Dariusz KUSIAK', Zygmunt PIATEK?, Tomasz SZCZEGIELNIAK?

Czestochowa University of Technology, Faculty of Electrical Engineering (1)
Czestochowa University of Technology, Faculty of Environmental Engineering and Protection (2)

Magnetic field in the monophase single-pole
bifilar high-current busduct

Abstract. This paper is on the determination of the magnetic field in the screen of the monophase single-pole of the bifilar high-current busduct. The
components of this field have been presented by the modified Bessel functions as the functions of two variables r and © in the cylindrical coordinate
system. These solutions take into account the magnetic field of the reverse reaction of the eddy currents induced in the screen as the result of the
proximity effect and the skin effect. For each screen the distribution of the field has been shown in the function of the parameter that considers the
current frequency, conductivity, and both the conductor and screen cross-dimensions. Also, it has been taken into consideration the fact that the
magnetic field is the rotating elliptic and its absolute value is equal to the length of the ellipse longer axis.

Streszczenie. W artykule wyznaczono pole magnetyczne w ekranie jednofazowego jednobiegunowego bifilarnego toru wielkopragdowego. Sktadowe
tego pola przedstawiano przez zmodyfikowane funkcje Bessela jako funkcje dwoéch zmiennych r oraz © walcowego uktadu wspotrzednych.
Rozwigzania te uwzgledniajg pole magnetyczne oddziatywania zwrotnego pradéw wirowych indukowanych w ekranie w wyniku zjawiska zblizenia
oraz zjawiska naskorkowosci. Rozktady pokazano dla kazdego ekranu w funkcji parametru uwzgledniajgcego czestotliwos¢ pradu, konduktywnosc i
wymiary poprzeczne przewodu i ekranu rurowego. Uwzgledniono przy tym, ze pole magnetyczne jest wirujgcym polem eliptycznym i jego modut jest
réwny warto$ci diuzszej pétosi elipsy. (Pole magnetyczne w jednofazowym jednobiegunowym bifilarnym torze wielkopradowym).
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Introduction 1b) H. ,(r,0)=H_ ,(rN+H_ o 0)
Let us consider a magnetic field in the conducting tube- e —ele el
shields with the internal and extemnal Rs and R4 radii, |n the above formulas H . (r,0)- radial component in the

respectively, and conductivity 7. shielding the co-axial tube-
conductors of the internal and external Ry and R radii,
respectively, and conductivity » of the monophase single-

pole bifilar high-current busduct with the ginusoidal current  phase current and H . ,o(r,©) tangent component
of the root-mean-square complex value - fig. 1 [1,2].

first screen generated by the current in the second phase,
H_ ,o(r) - tangent component generated by the first

generated in the first screen by the phase current of the
second phase.

The magnetic field H ,,(r) has only a tangential
component, which has the form
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Fig. 1. M h ingle-pole high- t busduct
ig onophase single-pole high-current busduc (2¢) ¢ =B, 11(26R3)_11(£eR4)

High current busduct shown in figure 1 is a bifilar where
I=-I. Then the electromotive forces induced in the
screens by magnetic fields of currents of shielded phases
and adjacent phases are respectively of opposite signs and
resultant electromotive force is zero. Therefore, shorting of formula
shields or grounding on their ends will not result in flow of

(2d) C_io :[1(£@R4)K1(£@R3)_11(£eR3)K1(£eR4)

and magnetic field H,,(r,0) is determined from the
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return currents in them [3,4,5,6]. 3)
Magnetic field in shields -1 H r @_+1 H r, 6

The magnetic field in the first screen can be expressed Bz ()10 H 1p0(r.6)
as [7] and then its radial component has the form
1) H,(r.0)=H, (N+H,,(r0)=

=1,H,, (r0) +1,H ,,(r,0) I &(RY .
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where H,5,(r,0) TR, r,; y S, @
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and The tangential component is expressed then with the

formula
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where the function
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The functions in the above formulas [,(I°,7),
K,(L,r), 1, (L, Ry), K, (', Rs), 1,,(I', Ry) and

(", R,) are the modified Bessel functions of the firsts

n+l n+l

and second order, respectively i.e.: n, n+1 and n-1 [8,9,10].
In the event I ——I relative amounts of magnetic field

components in the flrst screen have the form
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Distribution of the radial component of this magnetic
field is presented in figure 2.
The magnetic field in the second screen [7]
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Fig. 2. Distribution of the relative values of radial component of
magnetic field in the first screen of the monophase single-pole
bifilar high current busduct for a fixed value of the variable ¢ of:
a) module, b) argument

Distribution of the radial component of this magnetic
field is presented in figure 3.
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Fig. 3. Distribution of the relative values of tangential component of
magnetic field in the first screen of the monophase single-pole
bifilar high current busduct for a fixed value of the variable ¢ of:
a) module, b) argument

The magnetic field H_,,(r) has only a tangential
component, which is given by the formula

(6) H pop(r) ===, (r) =H o20(r) P[] @1y e226 ("]

whereas h,y,(r)=h,,(r).
Magnetic field H ,,,(r,0)
formula

is determined from the
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and then its radial component has the form
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The tangential component is expressed then with the
formula
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In the event I =—I relative amounts of magnetic field
components in the second screen have the form

2 & 1Y .
<s>@ezr<§,@)——m;<—l) [ ACJ [, () sinn®
and

B (C @)=—%£’zz(~) )+
(8a)

n
2 & 1
+—> (D" — L + ]cosn@
Jz_jacp;( ) (4] /g, ()
The distribution of the total magnetic filed in the
shields

Distribution of magnetic field both in the first and the
second screen depends therefore on the parameter « and it
is irregular distribution in regard to the angle . Futhermore,
the arguments of radial and tangential component of the
field are different, and therefore at every point of the area
tested the magnetic field is an elliptic field [11,12]. Relative
module amount of this field, relative value of the longer
semi-axis of field ellipse is expressed with the formula
[13,14]

©) ha($,0) = 1(,0)+ 1y (£,0)
where

©8) (0= |k, 6.0+ b (£:0)
and

©) 0= .0+ jh(c.6)

The distribution of the relative value of the magnetic field
in the first and second screen in the function of the @ angle
is shown in figure 4.

Fig. 4. The distribution of the relative value of the total magnetic
field in the screen for the case [ = -: a) the second screen, b) the
first screen

Conclusions

The distribution of the magnetic filed in the monophase
single-pole bifilar high-current busduct is uneven (figure 4),
and it is due to the skin effect, but first of all due to the
proximity effect consisting in pulling of the magnetic field
into the system centre when currents are of opposite
senses.

Introduction of relative variable ¢ and parameters «,
and 4 for the screen allows to show derived formulas as
complex components and modules of magnetic field

strength in general forms, independent of the specific
values of conductivity, transverse dimensions and relative
positions of the conductors and shield, and the frequency of
phase currents [11]. This also allows a general analysis and
visualization of modules and arguments of this field in the
form of diagrams as a function of relative variables (figure 2
and 3).

As it can be seen, the modules and arguments of the
complex components of the magnetic field strength are
functions of two variables » and @ of cylindrical coordinate
system, and consequently, the magnetic field in this type of
high-current circuits is an elliptical rotating field.

In conclusion, the skin and proximity effect strongly
influences the magnetic field in this type of high current
busducts, and they should be also considered for power
frequency of phase currents.
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