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Measurement problems during lighting hazard
simulation on the HV substation
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Abstract - This paper presents a practical aspect of lightning
ground potential rise (GPR) measurements. They were made
during normal operation of the real high voltage substation and
according a special procedure developed for this occasion. This
procedure does not influence the protection relays and ensures a
proper work of the HV substation even for 6kV surges.

I. INTRODUCTION

High voltage substations are very often placed on the open
area. They consist of many high metallic components such as
overhead transmission pylons, busbar bridges etc. They are
exposed to direct lightning strike. During direct strike,
grounding system will transfer lighting current to earth.
Parameters of this system are changing dynamically during the
lightning current flow. This effect causes a ground potential
rise with respect to remote earth or other substation grounding
systems and is dangerous for electrical and electronic devices
and systems.

This paper presents a practical aspect of lightning ground
potential rise measurements. All measurements were made
during normal work of the real high voltage substation and
according a special procedure developed for this occasion
(fig.1). This procedure does not influence the protection relays
and ensures a proper work of the substation even for 6kV
surges.

II. MEASUREMENT PROBLEMS

During measurements current and voltage surges were
produced by the high voltage impulse generator — UCS
S500M6B. All measurement equipment was supplied from
gasoline generator. Special attention was pay to the problems,
which occurred during measurements on the real and working
substation (fig.2). Additional equipment used for measurement
purposes was listed below:

« digital oscilloscopes Tektronix TDS3032B 300MHz,
2,5GS/s,

* high voltage probes with 100x attenuation. Tektronix
P6009 4kV, 180MHz, input capacitance 2.5pF, input
resistance 10MQ, cable length 9ft,

* high voltage coaxial cable Zo =509,

* gasoline generators,

* UPS (uninterruptible power supply) with inverter etc.
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First problem which appeared during measurements was
related to interconnections between grounding system and the
power supply of measuring devices by the neutral wire. It was
observed that after about 2us time surge produced by
generator overlapped the recorded waveform. This can cause a
large measurement error. Current traveling wave went from
surge generator to grounding system and then by the neutral
wire to the digital oscilloscopes. Only one solution is possible
for this kind of galvanic interference. It is necessary to secure
power delivery from additional supply for each digital
oscilloscope. This source must be ungrounded and stabilized.

Second problem link with power supply stability. Proper
voltage stabilization was necessary for digital oscilloscope.
The typical gasoline generator could not be used. Its voltage
fluctuation was to high for very sensitive recording device. It
was real necessary to use UPS with inverter. The used UPS
was constantly charged from gasoline generator and
disconnected from it for measurement moment. The UCS
500M6B surge generator also required a separating
transformer despite gasoline generator.

Next very important matter is to secure separation between
steering circuits after power supply separation. Each digital
oscilloscope should have different circuit for synchronization
with surge generator. Ground of selected oscilloscope
triggering input should not be connected to ground of surge
generator and measured circuits too. The simplest way to
resolve this problem is to build small current measurement
transformers (CT) and install them on the high voltage surge
generator output. Each CT for each digital oscilloscope. In our
measurements ceramic high powered resistor was used (with
hole inside to put current transferring wire into it). Additional
triggering signal is necessary for HV substation with large
grounding systems. Recorded voltages are very small and
proper synchronization by advanced triggering in digital
oscilloscope is not enough to observe any waveform.

During measurements very often appears next problem.
Differences between real objects and its plans. Especially in
placement of grounding system in earth. This fact is crucial
when GPR is considered.
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Figure 2. Measurements in progress
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Figure 4. GPR on the: a) grounded metallic part of the 15kV busbar,
b) grounded metallic part of the 110kV switching cell no.1
IV. CONCLUSIONS

Direct lightning strike to the earthed components of HV
substation can cause severe interference problems in
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III. MEASUREMENT RESULTS

End

Figure 3 shows a functional

Figure 1. Measurements block  diagram of the
algorithm equipment used for the
ground potential rise

measurements — a  surge

generator and digital oscilloscope. Current 0.1kA, 71/145us
was injected from a surge generator between the substation’s
lightning rod and a remote return electrode.

A digital oscilloscope measured potential difference
between the two potential probes. This latter probe was placed
at a series of locations, beginning close to the grid and ending
near the return electrode, moving from point to point on the
substation area. GPR of few selected points are presented on
figure 4.
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Figure 3. Connection diagram created for GPR measurements

electronic equipment and systems. In the article few practical
problems was presented. The specially created method was
based on many attempts to measure GPR on working HV
substation. Secure measurements with HV current surge
generator was realized.

REFERENCES

Energoprojekt Krakow S.A., The HV Voltage Substation Technical Data
- type KSU-3/ 110/15kV.

Energoprojekt Krakéw S.A., List of input data for HV substation project.
PN-E-05115, Power installations exceeding 1kV a.c., p.78.

IEC 61024-1: Protection of structure against lightning. Part 1: General
principle.

IEC 61024-1-2: Protection of structure against lightning. Part 1: General
principle. Section 2- Guide B: Design construction, maintenance and
inspection of lightning protection system.

IEC 61312-1: protection of structure against lightning electromagnetic
impulse. Part 1: General principles.

IEC 62066: General basic information regarding surge overvoltages and
surge protection in low-voltage a.c. power systems.

(1
(2]
[3]
(4]

(3]

(6]
(7]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00540068006500730065002000730065007400740069006e00670073002000610072006500200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200036002e003000200061006e00640020006d0061007400630068002000740068006500200022005200650063006f006d006d0065006e0064006500640022002000730065007400740069006e0067002000660069006c0065007300200066006f00720020005000440046002000730070006500630069006600690063006100740069006f006e002000760065007200730069006f006e00200034002e0030002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


