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on the total magnetic field of unshielded three-phase flat
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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 for mulas 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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l.  INTRODUCTION HB(r0) =L HZ(r,0)+1,H7(,60)  (3)
Designing of high-current busducts for higher anghose components are as follows

higher currents and voltages generates the neeitheof

I
comprehensive and precise description of electgmeizc 162: (r,e)= =Z_x

phenomena, first of all the values of the magnéétd
[1,2].

Flat high-current busducts about tubular conduchoes
installed among others as unshielded in extra hajtage

and high voltage switching stations [3]. View ofchu and

high-current busduct is shown in figure 1.
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Fig. 1. Unscreened three-phase flat tubular higheot busduct
Assume a symmetrical three phase currents,
.2 .2
1,= exp[—1§ ml, and |;= exp[lg mly.

In this paper the whole total magnetic field in the
different area conductors of the

distance between the conductors axes is shown.

1. MAGNETIC FIELD IN THE EXTERNAL AREA OF
CONDUCTORS

The total magnetic field outside of the first coottw [4]
ext(r @) - ext(r) +H ext(r @) +H ext(r @) -
=1, HY(r,0) +1,H 5\ (r, 0)
Magnetic field generated by currehf

H () =1HT5 (1) 2
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where HE (ry=—=L 2a
Hpp(r) = oot (2a)

Magnetic field induced by currehs
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HE (r,0) =5 2o

27r
(3b)

o

- Magnetic field generated by currehy

HO(r,0) =1, H(r,0)+1,H (,0)  (4)

whose co mponents

|e Hext( @)
27Tr
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Hext r,0)=- -3 «
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(4b)
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In the above formulad ,(I'R), K,(I'R,), I,4(R),
Khi1(I'Ry), 1hu(I'R), K,1({'R,) are modified Bessel

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

L:,/japoy:\/Z_jk, in which the attenuation constant
k= }%’ :%, where & is the electrical skin depth of

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

Uo = 407" Hm™

If we introduce a relative distance between the
conductors [6]
d
A.=—2=1 5
R, (5)
relative variable
r
=— 6
{ R, (6)
and parameter
R
B =R—1 where (0< 3. <1) 7)
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L I
and above components respect to this fidlg = e
0 2nR,
it the formulas for the relative components in éx¢ernal

area (forr 2 R, , ie. for { 21) first conductor

18 A 2ja :
h,0)=-=Y A ° V2iacp. ¢ sinno (8)
J = n n
11 (1) Sen
X ? /‘_ d Fig. 2. The distribution of the relative module valuestuf total
¢/ =cn magnetic field flat high-current busduct in theesrtl
and area of the phase conductorig)b)L,, c)Ls;
h$X'(¢,0) = IV.  CONCLUSION
’ n 1 7" In the case of unshielded three-phase about tubular
(_j +_—(—j conductor flat high current busduct, distributiorf o
_1 iiA A \/Z_JHC,BC ¢\{ coSnd (9 magnetic field in the external area of the conducis
- { ¢ n_l—” n irregular (fig. 2), caused by the skin effect, dinst of all
- x 1| Sen by the proximity effect. Therefore, the mutual getric
A ) de, configuration between the conductor strongly affeitte
where the complex quantity total magnetic field in high-current busduct ofsthype.
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Ill.  INFLUENCE DISTANCE BETWEEN THE CONDUCTORS ON 4]
THE MAGNETIC FIELD IN THE EXTERNAL AREA

The distribution of the relative module values bét
total magnetic field outside phase condudtorflat high
current busduct for variousl parameter values in the
function of the® angle is shown in figure 2a. In a similaf®!
way determinated the total magnetic field outsithage

conductor; andL, (respectively figures 2b and 2c).
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