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Abstract This paper shows how the shift of the axes of conductors influences on the total magnetic field of the unshielded three 
phase flat high current busduct. This phenomenon has been described with the formulas relevant to the relative values 
of the field and the parameters allowing the frequency, conductivity, and the cross-section dimensions of conductors. 
Into account was taken skin and proximity effects. 
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I. INTRODUCTION 

Designing of high-current busducts for higher and 
higher currents and voltages generates the need of the 
comprehensive and  precise description of electromagnetic 
phenomena, first of all the values of the magnetic field 
[1,2]. 

Flat high-current busducts about tubular conductors are 
installed among others as unshielded in extra high voltage 
and high voltage switching stations [3]. View of such 
high-current busduct is shown in figure 1. 
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Fig. 1. Unscreened three-phase flat tubular high current busduct 
 

Assume a symmetrical three phase currents, ie. 
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In this paper the whole total magnetic field in the 
different area conductors of the three-phase flat 
unscreened high-current busduct versus the change of the 
distance between the conductors axes is shown. 

II. MAGNETIC FIELD IN THE EXTERNAL AREA OF 

CONDUCTORS 

The total magnetic field outside of the first conductor [4] 
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Magnetic field generated by current 1I  
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Magnetic field induced by current2I  
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whose components are as follows 
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and 
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Magnetic field generated by current 3I  
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whose components 
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and 

 

∑
∞

= 




























+






×

×−=

1

22

11

3
13

cos
2

1

2

  2
),(

n cn

cn
nnn

ext
Θ

nΘ
d

s

d

R

r

R

RΓd

r

r

I
ΘrH

π
   (4b) 

where 
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In the above formulas )( 1RΓI n , )( 2RΓKn , )( 11 RΓI n− , 

)( 21 RΓKn− , )( 11 RΓI n+ , )( 21 RΓKn+  are modified Bessel 

functions of the first and second kind, respectively, of n-
th, n-1 and n+1 order. Complex propagation constant of 
electromagnetic wave in linear conducting media 

kΓ  j2j 0 == γωµ , in which the attenuation constant 

δ
γωµ 1

2
0 ==k , where δ  is the electrical skin depth of 

the electromagnetic wave in the conducting media [5], 
ω is an angular frequency, γ means electrical conductivity 
of the conductor, and permeability of the vacuum 

7
0 104 −⋅= πµ H⋅m-1. 

If we introduce a relative distance between the 
conductors [6] 
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it the formulas for the relative components in the external 
area (for 2Rr ≥ , ie. for 1≥ζ ) first conductor 
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where the complex quantity 
 ] exp[j nnn AA ϕ=  (10) 

whose modulus 
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III.  INFLUENCE DISTANCE BETWEEN THE CONDUCTORS ON 

THE MAGNETIC FIELD IN THE EXTERNAL AREA 

The distribution of the relative module values of the 
total magnetic field outside phase conductor L1 flat high 
current busduct for various λ  parameter values in the 
function of the Θ angle is shown in figure 2a. In a similar 
way determinated the total magnetic field outside phase 
conductor L1 and L2 (respectively figures 2b and 2c). 
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Fig. 2. The distribution of the relative module values of the total 
magnetic field flat high-current busduct in the external 

area of the phase conductor: a) L1, b) L2, c) L3 

IV.  CONCLUSION 

In the case of unshielded three-phase about tubular 
conductor flat high current busduct, distribution of 
magnetic field in the external area of the conductors is 
irregular (fig. 2), caused by the skin effect, and first of all 
by the proximity effect. Therefore, the mutual geometric 
configuration between the conductor strongly affects the 
total magnetic field in high-current busduct of this type. 
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