
Q i l t t tiQ i l t t ti I d ti St ti V hi l dI d ti St ti V hi l d Hi h V ltHi h V lt PP LiLiQuasielectrostaticQuasielectrostatic Induction on Stationary Vehicles underInduction on Stationary Vehicles under High VoltageHigh Voltage PowerPower LinesLinesQuasielectrostatic Quasielectrostatic Induction on Stationary Vehicles under Induction on Stationary Vehicles under High Voltage High Voltage Power Power LinesLinesQQ yy g gg g
Jon T LemanJon T Leman11 Robert SchaererRobert Schaerer22Jon T. LemanJon T. Leman11, Robert Schaerer, Robert Schaerer22,,

1 POWER E i I Cl k t WA USA1 POWER E i I Cl k t WA USA1. POWER Engineers Inc., Clarkston, WA, USA1. POWER Engineers Inc., Clarkston, WA, USAO g ee s c , C a sto , , USO g ee s c , C a sto , , US
2 POWER E i I S Di CA2 POWER E i I S Di CA USAUSA2 POWER Engineers Inc San Diego CA2 POWER Engineers Inc San Diego CA USAUSA2. POWER Engineers Inc., San Diego, CA, 2. POWER Engineers Inc., San Diego, CA, USAUSA

Introduction: Quasielectrostatic effects from power lines Results for Objective 1: Simulations were performed forIntroduction: Quasielectrostatic effects from power lines Results for Objective 1: Simulations were performed forQ p
i d lt b t lli bj t A t di

j p
th th t i i Fi 2 Thinduce voltages on nearby metallic objects. A person standing the three geometric cases in Figure 2. Theinduce voltages on nearby metallic objects. A person standing

f f
the three geometric cases in Figure 2. The

on the ground becomes a path for current if they touch the quasielectrostatic induced currents calculated withon the ground becomes a path for current if they touch the quasielectrostatic induced currents calculated with
surface of the object Standards require that power lines be existing methods COMSOL and a non finite elementsurface of the object. Standards require that power lines be existing methods, COMSOL, and a non finite element
high enough in the air to limit this current to 5 mA (below the analysis program are listed in Table 2high enough in the air to limit this current to 5 mA (below the analysis program are listed in Table 2.g g (
threshold for involuntary muscle contraction) An existing

y p g
threshold for involuntary muscle contraction). An existing

Sh t Ci it C t
y ) g

th d f i l ti thi i t i li Approach
Short Circuit Current

method for implementing this requirement in power line Approach
Truck 1 Truck 2 Truck 3method for implementing this requirement in power line Truck 1 Truck 2 Truck 3

design involves empirical data and mathematical and Semi‐
/ /design involves empirical data and mathematical and Semi

empirical
n/a n/a 4.2 mA

geometric simplifications
empirical

geometric simplifications.
COMSOL 3.8 mA 4.1 mA 4.2 mA

St d Obj tiStudy Objectives: Non FEA
/

Study Objectives:
CO SO f

Non FEA 
Software

n/a 4.1 mA 4.2 mA

1 Use COMSOL to simulate the case of a large vehicle Software1. Use COMSOL to simulate the case of a large vehicle
Figure 2 Vehicle Cases Table 2 Resultsunder a high voltage transmission line (see Figure 1) Use Figure 2. Vehicle Cases Table 2. Resultsunder a high voltage transmission line (see Figure 1). Use g

the results to evaluate the accuracy of the existing methodthe results to evaluate the accuracy of the existing method
R lt f Obj ti 2 Fi 3 h hi l h t

y g
and determine if assumptions inherent in the existing Results for Objective 2: Figure 3 shows vehicle shortand determine if assumptions inherent in the existing Results for Objective 2: Figure 3 shows vehicle short

i it t lt f t i f hi l
p g

th d’ i lifi ti bl circuit current results for parametric sweeps of vehiclemethod’s simplifications are reasonable. circuit current results for parametric sweeps of vehiclemethod s simplifications are reasonable.
f f length vehicle position (Y axis) conductor height and2 Perform parametric sweeps of study parameters and length, vehicle position (Y axis), conductor height, and2. Perform parametric sweeps of study parameters and

human body resistanceidentify the sensitivity of results to those parameters human body resistance.identify the sensitivity of results to those parameters. y

Vertically ArrangedVertically Arranged  
Equivalent of 345 kVEquivalent of 345 kV 
T i iTransmission 
Conductors.Conductors.  

Figure 3 Parametric Sweep Results
65 ft S i

30 ft Figure 3. Parametric Sweep Results
65 ft Semi 

C
Trailer Insulated

Conclusions:
Trailer Insulated 
from Ground by Conclusions:from Ground by 

• Geometric simplifications and empirical data of existingRubber Tires • Geometric simplifications and empirical data of existing
analysis methods give reasonably accurate resultsanalysis methods give reasonably accurate results,y g y
biased appropriately on the side of safety The detailedbiased appropriately on the side of safety. The detailedFigure 1 System Model and Electric Field Results pp p y y
COMSOL d l ith hi h l ti h d d

Figure 1. System Model and Electric Field Results
COMSOL model with a high resolution mesh producedCOMSOL model with a high resolution mesh produced

%Computational Methods: Power system frequency in the a short circuit current result that was about 10% lowerComputational Methods: Power system frequency in the a short circuit current result that was about 10% lower
U S is 60 Hz The charge relaxation times of earth and than the existing method Future work will determine ifU.S. is 60 Hz. The charge relaxation times of earth and than the existing method. Future work will determine ifg
metallic objects in the model are much lower than the period different transmission line configurations have similarmetallic objects in the model are much lower than the period different transmission line configurations have similarj p

f th li lt d t Th f th t
g

resultsof the power line voltages and currents. Therefore, the system results.of the power line voltages and currents. Therefore, the system
C f f Th t d li d th h h t hcan be solved using the Electric Currents interface of • The current delivered through a person who touchescan be solved using the Electric Currents interface of The current delivered through a person who touches

fCOMSOL Governing equations are listed in Table 1 the vehicle is essentially independent of resistance inCOMSOL. Governing equations are listed in Table 1. the vehicle is essentially independent of resistance in
the typical range of the human bodythe typical range of the human body.

E ti S • The largest vehicle will not necessarily produce theEquation Summary • The largest vehicle will not necessarily produce theEquation Summary g y p
worst case resultworst case result. Relationship between electric potential and electric fields p p

R f
Gauss’ Law: Electric flux through a surface is proportional

References: Gauss  Law: Electric flux through a surface is proportional 
to the enclosed charge References:

1 N ti l El t i l S f t C d C2 2012 92 93 I tit t f El t i l d El t i
0 to the enclosed charge 

1. National Electrical Safety Code C2-2012, pp. 92-93. Institute of Electrical and Electronic 
࢈ Relationship between surface charge density and electric y pp

Engineers Inc New York NY (2011)0
ࢇ

0
࢈

 ݏ
Relationship between surface charge density and electric 

at the s rface bo ndaries Engineers, Inc., New York, NY (2011) 
2 EPRI AC Transmission Line Reference Book: 200 KV and Above Third Edition pp

0 0 ݏ at the surface boundaries 
2. EPRI AC Transmission Line Reference Book: 200 KV and Above, Third Edition, pp. Law of conservation of charge: Current in or out of a

7.34-7.42.  EPRI, Palo Alto, CA (2005)
Law of conservation of charge: Current in or out of a 

volume is equal to the rate of change of charge 3 , , C ( 005)
3 Haus Hermann A and James R Melcher Electromagnetic Fields and Energy

 volume is equal to the rate of change of charge  
3. Haus, Hermann A., and James R. Melcher, Electromagnetic Fields and Energy, 

(M h tt I tit t f T h l MIT O C W ) htt // it dEquation for current density given a steady-state (Massachusetts Institute of Technology: MIT OpenCourseWare). http://ocw.mit.edu ࢋ 
Equation for current density given a steady state 

frequency domain problem
( gy p ) p
(accessed September 20 2011) License: Creative Commons Attribution-

ࢋ frequency domain problem (accessed September 20, 2011). License: Creative Commons Attribution
NonCommercial Share Alike Table 1 Go erning Eq ations NonCommercial-Share Alike.Table 1. Governing Equationsg q

Excerpt from the Proceedings of the 2012 COMSOL Conference in BostonExcerpt from the Proceedings of the 2012 COMSOL Conference in Boston



<<
  /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
  /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 true
  /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 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

  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


