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Abstract. The partial discharge (PD) phenomenon is very harmful for electrical appliances and
its early detection could be a cost effective approach for the industry. Although many techniques
are used for PD detection yet no technique has presented widely acceptable solution. Still the
subject needs parallel study of the detection techniques. In this experimental, multimode fiber
(MMF) was placed in oil tank. The PD induced acoustic emission (AE) inside the insulation oil.
PD signal has been captured by using step-index multimode of fiber optic sensor (FOS). The
results shows FOS has good sensitivity in the range of applied high voltage 10 kV.

Keywords: acoustic emission, optical fiber sensor, multimode optical fiber, oil-insulation
transformer.

1. Introduction

PD has attracted much attention due to the high financial outlay needed to repair the damage
it causes. A high voltage network system has a number of heavy transformer installations which
continuously work to distribute electricity to substations. Stability of any power system network
determines the life time of the high voltage equipment installed in the network. The expensive
components of the high voltage equipment are the power transformers which are expensive and
can incur high repair costs. Each fault on a single unit of the heavy transformer installations has a
huge financial impact on the maintenance cost of the installations. Hence, continuous operational
monitoring is very important. Failures due to PD cause deterioration of the high voltage network
system performance and result in breakdown, fires and damage to the system. PD detection
technique is widely used for high voltage equipment protection, insulation condition monitoring
and general high voltage network assessment. Hence, a good understanding of PD mechanisms,
its characteristics and development processes are important. Insulation of the high voltage network
system has a high risk for dielectric stability when PD occurs. Therefore, continuous measurement
and monitoring of PD is important so that preventive actions can be taken to avoid equipment
damage.

At the present moment, modern testing procedures are available to monitor high voltage
insulation in the high voltage network system. There is now a new trend to monitor high voltage
insulation using sensitive predictive diagnostic tools. PD results in many different physical
phenomena such as electromagnetic emission (in the form of radio wave, light or heat), acoustic
emission (in the audible and ultra-sonic ranges), ozone formation and nitrous oxide gas discharges
[1]. PD occurs when the insulation of high voltage network system deteriorates or degrades. For
this reason, it has been used as a tool to predict and detect possible insulation failure of the system.
The frequency and intensity of PD are the main quality criteria to estimate the life span of the high
voltage network system.

In power transformers, high non-uniform electric field is present near the vicinity of devices
which produce degradation and aging effect for insulators. This micro discharge activity near the
high voltage devices is called PD phenomenon which generates energy that can be measured and
used for the diagnostic and monitoring study of power transformer before complete failure [2].
The PD emitted energy as electromagnetic emission, acoustic emission and ozone and nitrous
oxide gases. We can use this emitted energy to detected PD signal [3]. High Voltage equipment
and High Voltage installation owners have come to terms with the need for conditions monitoring
process of PD in equipment such as power transformers, gas insulated substations (GIS) and cable
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installations [4, 5]. Stability of any power system network is determined mainly by the high
voltage equipment used. Failure of this equipment is normally related to PD activity which
deteriorates the system performance and can lead to breakdowns, fires or irreparable damage to
the system. PD detection is necessary as precautionary measures to ensure that high voltage
equipment insulation is not exposed to any unnecessary hazards. A good understanding of PD
mechanisms, characteristics and its development processes is essential for power systems designer
and power systems installation maintenance engineer. There is a high risk of insulation system
dielectric instability when PD occurs. Therefore, measurement and monitoring of PD is an
important preventive tool to safeguard high-voltage equipment from wanton damage. Techniques
for detecting PD depend on what different physical properties which accompany the occurrence
of PD are measured. Known physical properties which have been used in the measurement include
electromagnetic emission (in the form of radio wave, light and heat), acoustic emission (in the
audible and ultra-sonic ranges), ozone formation and the release of nitrous oxide gases. PD
detection, measurement and monitoring on high voltage equipment are done to determine various
problems of insulation deterioration and degradations. It has been used as a tool for prediction and
early detection of possible insulation failure of the equipment. The quantity and magnitude of PD
are the main quality characteristic to estimate the lifelong of high voltage equipment. In
conventional approaches of PD detection of high-voltage power equipments uses electrical,
chemical, acoustic and optical detection techniques. PD is caused by small electrical sparks
present in an insulation medium as a result of electrical breakdown due to highly non-uniform
electric field within gas condition that exist in void spaces of the medium. PD occurs when the
electric field exceeds local ionization threshold of dielectric insulation. During PD, energy is
emitted in the form of electromagnetic emission, radio waves, light and heat and also as AE in the
audible and ultrasonic ranges [6]. The ultrasonic pressure waves which have a frequency spectrum
(in oil) within a wideband range from 10 kHz to 500 kHz can be used to detect the intensity and
location of PD signal [7]. In this paper, the characteristics of acoustic sensor multimode FOS has
been successfully explored.

2. Calibration of the sensor

The schematic illustration of experimental setup is described in Fig. 1 in which light source
consist of a LED (850 nm) with output power 0.01 mW. The light is sent through MMF and the
optical signal of light source is received by a photodetector (PD1) which is also connected with
MMF by means of fiber coupling adapter. The MMF is a graded index fiber with core diameter
(50um) and its cladding diameter with acrylate coating layer is 125 pm. The acrylate material has
narrow band pass sensitivity to ultrasound of AE which can give good results in oil insulation.
Both sensors FO and PZT sensor were dipped in oil tank (20x15%10 cm) for the detection of AE
in insulation oil. The distance of FO was 3 cm from the AE source (optical breakdown of laser)
while the distance of PZT sensor was 4 cm. The AE was induced by optical breakdown of Nd:
YAG laser having a shot of pulses with (600 V, 55 mJ). The outputs of optical signal of light for
both sensors were recorded by digital oscilloscope which is shown in Fig. 2. The graph of acoustic
signals detected by two acoustic sensors FO and PZT sensor is shown in Fig. 2. The output of
acoustic signals of both sensors in time domain analysis indicates that, the acoustic signal
comprises sinusoidal pulses with gradual decrease in intensity.

Two acoustic signals have the same time period (1 ps) with voltage (5 mV) with frequency
180 kHz of AE generated by optical breakdown of laser, which is considered a perfect value for
detection of AE (Lundgaard 1992; Kawada et al. 1984; Howells et al. 1981; Eleftherion 1999).
An analysis of detected acoustic signals depicted in Fig. 3 dictates that both sensors are eligible to
provide interesting information of acoustic signal induced by optical breakdown of Nd: YAG laser
in oil. A typical shape of acoustic signal of both sensors is shown in Fig. 4 which gives information
of peak values of signals. The peak value of FO sensor has a high 0.015 V, while PZT sensor has
low peak signal 0.002 V. It was also observed that acoustic signal of PZT sensor has a multi
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reflection due to degeneration of received signal while FO sensor has detected a clear acoustic
signal. On the base of time domain analysis of acoustic signals one could conclude that multimode

FO sensor can act as high sensitive acoustic sensor.
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Fig. 1. Experimental setup of FO and PZT sensors dipped in an oil tank
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Fig. 2. Image of optical breakdown along with FO and PZT sensor in an oil tank

Fig. 3. The graph of acoustic signal detected by FO
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Fig. 4. Typical shape of acoustic signal of FO
and PZT sensors
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In frequency domain analysis the Figs.5-7 shows the Fast Fourier Transform
(FFT) analysis of stored data of time domain signals of photodetector was performed for both
sensors.
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Fig. 5. FFT spectrum of acoustic signal at frequency 180 kHz in oil
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Fig. 7. a) Frequency response of FO, b) Frequency response of PZT sensors in oil

Fig. 5 shows FFT of amplitude spectrum of both sensors (a) spectrum of FO sensor (b)
spectrum of PZT sensor. Fig. 5(a) shows acoustic wave of FO sensor with range (10-450 kHz), it
can observed the frequency response of FO sensor consist of series of peaks which have maximum
amplitude (0.1 mV/Hz) at frequency 180 kHz. While PZT sensor has one peaks which have
maximum amplitude (0.4 mV/Hz) at frequency 180 kHz. That mean amplitude of FO sensor much
higher than PZT sensor. Fig. 6 shows histogram of amplitude with distance of FO sensor. It
observed FO sensor has higher amplitude at distance (3 cm) between AE source and FO sensor.
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Fig. 7(a), (b) shows FFT spectrum of both sensors in oil. Fig. 7 (a) shows frequency response of
FO sensor, which show that level of signal at 180 kHz was —20 dB with noise floor —55 dB which
shows FO sensor has a resolution 35 dB above noise floor. Fig. 7(b) show FFT spectrum of PZT,
which has the signal level at 180 kHz was —35 db with noise level =50 dB, which has resolution
15 dB above noise floor. It clear the FO sensor has resolution better than PZT sensor.

3. Application of FOS with AE induced by PD in insulation oil

The schematic diagram of complete experimental setup to generate PD and its AE is described
in Fig. 8. The tank was filled with insulation oil so that the steel electrodes remain immersed
completely in the middle of the tank. The FOS was mounted on the top at the same distance 8 cm
from PD source inside oil tank. For good precision, the sensor must be located inside the tank of
the transformer, at the vicinity of the PD source. The electrodes having 5 mm gap were connected
to 10 kV high voltage source to produce PD under insulation oil. The AE produced by PD was
then sensed by FOS. The PD generates AE between two electrodes which create interference in
the light passing through the OFS connected to the oscilloscope.
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Fig. 8. Experimental set up of PD signal detection in insulation oil

The typical spectra of acoustic signals detected by FOS are shown in Fig. 9. These results show
that acoustic signal generated by PD comprises sinusoidal pulses in which have gradually
decreasing trend in their intensity. FOS gives a clear picture of acoustic wave. The optical part
was halogen light source is sent through MMF and the optical signal of light source is received by
a photodetector (Px65) which is also connected with MMF by means of a fiber coupling adapter.
The MMF is step-index fiber with core diameter (50 um) and its cladding diameter with acrylate
coating layer is 125 um. The acrylate material has narrow band pass sensitivity to an ultrasound
of AE which can give good results in oil insulation.
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Fig. 9. The graph of acoustic signal detected by FOS Fig. 10. The FFT spectrum of output signal for FOS

In frequency domain analysis the Fig. 10 shows the Fast Fourier Transform (FFT) analysis of
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stored data of time domain signals of photodetector was performed for both sensors. Fig. 10 shows
acoustic wave of FOS with range (10-450 kHz), it can observed the frequency response of FOS
consist of series of peaks which have maximum peak at frequency 120 kHz.

4. Conclusions

The time domain analysis showed acoustic signal of FOS has big peak signal (0.0025 mV).
The FOS showed could be capture acoustic signal with less noise. The FFT analysis of time
domain signal of FOS with range (10-450 kHz), it can observed the frequency response of FOS
consist of series of peaks which have maximum amplitude (0.1 mV/Hz) at frequency 120 kHz.
Also FFT analysis showed frequency response of FOS, which show that has signal level -90 dB
at120 kHz with noise floor —120 dB. It is clear the resolution of FOS was very high 30 dB above
noise floor compare. From these results it could be concluded that the FOS has ability to detect
AE with high efficiency more precise.

References

[1] Tenbohlen S., Denissov D., Hoek S. M., Ring Z. Partial discharge measurement in the ultra high
frequency (UHF) range. IEEE Transaction Dielectrics and Electrical Insulation, Vol. 15, Issue 6, 2008,
p. 1544-1552.

[2] Yaacob M., Alsaedi M. A., Rahman R. A., Bidin N., Magbool W. Detection and wavelet analysis
of acoustic emission signal from partial discharge captured by multimode optical fiber and
piezoelectric sensors in insulation oil. International Journal of Physical Sciences, Vol. 8, Issue 21,
2013, p. 1149-1160.

[3] Yaacob M. M., Alsaedi M. A., Gizi A. Al., Zareen N. Partial discharge signal detection using ultra
high frequency method in high voltage power equipments : a review. International Journal of Scientific
and Engineering Research, Vol. 4, Issue 1, 2013, p. 1-6.

[4] Yaacob M. M., Alsaedi M. A. Review on partial discharge detection techniques related to high voltage
power equipment using different sensors. Archives Des Sciences, Vol. 65, Issue 9, 2013, p. 659-676.

[S] Ruijin L., Ke W., Lijun Y., Lian D., Jian L. A new hybrid feature extraction method for partial
discharge signals classification. Review on Electrical Engineering — Przeglad Elektrotechniczny,
Vol. 88, Issue 1, 2012, p. 191-195.

[6] BoffiP., Bratovich R., Persia F., Martinelli M. 1550 nm all-fiber interferometer for partial discharge
detection in oil-insulated power transformer. 6th International Parallel Processing System, Cancun,
Mexico, Optical Fiber Sensor, 2006, p. 1-5.

[71 Frazao O., Farias R. G., Araujo F. M., Ferreira L. A., Santos J. L., Miranda V. Fiber optic sensor
for acoustic detection of partial discharges in oil-paper insulated electrical systems. IEEE Transaction
Power Approach and System, Vol. 25, Issue 2, 2010, p. 2526-2534.

Malik Alsaedi was born in Iraq on 1979. He received his B.Tech. in Electrical Engineering
from University of Technology, Iraq, in 2003, he received his M.Tech. from Jawahrlal
Nehru Technology University, India, in 2011. He received his Dr. from University
Technology Malaysia (UTM) in 2014. Currently he is Lecturer in College of Enginnering,
Misan University. He has recently been interested in research on the development of
diagnostic technique of high voltage power equipment.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2014, VOLUME 16, IsSUE 7. ISSN 1392-8716 3183




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /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 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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


