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The paper demonstrates the elliptical magnetic field in the flat 3-phase high current
screened busduct in the context of the both the external and internal proximity effect. The
modules and the amplitudes of the complex components of the magnetic field strength in
the high-current busducts of this type are the functions of the two variables: » and @ of the
cylindrical coordinate system which subsequently provokes to the conclusion that the
harmonic magnetic field in shiclded high-current busducts is a rotating elliptical field. For
the characterisation of complex vector values for this field, it is suggested that the length of
the longer semi axis of an ellipse as showed at the end of the vector within one period
should be used. The article presents the elliptic magnetic field in the screen, and the
internal and external area of the screen of the flat 3-phase high current busduct.

1. Introduction

The design and construction of busducts to take ever-increasing currents and
voltages have resulted in the necessity for a precise description of electromagnetic
effects, including the maximum magnetic field values [1-3].

One of the structural sources for the construction of high current busducts is
provided in the shape of the so-called flat three-pole high current busduct (Fig. 1) [4].

The variable intensity values of magnetic fields emitted by such busducts are
large, even in rated current conditions [5-6].

Component amplitudes of the magnetic field intensity are not generally
identical, and furthermore these components have different starting phases, i.c.
H (r,0)#H,(r,0) and ¢ (r,0)# @, (r,0) . M. Krakowski presents in his

work [7] a nonnegative value in the form of complex vector norms
|H(,6)|=VH(,0)-H'(,6) (M)
Such a defined norm does not consider differing starting phases
(¢, (r,0)# @, (r,0) ) of magnetic field intensity components, thus it does not
provide for the elliptical nature of this field [8].
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Fig. 1 3-pole screened flat high current busduct: a) general view, b) cross section

Works [9-13] show that magnetic fields at point P (r,0 ) may be demonstrated

as the superposition oftwo fields flowing in opposite directions. The sum of these
fields is presented in the ellipse - Figure 2.

Works [15-18] and figure 2 indicate the semi axes of the elliptic magnetic field.
The value ofthe longer semi axis takes the form

Ha(r,0) = max H (r,0,t)=H21(r,0) +H.(r,0) )

whereas the shorter semi axis is expressed as
Hb(r,0) = min. H (r,0,t) =\H,(r,0) - H2(r,0)1 3
(r.0) = minH (1.0, 1) = }H.(r.0) - H 2(r,0)1, 3)
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The ellipse angle to the actual axis

0(ro ) =2 pp(rye )+pz(r,o )] (4)

2. Elliptical magnetic fields in the internal area of the screen
of the flat 3-phase high current busduct

The total of magnetic fields in the internal area of the screen (r <R3) is
defined with the following formula [:.]
H nm(r,0) =H int(r,0) +H f (r,0) +H 3t(r,0) (5)
Components vector H ”*(r,0) are expressed as

n
T w J"dAnornerd > py

h > ,0)=- K - >) sinn0 (s)
: Hn rJJ R® |r3y dn_
and
n
T T w Foa rd’ pn
HO0i(r,0) = +f - K(-1)n: o+ cosn0 (- a)
: Hr . hn rlrj R3 |R3J dn

The vector H -T(r,0) has only one tangent component in the following form

U
H 02(r,0) = H (7)

2
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Components vector H ;nt (r,0) are expressed with the formulas

int ! -l d npn .
H™ @)Z}[F[J - ;n (R—j - ]smn@ ®)

| I, I,zli(dy ' (da)'Pp
Ho(r,@)=—-+=2% | = | + — | == |cosn® 8a
_@3( ) Yoy 27[};[],[1,} R3n (RSJ c_in] ( )

The phase currents are symmetric

and

.2 .2
I, ZeXp[—]gﬂ']L and 7, ZeXp[]gﬂ']L )

The magnetic field components (4) can be compared with the following field
I,
27 R,
relative components of the total magnetic field in the internal area of the screen
(0<r<R, or 0<&< ) of the 3-phase, 3-pole, flat, high-current busduct.

These components have the form [19]

kim(f,@)z—f{( 1)’ +exp[]3 ﬂ[(ﬁﬂ) (’ljn?gﬂl]smn@ (10)

=0

, and gain their relative forms. After that, we derive formulas for the

o §n+l ﬁ d,
and
hy' (£,0)= ﬁ: {(— 1) + exp[j % ﬂ}} [(gii)ln + (%j % gt ] cosn® (10a)

while 0 <& < f#and 0 < @ < 27 . In the above formulas

p =1, (2j0) K, (2jeB) -1, ,(J2jeP) K, ,(/2jo)  (10b)
d,=1I,, <ﬁa)K,ﬁl (ﬁaﬁ) ~1,.,(2iep) K, (J2ja) (10¢)

ouy _
- . B=

and

where o =kR, for k= (O<ﬁ<l) Z—R—(O<ﬂ<l)

4 3

r
and £ =—.
d R

4
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The functions in the above formulas 1... (*/2ja), K... (*fljafl), ... (Jljafl) and

Kn-."V. l«) are the modified Bessel functions of the firsts and second order,
respectively i.e:n.. andn.: [o].
The distribution of these components for the total magnetic field in the internal

area of the screen of the flat three-phase high current busduct is illustrated in
Figures 3 and 4.

a)
hjnt

b)

Fig. 3. The distribution of relative radial component values for the total magnetic field in the internal
area of the screen of the flat three-phase high current busduct:
a) the modulus, b) the argument
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a)

b)

Fig. 4. The distribution of relative tangent component values for the total magnetic field in the
internal area of the screen of the flat three-phase high current busduct:
a) the modulus, b) the argument

The set of arguments for the radial and tangential field components vary
considerably and therefore at each point measured in a magnetic field, the field is

elliptic, which is characterised by lengths ha(r,. ) and hb(r,. ) of the ellipse

semi axes [21] - Figure 5.
The highest value of the magnetic field intensity, and precisely the value of its
module should be determined from the formula (2) - Figure & .
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The comparison of relative value ha showed in formula (2) with value h = h

indicated in formula (:) in the internal area of the screen with the determined value
ofangle 0 for variable parameter a is demonstrated in figure 7 [22].

havhb

5 10 15 20

Fig. 5 The distribution of relative values of lengths ellipsis semi axes of the magnetic field
in the internal area of the screen of the flat three-phase high current busduct

Fig. « . The distribution of relative the total magnetic field modulus in the internal area of the screen of
the flat three-phase high current busduct
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h, vh

Fig. 7. The distribution of relative values ha and h = h  within the function of parameter a inthe
internal area of the screen

3. Elliptical magnetic fields in the the screen of the flat 3-phase
high current busduct

The magnetic field in the screen (Rs <r < R4) is defined with the following
formula [23]

H e(r,0) =H el(r,0) +H e(r,0) + H &(r,0) (:1)

Formulas the relative components of the total magnetic field in the screen

(R: <r <R.: or i <E <1) of the flat three-phase high current busduct are

exhibited as
K (E,0) = ‘ ' K (- Dn + expfj. h  ng (E)sinnO (12)
Vz Ja N
and
hed(E,0) = ’ ' K (-Dn+expfj2h f (E)cosn0 (:.a)
V. ja/SE Ny
where
K. MVeja) 1, (V. jaE) + a) K,,~V2jaE) 121
g (E)=-A ; {3}
and
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fn@®=@"d - {Kn ™\2ja)nl, @2jat)- aE 1~ (jljaf)}
n (:20)
+ o (\:ja)nK"(T.1ag)+Vv2ra ~ (v2!aE)](
The distribution of these components is illustrated in Figures s and 9.

a)

her

b)

Fig. 8. The distribution of relative radial component values for the total magnetic field in the screen of
the flat three-phase high current busduct: a) the modulus, b) the argument
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b)

<Pe®

Fig. 9. The distribution of relative tangent component values for the total magnetic field in the screen
of the flat three-phase high current busduct: a) the modulus, b) the argument

Component amplitudes of magnetic field intensity within the insulation are not
identical, and furthermore have different starting phases, and therefore the
magnetic field is an elliptical field, which is characterised by lengths ha(r,, ) and

hb(r,0) ofthe ellipsis semi axes - Figure 10.
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hav hb

Fig. 10. The distribution of relative values of lengths ha(r,0) and hb(r,0) ofthe magnetic field
ellipsis semi axes in the screen

We are most freguently interested in the maximum magnetic field intensity
value - Figure 11.

Fig. 11. The distribution of the relative modulus quantity of the total magnetic field
in the screen of the flat three-phase high current busduct

90



D. Kusiak, Z. Piatek, T. Szczegielniak/ Illlustration ofthe ellipticalfield ..

The comparison of the relative value ha with value h = ||h|| in the screen with
the specified value ofangle 0 for variable parameter a is presented in Figure 12.

havh

of parameter a inthe screen

4. Elliptical magnetic fields in the external area of the screen
of the flat 3-phase high current busduct

The magnetic fields in the external area of the screen (r > —4) is defined with
the following formula [24]
H et(r,o )=H T (r,0) +H T (r,0) +H 3"(r,0) (13)
The relative component formulas of the total magnetic field in the external area of
the screen (r >—. or £ >.) of the flat three-phase high current busduct are
expressed as [24]

3 1s An |
h7 (£,0)=-Z (- 1)n+exp”"j ~n . sin no (14)
fi dn £
and
1 S An
ho (£, )=z (-Dn+exp(j”n ~n . cosn0 (14a)
N fidng

The distribution of these components is illustrated in Figures 13 and 14.
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a)
hext

b)

Fig. 13. The distribution of relative radial component values for the total magnetic field in the
external area of the screen of the flat three-phase high current busduct:
a) the modulus, b) the argument
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a)

b)

Fig. 14. The distribution of relative tangent component values for the total magnetic field in the
external area of the screen of the flat three-phase high current busduct:
a) the modulus, b) the argument

The arguments of the components of the H ~ (r,0) magnetic field in the
external area are, following the previous cases, the functions of E and 0
variables. This means that this field is elliptic. This elliptic field can be
characterised by the ha(r,. ) and hb(r,. ) lengths of the ellipse semi-axis -
Figure 15.
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havhb

Fig. 15. The distribution of relative values of lengths ha(r,0) and hb(r,0) ofthe magnetic field
ellipsis semi axes in the external area of the screen

We are most frequently interested in the maximum magnetic field intensity
value - Figure 16.

Fig. 16. The distribution of the relative modulus quantity of the total magnetic field in the external
area of the screenofthe flat three-phase high current busduct

The comparison of relative value ha with value h = ||h|| in the external area of

the screen with the specified value of angle 0 for variable parameter a is
presented in Figure 17.
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havh
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Fig. 17. The distribution of relative values ha and h = ||h|| withinthe function of parameter a
in the external area ofthe screen

5. Conclusions

To conclude, in case of a shielded 3-phase flat high current busduct the skin
effects and the internal proximity effect cause an uneven magnetic field
distribution both in the shield and in its internal and external areas. Resultant
magnetic field has two constants of differing amplitudes and commencing phases.
This results in the field being an elliptic field. For its characterisation we should
use the length values (measurements) Ha(r,0) for both the longer and Hb(r,0)
for the shorter ellipsis semi axis and the angle 0(r,0) between the longer semi
axis and axis of abscissa. These values may be demonstrated after defining
complex constant values for the magnetic fields - formulae (2), (2a) and (3)
respectively.

In transmission lines values Ha(r,0), Hb(r,0) and O0(r,0) change
depending on the position of point P(r,0). Based on the above calculations
(figures 5, 10 and 15) it can be stated that the form of the magnetic field is a
narrow ellipse, where Hb(r,0) >> H a(r,. ).

In technological processes, a significant value is the highest value for the
magnetic field intensity. In the case of elliptic fields, this value is accepted as
length Ha(r,0) ofthe longer ellipsis semi axis. In busducts observed in practise
for power frequencies, the value of parameter a is between 5 and 20. This means
that for the flat 3-phase high current busduct, the value Ha(r,0) is lower than the
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norm value HQ (r,@)” indicated in the formula (1) — Figures 7, 12 and 17. Within

the range of 2 <a <13 the difference between H (r,0) and ‘

E(r,@)H can reach

approximately several (Fig. 12 and 17) of a dozen or so percent (Fig 7).
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