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The impact of the displacement of the both the tubular 
conductor and screen axes on the magnetic field in high 

current busducts 
 
 

Abstract. In the paper it has been shown that as the distance d between the axis of the tubular conductor increases the magnetic field becomes 
more and more non-uniform. The phenomenon of the inducing of eddy currents in the screen makes the magnetic field distribution changed in the 
screen itself and its surroundings The magnitude of these changes depends on λ and α coefficients, thus the screen electrical conductivity and its 
transverse dimensions, the current frequency in the phase conductor, and the mutual geometrical configuration beetwen the tubular conductor  and 
screen. 
 
Streszczenie. W artykule pokazano, że w miarę wzrostu odległości d między osiami przewodów, pole magnetyczne staje się coraz bardziej 
nierównomierne. Zjawisko indukowania prądów wirowych w ekranie zmienia rozkład pola magnetycznego w nim samym i jego otoczeniu. Wielkość 
tych zmian zależy od współczynników λ oraz α, a więc od konduktywności ekranu i jego wymiarów poprzecznych, częstotliwości prądu w przewodzie 
fazowym oraz wzajemnej konfiguracji geometrycznej między tym przewodem a ekranem. (Wpływ przesunięcia osi przewodu i ekranu na pole 
magnetyczne w torach wielkoprądowych). 
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Introduction 

In high current busducts one or more phase tubular 
conductors are isolated with a tube screen. The magnetic 
field of the conductor (conductors) induces eddy currents in 
the shield which generate a reverse reaction magnetic field. 
The resultant magnetic field within the internal and external 
area of the shield is the vector sum of these fields. In the 
general case of two concentric tubular conductors the axes 
of the conductors do not coincide, and create the so-called 
non-coaxial system (fig.1) [1,2].  
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Fig. 1. Tubular screen with the internal non-coaxial tubular 
conductor placed on the right-hand side of Oy axis 

 
This system is an element of the high current busducts 

as presented in figure 2 [3]. 
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Fig. 2. Three-pole three-phase high current transmission line 

In this paper we are going to show you how the 
magnetic field looks when the conductor axis – screen axis 
distance changes. 
 

The magnetic field generated by the current flowing 
in an internal parallel tubular conductor 

Let us consider a magnetic field in the shield of 
conductivity 2� , with internal radius 3R  and external radius 

4R , parallel to a non-coaxial internal tubular conductor with 

conductivity 1� , internal radius 1R  and external radius 2R  
with complex rms current 1I . The distance between the 
axes of the conductors is d (fig. 1). This current generates 
sinusoidal alternating magnetic field )r( XY

wH , which can 
be expressed in local cylindrical coordinates ( Θ,r  ) of the 
shield. 

The vector magnetic potential created by the current 1I  

has one component only along the Oz axis and is a 
potential created by the source external to the second 
conductor i.e. 
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and according to its definition, in the system of ),,( zΦ�  
cylindrical coordinates connected with the second 
conductor we have 
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where the magnetic field 
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From these formulas we obtain the equation [4] 
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where the 0A  constant can be adopted freely. 

The above vector magnetic potential can be expressed 
by the local cylindrical coordinate system )z,Θ,r( , i.e. 

)Θ,r(A)Θ,r( w
z

w 1�A , because 
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From the equation (6) we have 
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and in the points for which r > d, in the expansion of the 
right hand side of the equation (8a) in the Fourier series1 for 
n � N , we have that 
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Finally the vector magnetic potential in the X(r,� ) point, for 
which r > d, is 
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The vector of the magnetic field intensity can be 

determined from the definition of the vectorial magnetic 
potential [5] 
 

(10) )Θ,r(H)Θ,r(H)Θ,r()Θ,r( w
ΘΘ

w
rr

ww 11rot ��� AH
0

1
�

 

where 

(10a) 

nΘsin
r
d

r
I

nΘsin
r
d

r
I

)Θ,r(H

n

n

n

n

w
r

�

�
�

�

�

�

	


�

�


���

�	


�

�


���

0

1

1

1

  2
                

  2

�

�
 

and 

                                                           
1 The equation [6]: �

�

�

����
1

2 1 221
n

n nΘcosx
n

)Θcosxxln(  has been 

used. 

(10b) 

nΘcos
r
d

r
I

nΘcos
r
d

r
I

)Θ,r(H

n

n

n

n

w
Θ

�

�

�

�

�

�

	


�

�


��

�
�
�
�

�

�
�
�

�
	


�

�


���

0

1

1

1

  2
                 

1 
  2

�

�
 

 

The wH  magnetic field is the field generated by a 
source external to the shield, so it is present both inside the 
screen and in its external area. 

If the distance 0�d , then we have the coaxial, 
concentric system of two tubular conductors – fig. 3. This 
case is equivalent to the limitation of the (10a) and (10b) 
series to their zero terms only, that is for 0�n . In this case 

the radial component of the magnetic field is 0�)Θ,r(H w
r , 

and the tangent component )Θ,r(H w
Θ  is determined by the 

formula [7] 
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Fig. 3. Tubular screen with internal coaxial tubular conductor 
 
The influence of the distance between the conductor 
and screen upon the magnetic field 

If we introduce a relative distance between the 
conductor and screen  
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and refer the magnetic field (10) to 
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then we receive the relative value of the magnetic field 
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The distribution of the module of this field  
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as the function of the Θ angle, for various λ parameter 
values is presented in figure 4. 
 

 
Fig. 4. The distribution of the relative value of the module of the 
magnetic field on the external surface of the screen generated by 
current in a non-coaxial internal tubular conductor placed on the 
right hand side of the screen axis 
 

Therefore, the distribution of the magnetic field on the 
external surface is dependable on the λ and is a non-
uniform distribution for the sake of the  Θ angle. 
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Fig. 5. Tubular screen with the internal non-coaxial tubular 
conductor placed on the left-hand side of the Oy axis 

 
If the tubular conductor is on the left hand side of the 

screen axis (fig. 5), then we can prove, that the components 
of the magnetic field generated by the current flowing in this 
conductor in the cylindrical local coordinate system of the 
screen can be expressed as 
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Then the relative values of these components can be 
presented as 
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Then, the distribution of the module of this field as the 
function of the Θ angle for various λ parameter values is 
presented in figure 6. 

 
Fig. 6. The distribution of the relative value of the module of the 
magnetic field on the external surface of the screen generated by 
the current in the non-coaxial internal tubular conductor placed on 
the left hand side of the screen axis  

 
In this case the magnetic field is symmetrical to the field 

generated by the current flowing in the conductor situated 
on the right hand side of the screen axis. 
 
The magnetic field with the consideration of eddy 
currents in the screen 

The )Θ,r(wH  magnetic field of the 1I  current in the 
phase conductor induces )Θ,r(J)Θ,r( z 2121 1�J  eddy 
currents in the screen (fig. 7). This eddy currents generate 
in the both internal and external area an reverse reaction 

magnetic field )Θ,r(rriH  and )Θ,r(rreH respectively [8]. 

The )Θ,r(extH  magnetic field in the external area 
( 4Rr " ) is 
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Fig.7. Eddy currents induced in the screen by the magnetic field of 
the own current of the phase conductor 
 

The components of this field can be determined after 
solving Laplace’a and Helmholtz equations. They are given 
by certain combinations of modified Bessel functions. In 
relative values they assume the form 
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where �� ��0  and �20 ��Θ . In the above formulas 
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The relative value of the total field in the external area of the 
screen can be expressed as 
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The distribution of this value of the external surface of 

the screen for various λ parameter values versus the Θ 
angle will be presented in figure 8. 

If the phase conductor is situated on the left hand side 
of the screen axis, then the relative components of the 
magnetic field for 4Rr "  ( 1"� ) can be expressed as 
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The distribution of the field module is then symmetrical to 
the distribution presented below. 

 
Fig. 8. The distribution of the relative module value of the total 
magnetic field in the external area of the screen - the phase 
conductor placed on the right hand side of the screen axis 
 
Conclusions 

The presented magnetic field distribution patterns show 
that with the increase of the d distance between the axes of 
the conductors (fig. 4 and 6), the magnetic field becomes 
more and more irregular. So irregular will be also the values 
of the density of eddy currents induced in the screen as a 
result of the internal proximity effect. This in turn causes an 
irregular reverse reaction magnetic field and consequently, 
the total magnetic field in the screen and its surroundings is 
irregular (fig. 8). The analysis of the obtained formulas and 
numerical calculations shows also that the distribution of the 
magnetic field is the more irregular the higher λ relative 
distance between the conductor axis and the screen one is. 
Therefore, the mutual geometrical configuration of the 
conductor and screen has a strong effect on the magnetic 
field in high-current busduct. 
 

REFERENCES 
[1] Nawrowsk i  R. : High-current air or SF6 insulated busducts  

(in Polish), Wyd. Pol. Poznańskiej, Poznań 1998 
[2] Pią tek  Z . : Modeling of lines, cables and high-current 

busducts (in Polish), Wyd. Pol. Częst., Czestochowa 2007 
[3] Pią tek  Z . : Impedances of Tubular High Current Busducts. 

Series Progress in High-Voltage technique, Vol. 28, Polish 
Academy of Sciences, Committee of Electrical Engineering, 
Wyd. Pol. Częst., Częstochowa 2008 

[4] Pią tek  Z . : Eddy Currents Induced in the Screen of a Non-
Coaxial Cable, Przegląd Elektrotechniczny - Konferencje, ISSN 
1731-6106, R. 5, Nr 2/2007, pp. 29-32 

[5] Pią tek  Z . ,  Jab łońsk i  P . : Foundations theory of 
electromagnetic fields, WNT, Warsaw 2010 

[6] Mc  Lach lan  N .W. : Bessel functions for engineers (in 
Polish), PWN, Warsaw 1964 

[7] Kus iak  D . : Magnetic field of two- and three-pole high 
current busducts, Dissertation doctor (in Polish), Pol. Częst., 
Wydz. Elektryczny, Częstochowa 2008 

[8] P ią t ek  Z . ,  Kus iak  D . ,  Szczeg ie ln iak  T . : Magnetic 
field in three-phase symmetrical high current busduct (in 
Polish), Zesz. Nauk. Pol. Śl. 2009, Elektryka, z.1(209), pp. 37-
50 

 
Authors: Prof. Ph.D., Eng. Zygmunt Piątek, Institute of 
Environmental Engineering, ul. Brzeżnicka 60a, 42-200  
Częstochowa,  E-mail: zygmunt.piatek@interia.pl 
Ph.D., Eng.  Dariusz Kusiak, Institute of Industrial Electrotechnics, 
Aleja Armii Krajowej 17, 42-200 Częstochowa, 
E-mail: dariuszkusiak@wp.pl 
M.Sc., Eng. Tomasz Szczegielniak, Doctorate Study, ul. 
Dąbrowskiego 73, 42-200 Częstochowa, 
E-mail: szczegielniakt@interia.pl 



<<
  /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 /CMYK
  /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


