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(54) AN ELECTRICAL CONNECTION TO AN ELECTRICAL CONDUCTOR ROD

(67)  The present invention relates to an electrical
connection arrangement (100) for connecting to an elec-
trical conductorrod (1), the electrical connection arrange-
ment (100) comprises: tubular electrical conductor (102)
comprising a tubular end portion (104) with an inner di-
ameter (d1) larger than the outer diameter (d2) of the
electrical conductor rod (1), the tubular end portion (104)
is adapted to receive an end portion (2) of the electrical
conductor rod (1) inside the inner diameter (d1) of the

tubular end portion (104), the tubular end portion (104)
of the tubular electrical conductor (102) comprises at
least one longitudinal cut (106); a clamp (108) adapted
to surround an outer diameter (d3) of the tubular end
portion (104) of the tubular electrical conductor (102), the
clamp (108) is configured to apply a variable force on the
tubular end portion (104) to connect the tubular end por-
tion (104) and the end portion (2) of the electrical con-
ductor rod (1) mechanically and electrically.
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Description

Field of the Invention

[0001] The present invention relates to an electrical
connection arrangement for connecting to an electrical
conductor rod.

Background

[0002] Electrical connections to cylindrical rod conduc-
tors of an electric bushing for medium voltage applica-
tions are subject to electrical stress. To reduce electrical
stress and avoid dielectric breakdown the diameter of
the connecting rod conductors should be large which also
means thata relatively large amount of materialis needed
which consequently leads to a costly connection.
[0003] Traditionally, the connection is made by screw-
ing a threaded massive bar into a threaded hole of the
mating conductor. The electrical connection is provided
through the threads themselves or through spring washer
which often causes an unstable electrical connection.
[0004] Accordingly, thereis room forimprovement with
regards to connections to electrical rod conductors, es-
pecially in medium voltage applications.

Summary

[0005] Inview of the above-mentioned and other draw-
backs of the prior art, it is an object of the present inven-
tion to provide an electrical connection arrangement that
at least partly alleviates the deficiencies with prior art.
[0006] Accordingtoafirstaspectoftheinvention,there
is provided an electrical connection arrangement for con-
necting to an electrical conductor rod, the electrical con-
nection arrangement comprises: a tubular electrical con-
ductor comprising a tubular end portion with an inner di-
ameter larger than the outer diameter of the electrical
conductor rod, the tubular end portion is adapted to re-
ceive an end portion of the electrical conductor rod inside
the inner diameter of the tubular end portion, the tubular
end portion of the tubular electrical conductor comprises
atleast one longitudinal cut; a clamp adapted to surround
the outer diameter of the tubular end portion of the tubular
electrical conductor, the clamp is configured to apply a
variable force on the tubular end portion to connect the
tubular end portion and the end portion of the electrical
conductor rod mechanically and electrically.

[0007] The present invention is at least partly based
on the realization that a suitable outer diameter of the
electrical conductor can be achieved without the need
for a massive conductor. Further, it was realized that a
massive conductoris not required from a resistance point
of view of the electrical connection. Therefore, a tubular
electrical conductor is provided to reduce the amount of
material of the conductor without compromising the elec-
trical resistance requirement. Further, in order to connect
the tubular conductor to the electrical connection rod, a
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clamp is provided that is configured to apply a force on
the overlapping portion between the tubular electrical
conductor and the electrical conductor rod. The overlap-
ping portion, or electrical connection area, is where the
electrical conductor rod is inside tubular electrical con-
ductor.

[0008] The cutin the tubular end portion of the tubular
electrical conductor facilitates for inserting the electrical
rod conductor in the tubular electrical conductor since it
allows for the tubular end portion to flex a little radially
outwards, and to deform when exposed to the clamp
force. By applying the force on the tubular end portion,
the clamp deforms the splittubularend portion and press-
es or forces it onto the electrical rod conductor to provide
sufficient electric contact. A longitudinal cut may equally
be considered a longitudinal slit or split.

[0009] Inembodiments,the clamp may comprise afirst
clamp portion and a second clamp portion adapted to be
fitted from opposite sides of the tubular end portion to
jointly surround the outer diameter of the tubular end por-
tion, wherein the first clamp portion comprises through-
holes for arrangement of screws to be fitted in matching
threads of the second clamp portion. This advantageous-
ly provides for varying the force applied by the clamp by
the tightening of the screws. Screws provide a simple yet
robust way of forcing the first clamp portion and a second
clamp portion towards each other to press the splittubular
end portion onto the electrical conductor rod.

[0010] In embodiments, the first clamp portion may
comprise a groove or a hole for fitting of the heads of the
screws below an adjacent outer surface of the first clamp
portion when the screws are tightened in the threads of
the second clamp portion through the through-holes of
the first clamp portion. The groove or hole is advanta-
geously a countersink for the screws. By hiding the
screws in holes or groves, sparkover to adjacent electri-
cal phases including electrical connection arrangements
can be avoided or at least the risk of sparkover can be
reduced.

[0011] In embodiments, the at least one longitudinal
cut may reach to the inlet of the tubular end portion, the
inlet is adapted to receive the electrical conductor rod.
Thereby, the tubular end portion is split in one or more
portions to facilitate insertion of the electrical conductor
rod. The electrical connection arrangement may com-
prise two or more longitudinal cuts.

[0012] In embodiments, at least one longitudinal cut
may be arranged so that the clamp force is directed to
reduce or close a width of the at least one longitudinal
cut. The clamp force may be directed substantially per-
pendicular to a longitudinal axis of the tubular electrical
conductor.

[0013] Inembodiments, a wall thickness of the tubular
electrical conductor may be substantially smaller than
the inner diameter of the tubular electrical conductor. A
smaller wall thickness advantageously reduces the
amount of material of the tubular electrical conductor.
However, the wall thickness should be thick enough to
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provide sufficiently low electrical resistance.

[0014] Preferably, the clamp is electrically conductive.
Thus, the clamp may be made from a metal or a metal
alloy.

[0015] In embodiments, edges of the outer surfaces of

the clamp are rounded edges. For example, radiuses of
the edges of the outer surfaces of the clamp exceed 8
mm, preferable exceed 12 mm, more preferably exceed
15 mm. Rounded edges are preferred in order to reduce
electrical stress and avoid breakdown to adjacent phases
or to the ground tank. The edge radiuses depend on the
voltage difference level according to the relevant stand-
ard. A larger edge radius is preferred to reduce the elec-
trical stress.

[0016] In embodiments, bend radiuses of the tubular
electrical conductor may be at least 15 mm, preferably
at least 20 mm, more preferably at least 30 mm. A larger
bend radius reduces the risk of breakdown to adjacent
electrical phases compared to a smaller bend radius.
[0017] The electrical connection arrangement is pref-
erably adapted for medium voltage application in the volt-
age range of 1-52 kV, preferably 10-42 kV, more prefer-
ably one of 12 kV, 24 kV, 36 kV, 38kV, and 40.5 kV.
[0018] In embodiments, the clamp may be configured
to cover the connection area between the tubular elec-
trical conductor and the electrical rod conductor.

[0019] Further features of, and advantages with, the
present invention will become apparent when studying
the appended claims and the following description. The
skilled person realizes that different features of the
present invention may be combined to create embodi-
ments other than those described in the following, without
departing from the scope of the present invention.

Brief Description of the Drawings

[0020] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing an example embod-
iment of the invention, wherein:

Fig. 1 conceptually illustrates three electric phases
each including an electrical connection arrangement
according to embodiments of the invention;

Fig. 2 conceptually illustrates an electrical connec-
tion arrangement according to embodiments of the
invention;

Fig. 3 is afirst cross section of an electrical connec-
tion arrangement according to embodiments of the
invention;

Fig. 4Ais illustrates a tubular end portion of a tubular
electrical conductor according to embodiments of
the invention;

Fig. 4B is illustrates a tubular end portion of a tubular
electrical conductor according to embodiments of
the invention;

Fig. 4Cisillustrates a tubular end portion of a tubular
electrical conductor according to embodiments of
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the invention; and

Fig. 5 is a second cross section of an electrical con-
nection arrangement according to embodiments of
the invention.

Detailed Description of Example Embodiments

[0021] Inthe present detailed description, various em-
bodiments of the present invention are herein described
with reference to specific implementations. In describing
embodiments, specific terminology is employed for the
sake of clarity. However, the invention is not intended to
be limited to the specific terminology so selected. While
specific exemplary embodiments are discussed, it should
be understood that this is done for illustration purposes
only. A person skilled in the relevant art will recognize
that other components and configurations can be used
without parting from the scope of the invention.

[0022] Fig. 1 conceptually illustrates three phases 1a-
c of a power distribution unit 3. The power distribution
unit 3 includes a gas filled housing 5 in which the phases
1a-c are connected to a cable that lead to power users
such as a houses, building, factories, or similar units.
[0023] The power distribution unit 3 can be a circuit
breaker and/or load break switch and/or switch-fuse dis-
connector and/or just disconnector, or a general-purpose
switch.

[0024] Switchgears are used in electric power systems
to control, protect, and isolate electrical equipment. In
distribution nets, switchgears are located on both the high
voltage and the low voltage side of power transformers.
[0025] Further, the unit 3 may be a secondary gas in-
sulated switchgear in which the components of the unit
3 are housed in tank 5 which is typically filled with an
insulating gas. The components may include various
switches, fuses, and circuit breakers for the implemen-
tation at hand.

[0026] Each phase 1a-c comprises an electrical con-
nection arrangement 100 which will be described in more
detail with reference to subsequent drawings. The elec-
trical connection arrangement 100 is connected to an
electrical conductor rod 1 of an electric bushing 7 ar-
ranged between the electrical connection arrangement
100 and the housing 5.

[0027] Turning to fig. 2 showing a perspective view of
an electrical connection arrangement 100 for connecting
to an electrical conductor rod 1 according to embodi-
ments of the invention. Fig. 3 is a cross-section of the
electrical connection arrangement 100.

[0028] The electrical connection arrangement 100
comprises a tubular electrical conductor 102 and a clamp
108. The tubular electrical conductor 102 includes a tu-
bular end portion 104 with an inner diameter d1 which is
larger than the outer diameter d2 of the electrical con-
ductor rod 1. This means that the electrical conductor rod
1 can fit inside the tubular end portion 104. Thus, the
tubular end portion 104 is adapted to receive an end por-
tion 2 of the electrical conductor rod 1 inside the inner
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diameter d1 of the tubular end portion 104. As is better
seen in figs. 4A-C, the tubular end portion 104 of the
tubular electrical conductor 102 comprises at least one
longitudinal cut 106. The longitudinal cut 106 may be
parallel with the longitudinal axis 126 of the tubular end
portion 104. However, a deviation from parallel is also
acceptable.

[0029] Furthermore, the electrical connection arrange-
ment 100 comprises a clamp 108 adapted to surround
the outer diameter d3 of the tubular end portion 104 of
the tubular electrical conductor 102. The clamp 108 is
configured to apply a variable force on the tubular end
portion 104 of the tubular electrical conductor 102 to con-
nect the tubular end portion 104 and the end portion 2 of
the electrical conductor rod 1 mechanically and electri-
cally.

[0030] The clamp 108 is thus adapted to apply a force
on the tubular end portion 104 to press the tubular end
portion 104 onto the outer surface of the end portion 2
of the electrical conductor rod 1. The clamp 108 is con-
figured as an electric field controller meaning that by var-
ying the clamping force the resistance of the electrical
connection between the tubular electrical conductor 102
and the electrical conductor rod 1 is varied. Thus, the
clamp 108 provides for improved electrical connection.
Further, the clamp 108 provides for hiding the electrical
connection area 107 between the tubular electrical con-
ductor 102 and the electrical conductor rod 1 to increase
the dielectric withstand voltage level of the connection.
Hiding the electrical connection area in the conductive
clamp 108 reduces local electric stresses or it hides the
high electric stress points. The electrical connection area
107 is where the tubular electrical conductor 102 and the
electrical conductor rod 1 make contact.

[0031] Figs. 4A-C illustrates the tubular end portion
104 of example tubular electrical conductors 102.
[0032] The tubular end portion 104 may comprise a
single longitudinal cut 106 as illustrated in fig. 4A, or mul-
tiple longitudinal cuts 106, here exemplified in fig. 4B by
two longitudinal cuts 106, and in fig. 4C by four longitu-
dinal cuts 106. Preferable, the number of cuts 106 is in
the range of 2 to 20, preferably 2 to 4 cuts. The number
of cuts depend on the difference between the outer di-
ameter of the electrical conductor rod 1 and the inner
diameter d1 of the tubular end portion 104 to allow for
fitting of the electrical conductor rod 1 in the tubular end
portion 104 with sufficient tolerance. In addition, the ma-
terial of the tubular electrical conductor 102, material
thickness t, and the clamping force also affectthe number
of preferred slits of cuts 106. The cuts may be symmet-
rically arranged around the circumference of the tubular
end portion 104.

[0033] A typical difference between inner diameter d1
of tubular end portion 104 and outer diameter d2 of the
electrical conductor rod 1 is in the range of 0,5mm to
2,5mm, preferable 1,5mm. Further, the outer diameter
d3 tubular electrical conductor 102 is typically in the range
of 15 mm to 32 mm, or preferably in the range of 18 mm-
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22 mm. Preferably, the wall or material thickness t of the
tubular electrical conductor 102 is substantially smaller
than the inner diameter d1 of the tubular electrical con-
ductor 102. A typical diameter d2 of the electrical con-
ductor rod 1 is in the range of 12 mm to 30 mm, where
apreferable diameter is about 15 mm. A typical wall thick-
ness tis in the range of 1-4 mm.

[0034] Further, to allow for the clamp 108 to deform
the tubular end portion 104 and to facilitate the fitting of
the electrical conductor rod 1 in the tubular end portion
104, it is preferred if the longitudinal cut 106 reaches to
the inlet 122 of the tubular end portion 104. The inlet 122
is adapted to receive the electrical conductor rod 1. In
otherwords, the tubular end portion 104, where the clamp
104 is arranged for applying the clamp force, is split by
the longitudinal cuts 106.

[0035] Turning again to fig. 3, the clamp force as pro-
vided by the clamp 108 is directed substantially perpen-
dicular to a longitudinal axis 126 of the tubular electrical
conductor 102. This causes a deformation of the tubular
end portion 104 which reduces the outer diameter d3 of
the tubular end portion 104. For longitudinal cuts 106
arranged off-center from the longitudinal axis 126 relative
the clamp force, the clamp force is directed to reduce or
close a width w of the at least one longitudinal cut 106.

[0036] Inordertoreduce the risk of discharge between
the phases 1a-1c or between a live phase and the hous-
ing 5in fig 1, the bend radiuses of the tubular electrical
conductor 102 are at least 15 mm, preferably at least 20
mm, more preferably at least 30 mm, such as about 40
mm.

[0037] Turning now to fig. 5 illustrating another cross-
section of the electrical connection arrangement 100, the
clamp 108 comprises a first clamp portion 110a and a
second clamp portion 110b adapted to be fitted from op-
posite sides of the tubular end portion 104. In this way,
the clamp portions 110a-b jointly surround the outer di-
ameter d3 of the tubular end portion 104.

[0038] Thefirstclamp portion 110a comprises through-
holes 112a,b for arrangement of screws 114 to be fitted
in matching threads 115 of the second clamp portion
110b. By tightening the screws in the threads 115, the
first clamp portion 110a and the second clamp portion
110b are pressed together to thereby apply a clamping
force to the tubular end portion 104 arranged in-between
the first clamp portion 110a and the second clamp portion
110b. The first clamp portion 110a and the second clamp
portion 110b jointly form a circular receiving space 119
where the tubular end portion 104 and the end portion 2
of the electrical conductor rod 1 is received.

[0039] Thefirstclamp portion 110a comprises agroove
or a hole, or a counter sink 116 for fitting of the heads
118 of the screws 114 below an adjacent outer surface
120 of the first clamp portion 110a when the screws 114
are tightened in the threads 115 of the second clamp
portion 110b through the through-holes 112a,b of the first
clamp portion 110a. Thus, the screw heads 118 are hid-
den in the counter sink 116 so that high electric stress
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points are avoided or at least reduced.

[0040] The clamp 108 is electrically conductive and is
made from a conductive material, typically a steel alloy,
an aluminum alloy, or a Zink alloy

[0041] Furthermore, the edges of the outer surfaces
130 of the clamp 108 are rounded edges 130 to reduce
the electrical stress and unwanted discharge. In fig. 2, 3,
and 5 some example edges are denoted 130.

[0042] With the rounded edges of the clamp 108 and
large bend radius of the tubular electrical conductor 102,
the phases 1a-c can be arranged closer to each other,
thereby reducing the space required for the phases.
[0043] The radii of edges 130 of the outer surfaces of
the clamp exceed 8 mm, preferable exceed 12 mm, more
preferably exceed 15 mm, such as for example 20mm.
[0044] In the exemplified embodiments, two screws
114 are shown fitted through a respective trough hole
112a,b of the first clamp portion 110a and tightened in
threads 115 of the second clamp portion 110b. However,
the number of screws may vary depending on the specific
implementation at hand. The dimensions of the screws
are preferable in the range of M8 to M12.

[0045] Although the electrical connection arrangement
100 shown herein can be applied to various implemen-
tations, the electrical connection arrangement 100 is
most advantageously adapted for medium voltage appli-
cation. The voltage range for such medium voltage ap-
plications is in the voltage range of 1-52 kV, or more
preferably in the range of 10-42 kV. Some example me-
diums voltages that are especially suitable include any
one of 12 kV, 24 kV, 36 kV, 38 kV, and 40.5 kV.

[0046] Even though the invention has been described
with reference to specific exemplifying embodiments
thereof, many different alterations, modifications and the
like will become apparent for those skilled in the art.
[0047] Additionally, variations to the disclosed embod-
iments can be understood and effected by the skilled
person in practicing the claimed invention, from a study
ofthe drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage.

Claims

1. An electrical connection arrangement (100) for con-
necting to an electrical conductor rod (1), the elec-
trical connection arrangement (100) comprises:

a tubular electrical conductor (102) comprising
a tubular end portion (104) with an inner diam-
eter (d1) larger than the outer diameter (d2) of
the electrical conductor rod (1), the tubular end
portion (104) is adapted to receive an end por-
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tion (2) of the electrical conductor rod (1) inside
the inner diameter (d1) of the tubular end portion
(104), the tubular end portion (104) of the tubular
electrical conductor (102) comprises at least
one longitudinal cut (106);

a clamp (108) adapted to surround an outer di-
ameter (d3) of the tubular end portion (104) of
the tubular electrical conductor (102), the clamp
(108) is configured to apply a variable force on
the tubular end portion (104) to connect the tu-
bular end portion (104) and the end portion (2)
of the electrical conductor rod (1) mechanically
and electrically.

The electrical connection arrangement according to
claim 1, wherein the clamp (108) comprises a first
clamp portion (110a) and a second clamp portion
(110b) adapted to be fitted from opposite sides of
the tubular end portion (104) to jointly surround the
outer diameter (d3 of the tubular end portion (104),
wherein the first clamp portion (110a) comprises
through-holes (112a,b) for arrangement of screws
(114) to be fitted in matching threads (115) of the
second clamp portion (110b).

The electrical connection arrangement (100) accord-
ing to claim 2, wherein the first clamp portion (110a)
comprises a groove (116) or a hole for fitting of the
heads (118) of the screws (114) below an adjacent
outer surface (120) of the first clamp portion (110a)
when the screws (114) are tightened in the threads
(115) of the second clamp portion (110b) through
the through-holes (112a,b) of the first clamp portion
(110a).

The electrical connection arrangement (100) accord-
ing to claim 3, wherein the groove or hole is a coun-
tersink (116) for the screws.

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein the
atleastone longitudinal cut (106) reaches to the inlet
(122) of the tubular end portion (104) adapted to re-
ceive the electrical conductor rod (1).

The electrical connection arrangement (100) accord-
ing to claim 5, comprising two or more longitudinal
cuts.

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein at
least one longitudinal cut (106) is arranged so that
the clamp force is directed to reduce or close a width
(w) of the at least one longitudinal cut (106).

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein the
clamp force is directed substantially perpendicular
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to a longitudinal axis (126) of the tubular electrical
conductor (102).

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein a
wall thickness (t) of the tubular electrical conductor
(102) is substantially smaller than the inner diameter
(d1) of the tubular electrical conductor (102).

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein the
clamp (108) is electrically conductive.

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein edg-
es of the outer surfaces (130) of the clamp (108) are
rounded edges (130).

The electrical connection arrangement (100) accord-
ing to claim 9, wherein radii of the edges (130) of the
outer surfaces of the clamp exceed 8 mm, preferable
exceed 12 mm, more preferably exceed 15 mm.

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein bend
radiuses of the tubular electrical conductor (102) are
atleast 15 mm, preferably atleast 20 mm, more pref-
erably at least 30 mm.

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, the electrical
connection arrangement (100) is adapted for medi-
um voltage application in the voltage range of 1-52
kV, preferably 10-42 kV, more preferably 12 kV, 24
kV, 36 kV, 38 kV, and 40.5 kV.

The electrical connection arrangement (100) accord-
ing to any one of the preceding claims, wherein the
clamp is configured to cover the connection area be-
tween the tubular electrical conductor (102) and the
electrical rod conductor (1).
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