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(54) Conductor for an installation for power distribution and switchgear assembly

(57) The invention relates to a conductor which min-
imizes the disadvantages of the skin effect, a conductor
(1a, 1c) comprising at least one inner region (3a, 3c), at
least two outer regions (4a, 4c, 5a, 5c) and a plurality of
busbars (2a, 2c, 6a, 6c) for conducting alternating cur-
rent, which busbars in each case comprise an electrically
conductive material, wherein at least one central busbar
(2a, 2c) is arranged in the inner region (3a, 3c) and at
least one outer busbar (6a, 6c) is arranged in each case
in the outer regions (4a, 4c, 5a, 5c), is characterized in
that the geometry of the cross-sectional area of at least
one outer busbar (6a, 6c) is different from the geometry
of the cross-sectional area of a central busbar (2a,
2c) .Furthermore, a switchgear assembly comprising at
least one such conductor is proposed.
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Description

[0001] The invention relates to a conductor, in partic-
ular for a low voltage or medium voltage switchgear, com-
prising at least one inner region, at least two outer regions
and a plurality of busbars for conducting alternating cur-
rent, which busbars in each case comprise an electrically
conductive material, wherein at least one central busbar
is arranged in the inner region and at least one outer
busbar is arranged in each case in the outer regions.
Furthermore, the invention relates to a switchgear as-
sembly comprising at least one such conductor.
[0002] Conductors which are used in the field of elec-
trical power distribution are already known. In particular,
conductors which are used in the low-voltage range for
AC distribution are already known.
[0003] As soon as an alternating current flows through
a conductor, the electrical resistance in the interior of the
conductor increases. This results in the majority of the
current being conducted through the outer part of the
conductor.
[0004] This effect is known as the skin effect. In con-
ductors through which relatively high-frequency alternat-
ing current flows, the current density in the interior is lower
than in the outer regions of said conductors. The skin
effect increases the resistance per unit length of an elec-
trical conductor, namely the electrical resistance per unit
length of the conductor.
[0005] The invention is therefore based on the object
of specifying a conductor which minimizes the disadvan-
tages of the skin effect.
[0006] According to the invention, the abovementioned
object is achieved by means of a conductor having the
features of Patent Claim 1.
[0007] Accordingly, the conductor mentioned at the
outset is characterized in that the geometry of the cross-
sectional area of at least one outer busbar is different
from the geometry of the cross-sectional area of a central
busbar.
[0008] It has been recognized according to the inven-
tion that the consequences of the skin effect depend on
the geometry and the arrangement of the busbars of the
conductor. By suitably selecting the geometry of the bus-
bars, the amount of inner conductive material can be re-
duced in the case of the conductor according to the in-
vention. The outer conductive material is suitably shaped
according to the invention such that the current density
distribution is optimized. Owing to the optimization of the
current density distribution, less conductive material
needs to be used in order to generate at least the same
current flow as in conductors which are already known.
To this extent, a conductor which minimizes the disad-
vantages of the skin effect is specified.
[0009] Consequently, the object stated at the outset is
achieved.
[0010] Advantageously, less conductive material is
present in the inner region than in the outer regions. As
a result of this, savings can be made on expensive con-

ductive material such as copper.
[0011] Against this background, the conductive mate-
rial is advantageously copper, wherein the outer busbars
and the central busbar are manufactured from copper.
As a result of this, the conductor is manufactured from
the same material with respect to the conductive material.
[0012] In a further embodiment at least one outer bus-
bar is configured to be L-shaped in cross section. Said
geometric configuration lends increased stiffness to the
conductor than an accumulation of known busbars. This
has the advantage that the conductor requires a support
apparatus which is less complex in terms of design.
[0013] Advantageously, in a further refinement, in each
case two outer busbars are arranged in at least one outer
region, said outer busbars being in each case configured
to be L-shaped in cross section and lying on and/or in
one another such that together they form an L. As a result
of this, a particularly high degree of stability is conferred
on the conductor.
[0014] Against this background, further advanta-
geously in each case two outer busbars are arranged in
two outer regions, said outer busbars being in each case
configured to be L-shaped in cross section and lying on
and/or in one another such that together they form an L.
As a result of this, the conductor has a very high degree
of stability on two outer sides.
[0015] in a further embodiment, the central busbar is
configured to be rectangular in cross section. A central
busbar such as this can be manufactured and fitted eas-
ily.
[0016] Further advantageously, two central busbars
are arranged in the inner region. As a result of this, the
conductor can also be used at very high currents of or
up to approximately 5000 A.
[0017] Furthermore, a switchgear assembly, in partic-
ular a low voltage or medium voltage switchgear is pro-
posed having at least one conductor, as described
above, comprising at least one inner region, at least two
outer regions and a plurality of busbars for conducting
alternating current, which busbars in each case comprise
an electrically conductive material, wherein at least one
central busbar is arranged in the inner region and at least
one outer busbar is arranged in each case in the outer
regions and wherein the geometry of the cross-sectional
area of at least one outer busbar is different from the
geometry of the cross-sectional area of a central busbar.
[0018] In the drawings:

figure 1 shows a conductor from the prior art which
comprises four busbars having a rectangular
cross-sectional area in each case,

figure 2 shows a graph illustrating the current density
distribution within the conductor shown in fig-
ure 1,

figure 3 shows a conductor according to the invention
which comprises four outer busbars having a
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cross-sectional area which is L-shaped in
cross section and having a centrally arranged
central busbar having a rectangular cross-
sectional area,

figure 4 shows a graph illustrating the current density
distribution within an L-shaped subconductor
as shown in figure 3, said subconductor being
formed by two outer busbars,

figure 5 shows a conductor from the prior art which
comprises six busbars having a rectangular
cross-sectional area in each case,

figure 6 shows a graph illustrating the current density
distribution within the conductor shown in fig-
ure 5,

figure 7 shows a conductor according to the invention
which comprises four outer busbars having a
cross-sectional area which is L-shaped in
cross section and having two centrally ar-
ranged central busbars having a rectangular
cross-sectional area in each case, and

figure 8 shows a graph illustrating the current density
distribution within an L-shaped subconductor
as shown in figure 7, said subconductor being
formed by two outer busbars.

[0019] For interrupters at a current of 3200 A, conduc-
tors 1 which comprise four busbars 2 are used at present.
[0020] Figure 1 shows such a conductor 1 having four
busbars 2 and providing a total cross-sectional area of
3200 mm2 for the current flow. Four busbars 2 are ar-
ranged, each of which has a cross-sectional area of 800
mm2. The rectangular cross-sectional area of a busbar
2 is 80 mm long and 10 mm wide. To provide the total
cross-sectional area, the conductor 1 occupies a rectan-
gular area which is 165 mm long and 30 mm wide.
[0021] Figure 2 illustrates the current density distribu-
tion along a horizontal axis, which runs parallel to the
longitudinal extent of the total cross-sectional area of the
conductor 1 shown in figure 1. The figure shows that the
current density is greatest at outer ends of the conductor
1 and decreases towards the centre.
[0022] Figure 3 shows a conductor la according to the
invention, said conductor comprising at least one inner
region 3a, at least two outer regions 4a, 5a and a plurality
of busbars 2a, 6a for conducting alternating current,
which busbars in each case comprise an electrically con-
ductive material, wherein at least one central busbar 2a
is arranged in the inner region 3a and at least one outer
busbar 6a is arranged in each case in the outer regions.
The geometry of the cross-sectional area of at least one
outer busbar 6a is different from the geometry of the
cross-sectional area of a central busbar 2a.
[0023] Less conductive material is present in the inner

region 3a than in the outer regions 4a, 5a. The conductive
material is copper, wherein the outer busbars 6a and the
central busbar 2a are manufactured from copper.
[0024] At least one outer busbar 6a is configured to be
L-shaped in cross section. In each case two outer bus-
bars 6a are arranged in at least one outer region 4a, 5a,
said outer busbars being in each case configured to be
L-shaped in cross section and lying on and/or in one an-
other such that together they form an L. In each case two
outer busbars 6a are arranged in two outer regions 4a,
5a, said outer busbars being in each case configured to
be L-shaped in cross section and lying on and/or in one
another such that together they form an L. The central
busbar 2a is configured to be rectangular in cross section.
[0025] Figure 3 shows a conductor la according to the
invention for a current of 3200 A. Said conductor com-
prises four outer busbars 6a, which are designed to be
L-shaped in cross section. Said outer busbars 6a are
bent from four flat coarse copper bars, the originally rec-
tangular cross-sectional area of which was 100 mm long
and 5 mm wide. Each two outer busbars 6a which lie on
one another and are designed to be L-shaped in cross
section form an L-shaped subconductor.
[0026] In addition, a central busbar 2a of copper which
has a rectangular cross-sectional area of 40 mm long
and 10 mm wide, however, is provided. The central bus-
bar 2a forms an inner subconductor.
[0027] The total cross-sectional area which is available
for the current flow is 2400 mm2 and is 25% smaller than
that of the conductor 1 shown in figure 1.
[0028] Figure 4 illustrates the current density distribu-
tion along the horizontal axis with reference to an L-
shaped subconductor as shown in figure 3. The figure
shows that the current density values are evenly distrib-
uted and exhibit smaller deviations from the maxima and
minima of the current density distribution curve. The ex-
tent of higher current density values in the interior of the
conductor 1a is greater than in the case of the conductor
1.
[0029] For interrupters at a current of 5000 A, conduc-
tors 1b which comprise six busbars 2b are used at
present.
[0030] Figure 5 shows a conductor 1b having six bus-
bars 2b and providing a total cross-sectional area of 6000
mm2 for the current flow. Six busbars 2b are arranged,
each of which has a cross-sectional area of 1000 mm2.
The rectangular cross-sectional area of a busbar 2b is
100 mm long and 10 mm wide. To provide the total cross-
sectional area, the conductor 1b occupies a rectangular
area which is 204 mm long and 50 mm wide.
[0031] Figure 6 illustrates the current density distribu-
tion along the horizontal axis, which runs parallel to the
longitudinal extent of the total cross-sectional area of the
conductor 1b shown in figure 5.
[0032] Figure 7 shows a conductor 1c according to the
invention, said conductor comprising at least one inner
region 3c, at least two outer regions 4c, 5c and a plurality
of busbars 2c, 6c for conducting alternating current,
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which busbars in each case comprise an electrically con-
ductive material, wherein at least one central busbar 2c
is arranged in the inner region 3c and at least one outer
busbar 6c is arranged in each case in the outer regions.
The geometry of the cross-sectional area of at least one
outer busbar 6c is different from the geometry of the
cross-sectional area of a central busbar 2c.
[0033] Less conductive material is present in the inner
region 3c than in the outer regions 4c, 5c. The conductive
material is copper, wherein the outer busbars 6c and the
central busbar 2c are manufactured from copper.
[0034] At least one outer busbar 6c is configured to be
L-shaped in cross section. In each case two outer bus-
bars 6c are arranged in at least one outer region 4c, 5c,
said outer busbars being in each case configured to be
L-shaped in cross section and lying on and/or in one an-
other such that together they form an L. In each case two
outer busbars 6c are arranged in two outer regions 4c,
5c, said outer busbars being in each case configured to
be L-shaped in cross section and lying on and/or in one
another such that together they form an L. The central
busbar 2c is configured to be rectangular in cross section.
Two central busbars 2c are arranged in the inner region
3c.
[0035] Figure 7 shows a conductor 1c according to the
invention for a current of 5000 A. Said conductor com-
prises four outer busbars 6c, which are designed to be
L-shaped in cross section. Said outer busbars 6c are
bent from four flat coarse copper bars, the originally rec-
tangular cross-sectional area of which was 120 mm long
and 5 mm wide. Each two outer busbars 6c which lie on
one another and are designed to be L-shaped in cross
section form an L-shaped subconductor.
[0036] In addition, two central busbars 2c of copper
which have rectangular cross-sectional area of in each
case 80 mm long and 10 mm wide, however, are provid-
ed. The two central busbars 2c form an inner subcon-
ductor.
[0037] The total cross-sectional area which is available
for the current flow is 4000 mm2 and is 33% smaller than
that of the conductor 1b shown in figure 5.
[0038] Figure 8 illustrates the current density distribu-
tion along the horizontal axis with reference to the L-
shaped subconductor shown in figure 7. The figure
shows that the current density values are evenly distrib-
uted and exhibit smaller deviations from the maxima and
minima of the current density distribution curve. The ex-
tent of higher current density values in the interior of the
conductor 1c is greater than in the case of the conductor
1b.
[0039] The conductors according to the invention
which are shown here are used in switchgear assem-
blies, in particular in switchgear assemblies for energy
distribution, power distribution or AC distribution.

List of reference signs

[0040]

1, 1a, 1b, 1c conductor
2, 2a, 2b, 2c central busbar
3a, 3c inner region
4a, 4c outer region
5a, 5c outer region
6a, 6c outer busbar

Claims

1. Conductor (1a, 1c) comprising at least one inner re-
gion (3a, 3c), at least two outer regions (4a, 4c, 5a,
5c) and a plurality of busbars (2a, 2c, 6a, 6c) for
conducting alternating current, which busbars in
each case comprise an electrically conductive ma-
terial, wherein at least one central busbar (2a, 2c) is
arranged in the inner region (3a, 3c) and at least one
outer busbar (6a, 6c) is arranged in each case in the
outer regions (4a, 4c, 5a, 5c),
characterized in that the geometry of the cross-
sectional area of at least one outer busbar (6a, 6c)
is different from the geometry of the cross-sectional
area of a central busbar (2a, 2c).

2. Conductor according to Claim 1, characterized in
that less conductive material is present in the inner
region (3a, 3c) than in the outer regions (4a, 4c, 5a,
5c).

3. Conductor according to Claim 1 or 2, characterized
in that the conductive material is copper, wherein
the outer busbars (6a, 6c) and the central busbar
(2a, 2c) are manufactured from copper.

4. Conductor according to one of the preceding claims,
characterized in that at least one outer busbar (6a,
6c) is configured to be L-shaped in cross section.

5. Conductor according to one of the preceding claims,
characterized in that in each case two outer bus-
bars (6a, 6c) are arranged in at least one outer region
(4a, 4c, 5a, 5c), said outer busbars being in each
case configured to be L-shaped in cross section and
lying on and/or in one another such that together
they form an L.

6. Conductor according to one of the preceding claims,
characterized in that in each case two outer bus-
bars (6a, 6c) are arranged in two outer regions (4a,
4c, 5a, 5c), said outer busbars being in each case
configured to be L-shaped in cross section and lying
on and/or in one another such that together they form
an L.

7. Conductor according to one of the preceding claims,
characterized in that the central busbar (2a, 2c) is
configured to be rectangular in cross section.
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8. Conductor according to one of the preceding claims,
characterized in that two central busbars (2a, 2c)
are arranged in the inner region (3a, 3c).

9. A switchgear assembly, in particular a low voltage
or medium voltage switchgear assembly, comprising
at least one conductor (1a,1c) according to one of
the claims 1 to 8.
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