
the optical detection on the surface of the electrical equipment (A) and techniques to
detect the optical signal inside of equipments in combination with fibre optic cables as
sensors and as transport media for the optical signal (B).

A. Surface discharge outside the equipment. UV radiation emission measurements
and observations with a night-vision device for detection of corona and other electrical
discharges on surfaces are used. With a daylight-UV inspection camera corona and
arc localization can be accomplished at high voltage transmission lines and in power
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Fig. 2. Operation diagram camera DayCor II™ [4]
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stations. The DayCor® corona camera is a bi-spectral Solar Blind UV—Visible imager [4].
The UV channel works within the so-called sun blind range from 240 nm to 280 nm of
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the UV region. In this wavelength range, the UV radiation of the sun is absorbed per-
fectly by the ozone layer before reaching the earth. Due to this particularly developed
filter, those UV rays can be produced by fires or electrical discharges also by day
without the sunlight.

The camera has two representation channels and contains an UV sensitive channel
for the corona discharge and the second within the visible range for the admission of
the environment. Both images are superposed and result in a video picture (Fig. 2).

B. Surface discharge “inside” the equipment. If a high voltage equipment is en-
closed and light tight as transformer or GIS (environment light are totally enclosed),
an optical detection under the use of fibre optical technology is possible. An optical
fibre collects the light produced by partial discharges inside the equipment and trans-
mits the signal outside to a detection unit. The optical characteristics of different fibre
optic cable and optical detector materials (the relative spectral sensitivity in function
of the wavelength) must be considered.

2.3. Opto-acoustic partial discharge measurement

A modified form of optical detection is to influence an optical signal within a fibre
optic cable by the acoustic wave (pressure) produced by the partial discharge. During
a partial discharge in gas or oil, an acoustic wave in the sonic and ultrasonic range is
generated. If a PD in the surrounding medium arises, the pressure wave results in
a deformation of an optical fibre and its optical transmission characteristic is changed.
It comes to a mechanical stress and a stretch of the fibre and an influence of the used
polarized light by this fibre too. The result is a change of the optical distance as well
as the polarization condition. This fact is used by the opto-acoustical sensor principle.
So the optical fibre methods involve optical phase modulation by the pressure. Inter-
ferometry is used and intrinsic interferometers based on optical fibre.
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Fig. 3. Experimental setup of the optical interferometric detection of PD [5]

Figure 3 shows the scheme of the Mach—Zehnder interferometer with optical fi-
bres in the reference and sensing arms. Both arms have the same lengths and are con-
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structed with identical coils. The sensing optical fibre coil is in the oil tank and can be
affected by the partial discharge signal (pressure), the other fibre is isolated from the
impact of the acoustic wave and used as the reference arm for the optical path of the
light. The interferometer is illuminated with a coherent light source. A beam splitter is
used at the laser output to divide the light for the two fibre coils and also a mixer is
used for the recombination of the two beams focused onto the optical detector [5].

The partial discharge measuring technique as a part of the insulation diagnose is
an object of investigations at the Institute of High Voltage Engineering and System
Management at the University of Technology in Graz. A scientific project deals with
the economic possibilities of the optical detection of partial discharge with special
fibre optic cables and the acquisition of the impulse behaviour of PD in various isolat-
ing media.

3. Investigations

An optical system for PD detection for converting the light into electrical signals
and a detection unit was developed. The system consists of a lens or alternatively
a special fluorescent fibre optic cable in front of a conventional fibre optic cable,
which is connected to a photodiode alternatively to a photomultiplier for the conversa-
tion of the light into an electric signal. Various procedures of the light linking into the
fibre optic cable, as well as various geometrical arrangements to the source of partial
discharges were analysed. One method is to use a lens system in front of the optical
fibre. Another method is using a fluorescent optical fibre, whereby the light penetrates
over its surface into the fibre (Fig. 4). The light signal is coupled into the optical fibre
and at the end of the fibre the signal is transmitted to the photodiode and/or a pho-
tomultiplier and the amplifier circuit.
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Fig. 4. Optical fibre arrangement in front of a peak electrode:
a) lens and conventional optical fibre,
b) fluorescent and conventional optical fibre
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A peak-plate arrangement as a test setup is used for the PD measurement. The dis-
tance between the peak and the plate can be changed in a range 1-20 c¢cm, and the volt-
age supply from 0 to 100 kV. As isolating media, air or oil (transformer oil) under
normal pressure are used. The experimental setup is placed in a shielded and darkened
high voltage room in order to prevent influences from outside.

Investigations with an conventional detection systems according to IEC 60270 in
comparison to the optical system were carried out. The PD pulses were observed si-
multaneously by the used systems. Further investigations about the PD impulse behav-
iour at ac and dc were made.

4. Test results

In Figure 5, PD impulses in air are shown measured by conventional and optical
measurement systems.
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Fig. 5. Conventional detected PD signal (2) and optical detected impulses (1)
in air with: a) fluorescent fibre, b) lens
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Fig. 6. Output voltage of the optical system as a function of the apparent
charge during angle (0°-2.3°) dependent light linking (air, lens)
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The PD impulses (Fig. 5) measured with the optical system (1) show the rise time
ca. 5 ns and the impulse duration of ca. 20 ns. The signal processing of the used con-
ventional system (2) results in the time delay of about 1us and also an signal extension
of about 2.5 ps. There is a good correlation between the conventional measured PD
signal (in air) and the output signal from the optical system (Fig. 5 and Fig. 6). By
varying the angle to the PD source between the peak and the sensor (lens + optical
fibre), a change in the peak value of the light pulse was observed as shown in Fig. 6.

In oil, the detected discharges are scattered in amplitude and shape. Positive
streamers show a superposition of fast pulses and negative streamers are composed of
a burst of fast pulses of growing intensity. The PD impulse amplitude and the repeti-
tion rates were randomly distributed within the acquisition period.
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Fig. 7. Comparison of a conventional Fig. 8. The relationship of the optical
detected PD signal (2) and optical signal and the discharge level in air and in oil
detected impulses (1) in oil at the same arrangements

The result (Fig. 7) shows that the conventional PD system (2) with the limited
bandwidth of the measuring technique cannot correctly represent fast impulses in oil.
A dependence of the detected single impulses of the optical system (1) on the result of
the conventional PD measurement (2) could not be found (exception: occasionally
arising single pulses with a larger pulse interval). Both the air and the oil gap condi-
tions were measured and the relationship between the electrical and optical signal is
shown in Fig. 8.

In air and in oil different discharge behaviours, optical absorptions, as well as dif-
ferent spectral regions of the radiated light are present. This also influences the charac-
teristic of the optical system change, evidently caused by the large differences in the
received output signals (Fig. 8).

5. Conclusions

The optical measurement is a sensitive method in comparison to the conventional
electrical techniques especially by on-site measurements. Other advantages of this
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method are the immunity to EMC and insensitivity to electromagnetic and acoustic
interference sources. Thus the light detection is not affected by the environmental
noise and highly flexible and large bandwidths of the system. Furthermore, the optical
partial discharge detection can be simply used under impulse voltage condition.

Air and SF¢ are almost to 100% transparent, thus the light can be detected from
a lager distance. Adverse in liquids and solid insulations, a section or the whole emit-
ted light will be absorbed and no detection is possible. Also in comparison with the
conventional measuring the optical detection of PD cannot be calibrated.

References

[1] ScHwWARZ R., Optische Teilentladungsdiagnostik fiir Betriebsmittel der elektrischen Energietechnik,
Dissertation, TU, Graz, 2002.

[2] CHEN G., YANG X., MING Y., XIAOLONG C., CHANGRONG Q., Comparison between optical and elec-
trical methods for PD measurement, The 6th International Conference on Properties and Applica-
tions of Dielectric Materials, Xian, June 2000.

[3] ForsYTH K.W., Optical partial discharge detection, Iris Rotating machine Technical Conference,
March 1998.

[4] [http://www.daycor.com]

[5] MAciA-SANAHUIA C., L-RIVERA H., Wavelet analysis of partial discharges acoustic waves obtained
using an optical fibre interferometric sensor for transformer applications, 0-7803-7912-8/03/ 2003
IEEE.

Received 16 April 2007
Revised 9 August 2007




<<
  /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 false
  /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 [481.890 680.315]
>> setpagedevice


