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Comparative analysis of lightning 
overvoltages in distribution lines on the ground 

of laboratory tests and measurements 
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Determination of extreme voltages induced on overhead and cable power lines by nearby lightning 
strokes is a complex problem. Results of computer simulation (laboratory tests) and measurements of 
such overvoltage processes due to lightning discharges occurring in overhead and cable lines, as elements 
of a distribution network, are presented. A principal, simulation tool was the PSpice program. 
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1. Introduction 

Rapid development of industrial processes controlled by devices in which digital-
circuit engineering is used obliges distribution companies to apply up-to-date tech-
niques and technologies. It tends towards achieving of high quality and reliability of 
power networks. Beyond a doubt, one of serious causes of damages of network ele-
ments are direct and indirect lightning overvoltages [7–9, 21]. Such a threat concerns 
electrical equipment and particularly overhead and cable power lines. Distribution 
networks of middle voltage (MV) include traditional overhead power lines with bare 
conductors or more and more frequently with covered conductors and, furthermore, 
power cable lines composed of three single bundle assembled cables, placed in the 
ground or in the air (under slung on supports). 

Influences of lightning surges on power lines according to produced harmful ef-
fects can be divided into influences being operational hazard caused by excessive elec-
trical strength within line insulation systems leading to their degradation and influ-
ences posed a threat to the environment (electric shock hazard). In the former case 
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a measure of influences are induced overvoltages of high amplitude and frequency 
during a transient state in the circuit composed of a conductor and a thunderstorm 
cloud caused by electromagnetic field (generated by a lightning current). The other 
case is related first of all to electromagnetic field as a consequence of passage of 
lightning current by metallic coating of cables; a measure of dangerous influences in 
this instance is the voltage between the metallic coating and the ground. 

Theoretical considerations dealing with overvoltages induced on power networks 
can be based on mathematical models worked out by Rusck, Agraval or Taylor [1, 3, 
4, 6, 13, 20]. The principle for description of line elements pertinent to conditions of 
induced overvoltages is a general Maxwell equation in vectorial form: 
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equivalent to three scalar equations in the Cartesian coordinate system: 
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where each component of the electric field intensity vector E satisfies the wave equation. 
In real power networks, due to dissipation of high-variable electromagnetic field, 

the following tendencies are observed: decrease of peak voltages and change of wave-
forms during a nonstationary state. Suppression and deformation of waves (caused by 
influence of a series resistance of conductors, change of soil resistivity of soil, and 
occurrence of dynamic corona) can be modelled on the ground of processing pro-
grams. 

However, owing to computer techniques: 
– analyzes of induced lightning overvoltages are facilitated, 
– mathematical model of lightning discharge canal has been perfected, 
– solution of complex equations describing electromagnetic field has been simplified, 
– a model of power system elements has been more detailed, 
– computer simulations enable us to record variation of overvoltages at various 

points of an analyzed network area. 
Evaluation of overvoltage hazard dealing with power line and cable insulating sys-

tems in various networks has been presented in numerous papers [2, 10, 11, 12, 16]. It 
has been pointed that application of PSpice program (Design Center Eval packet) to 
simulate transient states caused by lightning overvoltages is possible [14, 15]. Such 
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design overvoltage protective systems, can be of various types depending on their 
function. The most known are Electro-Magnetic Transients Program program (EMTP) 
and Simulation Program with Integrated Circuits Emphasis (PSpice program) but oth-
ers programs are also used to analyze of selected electrical processes. It is important 
that results of simulation should be verified (in respect of their quantity and quality) 
by comparing them with results of measurements related to physical models or – bet-
ter – to real technical objects. 

During numerous measurements and simulations a certain regularity has been no-
ticed: wave front time of excitation impulse affects visibly overvoltages in particular 
elements of a power system. In order to confirm a level of overvoltage hazard and to 
determine the influence of wave-front time duration on rate-of-rise of the voltage 
stressing insulation, a computer simulation (using PSpice program) has been carried 
out [5]. 

Quick-variable passages of electromagnetic energy cause overvoltages of very 
high frequencies so each power overhead line and cable line during simulation should 
be treated as an element with distributed parameters. The following parameter values 
have been admitted: 

• cable line (C0 = 0.1 μF/km; L0 = 0.49 mH/km; R0 = 0.0289 Ω/km; Z0 = 70 Ω;  
v = 142.86 m/μs) 

• overhead line (C0 = 7,37 μF/km; L0 = 1.71 mH/km; R0 = 0.35 Ω/km; Z0 = 482 Ω; 
v = 281.69 m/μs). 

Stimulation of design systems is an impulse (pulse) with exponential edges and 
variable values of parameters (Fig. 2). Simulations have been carried out for three 
systems presented in Fig. 1. 

 

Fig. 2. Stimulation of a design system with exponential characteristic, accessible  
in PSpice program: td1 – rise delay, td2 – fall delay, tc1 – rise time, tc2 – fall time 

Equivalent active parameters of power line conductors during overvoltages in-
crease their values due to a skin effect. Such a phenomenon occurs also in a layer of 
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Computer simulation enables us to obtain numerous time-dependent overvoltages 
which prove that wave-front time of these overvoltages does not affect rate-of-rise of 
the voltage stressing insulating systems within individually screened cables. However, 
such a regularity is not confirmed towards belted cable. 

 
Fig. 4. Levels of voltage induced at measuring points 1, 2, and 3 from Fig. 1c  

depending on shape factor of stimulation pulse value – tc1/td2 (Fig. 2) 

In the case of belted cables (network elements of frequent occurrence) decreasing 
of slope of the wave-front (input pulse) causes additional displacement of response 
amplitude towards longer lines; such a regularity has been proved during laboratory 
tests and investigations of real systems (Figs. 6a and 8). A displacement of response 
amplitudes during lightning overvoltages is caused by heterogeneity of metallic coat-
ing which affect increase of electromagnetic field dissipation and wave impedance of 
cables with not screened conductors in respect of cables with concentric conductors. 

3. Laboratory tests and investigations in selected real lines 

Results obtained from the simulation process have been verified based on the measur-
ing system made both for single-core screened and three-core belted cables (Fig. 5). The 
system was equipped with a special pulse generator which allows us to regulate the 
slope and wave front duration. In the case of three-core line only the generator of rec-
tangular pulses energized one from all the conductors. 

Transient time-dependent voltages caused by the pulse in the energized conductor 
(in the three-core line and in non-energized neighbouring conductors) have been re-
corded by means of a multi-channel digital oscilloscope. The obtained transients re-
veal that pulse time parameters at the input of the examined system have great impact 
on the shape of reflected and induced waves in neighbouring cable wires. However, in 
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of computer simulations concerning the nodes and points of discontinuity where wave 
impedance undergoes changes. However, it is advisable to verify additionally the ob-
tained results by means of other processing programs (e.g., EMTP). It aims also at 
selection of the most suitable informatics tool to analyze transient states in power net-
works. 

4. Conclusions 

• Tests and many years of observations of atmospheric discharges show that peak 
value and steepness of wave front are random values of negligible correlation. This 
means that these parameters can be analyzed independently. 

• Analysis results of computer simulations, laboratory tests, and measurements in 
real power networks prove that time duration of an overvoltage does not affect the rate 
of rise of the voltage stressing insulating systems in overhead lines. Such a conclusion 
is true for individually screened cables. Dominant influence of the voltages stressing 
insulating systems in line elements, due to overvoltage processes, are their parameters: 
the rate of rise and time duration of a wave. 

• PSpice program applied to analyze overvoltage processes in power systems en-
ables one to reproduce easily a stimulation pulse, to observe propagation of voltage 
waves in the first phase of a transient state and afterwards – when a wave reaches 
a node point. An analysis of the influence of wave processes in multiple conductor 
lines on the overvoltages in particular conductors is possible too. 

• An analysis of time dependent voltages as a result of simulation processes with 
models accessible in the program shows that PSpice program is a convenient simula-
tion tool, although obtained models do not take into account two essential phenomena: 
skin and corona effects during transient states. Such imperfections overstate ampli-
tudes of signals returned from the lines. 

• Due to dynamic corona effect, the velocity of wave propagation decreases 
nonlinearly when actual values of impulse voltage increase. This causes a favourable 
effect consisting in deformation of impulse waves and in decrease of their slopes. 

References 

[1] AGRAWAL A.K., PRICE H.J., GURBAXANI S.H., IEEE Trans. Electomagn. Compat., EMC-22 (1980), 
119. 

[2] ANDREOTTI A., DE MARTINIS U., VEROLINO L., Adv. Eng. Software 31 (2000), 757. 
[3] BAJOREK J., GAMRACKI M., Effectiveness of mathematical modelling of lightning coupling to over-

head conductors, Proc. 26th Int. Conf. Lightning Protection, Cracow, 2002, 208–213. 
[4] BAJOREK J., MASŁOWSKI G., Mathematical models of electromagnetic field of lightning, Proc. 22nd 

Inte. Conf. SPETO, Gliwice–Ustroń 1999, 97–100. 
[5] BARANOWSKI K., WELO A., Simulation electronics chosen. MIKOM, Warsaw, 1996 (in Polish). 
[6] COULSON C.A., JEFFREY A., Waves, mathematics models. WNT, Warsaw, 1982. 
[7] FLISOWSKI Z., KOSZTALUK R., Przeg. Elektrotechn., No. 2, 1997 (in Polish). 



W. SKOMUDEK 1156 

[8] GACEK Z., SKOMUDEK W., An analysis of overvoltage hazard due to lightning discharges in medium 
voltage overhead lines with covered conductors. Proc. of the 12th Int. Symp. High Voltage Engi-
neering – ISH, Delft, 2003,  77. 

[9] GACEK Z., SKOMUDEK W., Energetyka, No. 1, 2003 (in Polish). 
[10] KRAFT L.A., IEEE Trans. Power Syst., 6 (1991). 
[11] MCDERMOTT T.E., SHOT T.A., ANDERSON J.G., IEEE Trans. Power Delivery, 9 (1994). 
[12] NUCCI C.A., RACHIDI F., IANOZ M, MAZZETTI C., IEEE Trans. EMC, 35 (1993), 75. 
[13] RUSCK S., Induced lightning overvoltages on power transmission lines with special reference to the 

overvoltage protection of low voltage networks. Ph.D. Thesis, the Kungi, Tekniska Hogskolan, 
Stockholm, Sweden, 1957. 

[14] SKOMUDEK W., J. Electr. Eng., No. 5–6, Slovakia, 2004. 
[15] SKOMUDEK W., Evaluation to make use of PSpice program to modelling lightning inducted voltages 

of power systems. Computer Application in Electrical Engineering, Zakopane, 2005. 
[16] SKOMUDEK W., GACEK Z., Influence of selected parameters of overvoltages on hazard of insulating 

systems in MV power lines. Electronic and Electrical Engineering, No. 2, Lithuania, 2006. 
[17] SKOMUDEK W., Registration of time dependent overvoltages in authentic overhead/cable lines be-

tween 15/0.4 kV switching stations: Prudnik and Oczyszczalnia Prudnik. 7, 2004 (in Polish). 
[18] SKOMUDEK W., Registration of time dependent overvoltages in authentic cable lines in GSZ Cemen-

townia Górażdże, Chorula, 11, 2004 (in Polish). 
[19] TARCZYŃSKI W., SKOMUDEK W., Wave phenomena in MV cable lines, Rep. from own tests, Opole 

2004 (in Polish) 
[20] TAYLOR C.D., HARRISON C.W., SATTERWHITE R.S., IEEE Trans. Antennas Propagat., AP-13, 1965. 
[21] YOKOYAMA S., IEEE Tran. Power App. Syst., 103 (1984). 

Received 20 April 2007 
Revised 21 July 2007 

Proszę podać nr strony w Ref. 10, 11, 20, 21 



<<
  /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


