EP 2 704 157 A1

(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(43) Date of publication:
05.03.2014 Bulletin 2014/10

(21) Application number: 12198209.4

(22) Date of filing: 19.12.2012

(11) EP 2704 157 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
HO01B 17/54(2006.01)
F28D 15/02 (2006.01)

HO1B 17/26 (2006.07)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: ABB Technology Ltd
8050 Ziirich (CH)

(72) Inventors:
e Johansson, Lars
771 90 Ludvika (SE)

Stahl, Robert

771 92 Ludvika (SE)

* Wang, Lu
770 13 Grangérde (SE)

¢ Kaufmann, Patrik
5400 Baden (CH)

* Birgerson, Jonas

784 41 Borléange (SE)

(74) Representative: Savela, Reino Aleksi
ABB AB
Intellectual Property
Ingenjor Baaths Gata 11
721 83 Vasteras (SE)

(54)  Electrical insulator bushing

(67)  The presentinvention relates to an electrical in-
sulator bushing (1) comprising: an electrically insulating
sleeve (2) having a central longitudinal through hole (4)
surrounding a central longitudinal axis (5) of the bushing;
and an electrical conductor (3) positioned through the
central longitudinal through hole of the sleeve; wherein
the conductor comprises a cavity (6) extending longitu-
dinally along the conductor and having an opening at one
end; wherein the cavity is arranged for accommodating
a heat-pipe, the heat-pipe comprising a fluid being con-
tained in a closed system arranged for transferring heat
along the bushing, and wherein the cavity is arranged for
allowing the heat-pipe to be introduced into and removed
from said cavity via its opening.
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Description
TECHNICAL FIELD

[0001] The invention relates to an electrical insulator
bushing comprising an electrically insulating sleeve hav-
ing a central longitudinal through hole, and an electrical
conductor positioned through the central longitudinal
through hole of the sleeve.

BACKGROUND

[0002] Abushingisahollow electrical insulator through
which a conductor may pass. Bushings are used where
high voltage lines must pass through a wall or other sur-
face, on switchgear, transformers, circuit breakers and
other high voltage equipment. A bushing is used for pass-
ing a high voltage line from an oil-filled transformer,
whereby the bushing is an oil-to-air bushing with a part
in oil in the transformer and a part in air outside of the
transformer. Other bushings are air-to-air bushings e.g.
passing high voltage lines through a wall.

[0003] Resistive heat losses in a bushing arise evenly
along the conductor. The heat is primarily dissipated to
the environment at the upper and lower ends of the bush-
ing. The heat is transported from the central part to the
ends by conduction and sometimes by convection. Even
though it is rarely used, it is also known that the heat can
be transported by an evaporating medium, a so called
heat pipe. In order to prevent high temperature rise of
the conductive rod, a thicker conductive rod can be used
to reduce the current density and thereby reduce the heat
generated. However a thicker rod leads to increased ma-
terial consumption and cost.

[0004] A heat pipe or heat pin is a heat-transfer device
that combines the principles of both thermal conductivity
and phase transition to efficiently manage the transfer of
heat between a hot interface and a cooler interface. The
function of a heat pipe is to evaporate a liquid at the hot
interface of the pipe and to condense it at the cooler in-
terface where the heat is to be dissipated.

[0005] A given bushing with a defined central space
for a conductor has different current carrying capacity
duetoheatgeneration depending on what size conductor
it is provided with. Typically a flexible conductor gives
comparatively low current carrying capacity and a solid
rod or tube conductor gives higher capacity. In the same
way copper conductors give higher capacity than alumin-
ium. The same basic bushing can be given various cur-
rent ratings depending on which conductor it is equipped
with. If the bushing is provided with a heat-pipe, the rating
can also be increased. Thus, a bushing can handle a
higher current, withoutthe need to use alarger conductor,
if the conductor is equipped with a heat-pipe. However,
a heat-pipe renders the bushing more expensive to pro-
duce and maintain and may not be needed for regular
bushings. Instead, special bushings with heat pipes are
produced especially for applications where such im-
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proved heat transfer is needed.

[0006] CN 101369483 (application number CN 2008
10115462.2) discloses a heat pipe bushing for transform-
ers, comprising a conductive pipe, a radiator, a main in-
sulating layer, an insulating sleeve and a connecting
bushing. The conductive pipe is a hollow metal pipe that
is connected to the radiator at one end and filled with
environmentally-friendly, non-combustible cooling liquid.
The exterior of the conductive pipe is wrapped with the
main insulating layer, and the insulating sleeve and the
connecting flange are installed on the exterior of the main
insulating layer. The radiator is a hollow metal cavity
whose internal cavity is connected to hollow cavity of the
conductive pipe. The cooling liquid absorbs the heat gen-
erated by the conductive pipe and evaporates into gas,
which rises to the radiator for external heat discharge;
following this, it is condensed upon cooling and reflows
to the conductive pipe.

[0007] WO 2007/107119 discloses a current carrier
combined with heat-pipe which comprises a fluid with low
boiling point. The current carrier can be used for the bush-
ing of electrical equipment, the primary winding of a cur-
rent transformer, a great current bus and so on.

SUMMARY

[0008] Itis an objective of the present invention to im-
prove the flexibility and usability of a bushing by allowing
it to be used over a wider range of currents, being ad-
justable for different current ratings depending on the
need.

[0009] According to an aspect of the presentinvention,
there is provided an electrical insulator bushing compris-
ing: an electrically insulating sleeve having a central lon-
gitudinal through hole surrounding a central longitudinal
axis of the bushing; and an electrical conductor posi-
tioned through the central longitudinal through hole of
the sleeve; wherein the conductor comprises a cavity ex-
tending longitudinally along the conductor and having an
opening at one end; wherein the cavity is arranged for
accommodating a heat-pipe, the heat-pipe comprising a
fluid being contained in a closed system arranged for
transferring heat along the bushing, and wherein the cav-
ity is arranged for allowing the heat-pipe to be introduced
into and removed from said cavity via its opening.
[0010] According to another aspect of the present in-
vention, there is provided a detachable heat pipe com-
prising: a heat conducting tube; and a fluid partly filling
the tube; wherein the heat conducting tube at least partly
forms a closed system containing the fluid; and wherein
the heat pipe is configured for being detachably inserted
into a longitudinally extending cavity of an electrical con-
ductor positioned through the central longitudinal through
hole of an electrical insulator bushing.

[0011] By designing the bushing and its electrical con-
ductor such that a heat pipe can be optionally added or
removed, the bushing is made more flexible in respect
of the currents it can be used for, and the bushing can
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be provided with an additional rating for when a heat pipe
is used. At the same time, the same bushing can be used
without a heat pipe if the current is such that no heat pipe
is required.

[0012] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, appa-
ratus, component, means, step, etc., unless explicitly
stated otherwise. The steps of any method disclosed
herein do not have to be performed in the exact order
disclosed, unless explicitly stated. The use of "first", "sec-
ond" etc. for different features/components of the present
disclosure are only intended to distinguish the features/
components from other similar features/components and
not to impart any order or hierarchy to the features/com-
ponents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig 1 is a schematic side view of a transformer with
an embodiment of abushing of the presentinvention.

Fig 2 is a schematic longitudinal section of an em-
bodiment of a bushing of the present invention.

Fig 3 is a schematic longitudinal section of an em-
bodiment of a detachable heat pipe in accordance
with the present invention.

Fig 4 is a schematic longitudinal section of another
embodimentof adetachable heatpipein accordance
with the present invention.

Fig 5 is a schematic cross-sectional view of an em-
bodiment of a conductor in accordance with the
present invention.

Fig 6 is a schematic cross-sectional view of another
embodiment of a conductor in accordance with the
present invention.

Fig 7 is a schematic cross-sectional view of another
embodiment of a conductor in accordance with the
present invention.

DETAILED DESCRIPTION

[0014] The invention will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which certain embodiments of the invention are
shown. This invention may, however, be embodied in
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many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in
the art. Like numbers refer to like elements throughout
the description.

[0015] The conductor is configured for conducting
electrical current through the bushing. Thus, at least a
part of the conductor is made of an electrically conducting
material, e.g. a metal such as cupper. In high-voltage
applications, especially for alternating current (AC), the
conductor conveniently comprises an electrically con-
ducting tube since the skin effect results in the current
only travelling at the surface of a conductor whereby a
tube can be used to save conducting material. According
to embodiments of the present invention, the heat pipe
cavity or cavities is defined by wall surfaces of such con-
ducting material, e.g. between conducting tubes, be-
tween a conducting tube and another structure, or inside
a wall of such a conducting tube whereby the cavity or
cavities can form longitudinal pipes in the wall of the tube.
[0016] The cavity is a through or blind hole or space
extending along the conductor longitudinal axis and hav-
ing an opening at at least one longitudinal end of the hole,
via which opening the heat pipe can be arranged into the
cavity.

[0017] The fluid can be any suitable fluid which has a
boiling point at a desired operating temperature of the
electrical conductor. The fluid can e.g. be water or a fluor-
ocarbon.

[0018] It should be noted that the bushing may be con-
figured for accommodating any number of heat-pipes,
according to different embodiments of the present inven-
tion.

[0019] The sleeve is made of an electrically insulating
material, e.g. rubber such as silicon rubber, plastic, glass
or a ceramic such as porcelain, or combinations thereof.
The function of the sleeve is to insulate the conductor
from e.g. a wall which the bushing is intended to pass
through. In some embodiments, the sleeve may comprise
an insulating condenser core which may be formed by a
aninsulating material or material combination e.g. includ-
ing plastics, paper, oil etc. Such a condenser core may
extend along and in parallel with the cavity (or the heat-
pipe formed therein) at least partly, where other parts of
the longitudinal extension of the cavity (or the heat-pipe
formed therein) may be covered/insulated by another
media e.g. a gas. The sleeve has a longitudinal through
hole or opening along the central longitudinal axis of the
bushing, the sleeve thus surrounding but not intersecting
said central longitudinal axis of the bushing.

[0020] The bushing of the present invention can be
beneficial in both direct current (DC) and alternating cur-
rent (AC) applications.

[0021] Insome embodiments the cavity is arranged for
accommodating the heat-pipe by said cavity being ar-
ranged for allowing the fluid to be introduced into the
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cavity via its opening and for allowing the opening to be
blocked to form the closed system. According to these
embodiments, the heat-pipe is formed by the liquid fluid
being poured, or otherwise introduced directly into the
cavity. The opening of the cavity is then blocked e.g. by
means of a cap or plug, or by means of a condenser
(discussed below) being attached over the opening. Thus
the closed system of the heat-pipe can be formed by the
cavity itself and the blocking of its opening. This can be
an easy and inexpensive way of forming a heat pipe in
the conductor of the bushing. The present invention also
covers the bushing further comprising the fluid, after it
has been introduced into the cavity, and wherein the
opening has been blocked to form the closed system.
[0022] In some embodiments, the cavity is arranged
for accommodating the heat-pipe by said cavity being
arranged for receiving a heat conducting tube partly filled
with the fluid. According to these embodiments, the fluid
is not introduced directly into the cavity. Rather, the fluid
is already contained in a heat conducting tube, i.e. a tube
made from a heat conducting material, and the heat con-
ducting tube can be positioned in the cavity. This may be
a more simple way of introducing the heat pipe into the
conductor where the heat pipe may be easily introduced
and/or removed from the cavity without having the risk
of spilling the fluid etc. It also makes the fluid more easily
reusable. Also, the heat pipe may have been prepared
as a permanent closed system, reducing the risk of leak-
age at e.g. a cavity blockage. The present invention cov-
ers the bushing being arranged to receive such a heat
pipe and also covers the bushing further comprising the
heat conducting tube partly filled with the fluid, detacha-
bly having been inserted into the cavity through/via its
opening.

[0023] In some embodiments, the bushing also com-
prises comprising a heat conducting condenser (i.e. a
condenser made from a heat conducting material) which
is part of the heat-pipe closed system and extends out-
side of the cavity via the opening. By using a condenser,
the heat transfer from the conductor to the outside of the
bushing can be improved. The fluid can thus vaporize
down inside the cavity where the conductor may have a
hotspot, and rise to the condenser where it can be cooled
and condensed, dissipating the heat, more efficiently
than if the heat pipe was completely contained in the
conductor. It is noted, however, that in some embodi-
ments, a condenser may not be needed and in those
embodiments the heat pipe can be used for transporting
heat from a hot spot of the conductor to a cooler part of
the conductor.

[0024] Insomeembodiments, the cavity is eccentrical-
ly located in the conductor such that said cavity does not
intersect the central longitudinal axis of the bushing. It
may be an advantage to use an eccentrically located cav-
ity for forming a heat pipe in a bushing since this allows
the central space of the solid pipe-formed conductor (the
space along the central longitudinal axis of the bushing)
to be free for other use. An example of a convenient use
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of the central space includes a centric draw rod arranged
for connecting an electricity line/cable to an end of the
bushing conductor at a first end of the bushing from the
side of the opposite second end of the bushing. Itis also
possible to use a solid rod conductor instead of a tube,
or to draw a flexible conductor (a cable) through the cen-
tral space. To use a heat pipeis an efficient way of cooling
abushing by transferring heat formed by resistance with-
in the bushing, from the bushing to an ambient medium.
However, in other embodiments, it may be convenient to
use the central space of the conductor for accommodat-
ing a heat pipe, whereby it may not be needed to e.g.
drill additional hole(s) in the pipe conductor for accom-
modating the heat-pipe. That the cavity is eccentric
means that it is not positioned in or along the central
longitudinal axis of the bushing. Thus, the cavity does
not intersect the central longitudinal axis of the bushing.
The cavity extends longitudinally along at least a part of
the longitudinal extension of the bushing, such that the
heat pipe can transfer heat from one longitudinal position
where it is desired to lower the temperature (typically an
inner position of the bushing) to another longitudinal po-
sition (typically an outer position of the bushing, possibly
even beyond an end of the sleeve since the sleeve also
insulates heat). A problem with using the hollow cavity
of the conductive pipe as a heat pipe is that this cavity
then cannot be used for other parts of, or associated with,
the bushing. This central cavity is often needed for other
purposes, e.g. to locate a flexible or solid rod conductor
which carries the bushing current or to arrange a draw
rod which holds a bottom contact connected to the bush-
ing end, electrically connecting the winding of the trans-
former with the bushing conductor.

[0025] Figure 1 is a schematic illustration of a trans-
former 8 where a bushing 1 is used for conducting an
electrical current (I, U) through the casing of the trans-
former 8. The transformer may be an oil-filled transform-
er. The transformer may be a high-voltage transformer,
whereby a high-voltage current is passed from the trans-
former through the conductor of the bushing 1. The bush-
ing 1 may thus have aninner oil-immersed part at a lower
end of the bushing inside the transformer 8, and an outer
part in air at an upper end of the bushing outside of the
transformer, whereby the bushing, by means of its con-
ductor, may conduct current from e.g. a winding of the
transformer, through the casing of the transformer and
to e.g. an air-borne line of a power distribution network,
the bushing 1 insulating the current from the casing and
any other external structures.

[0026] Figure 2 schematically illustrates an embodi-
ment of a bushing 1 ofthe presentinvention. The bushing
1 is schematically shown in a longitudinal section along
the central longitudinal axis 5 of the bushing. The bushing
1 of figure 1 is a tubular or essentially cylindrical device
wherein a electrically insulating sleeve 2 forms an enve-
lope surface surrounding the bushing in its longitudinal
direction in parallel with the longitudinal axis 5. The
sleeve insulates an electrical conductor 3 from external
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structures, such as a wall through which the bushing is
to be arranged. The conductor 3 is arranged within and
through a longitudinal central through hole 4 of the
sleeve, through which hole 4 also the central longitudinal
axis 5 runs. The conductor 3 is configured to conduct an
electrical current (AC or DC) through the bushing 1 (in
the figure this is schematically illustrated by a current (I,
U) entering at the lower end of the bushing and exiting
at the upper end of said bushing, but the opposite direc-
tion, or alternating current, is of course equally possible).
In the embodiment of the figure, the conductor 3 is in the
form of a hollow tube or cylinder, forming a central space
or cavity 9 through which the central longitudinal axis 5
passes. As discussed above, this central space 9 can be
used for different things, such as a draw rod or the like,
or for accommodating a heat-pipe. Alternatively, a solid
conductor 3, without a central space 9, can be used. With-
in the conductor 3, there may be formed at least one (two
are shown in the figure) eccentrically located cavity 6
extending longitudinally along the conductor 3. The cav-
ities of the embodiment of figure 2 are eccentric and do
not intersect the central longitudinal axis 5. The cavities
6 can accommodate a heat pipe e.g. by being at least
partly filled with a fluid or a heat conducting pipe partly
filled with a fluid, forming a heat pipe for transporting heat
from within the bushing out towards at least one of the
ends of the bushing. The cavities 6 can e.g. comprise
longitudinal pipes formed within the wall of the conductor
3 tube or cylinder. In the embodiment of the figure, the
heat pipes of the cavities 6 also comprise one or more
condensers 7. There may be a condenser 7 at an end of
the bushing 1, preferably extending longitudinally beyond
the sleeve 2 in order to improve heat dissipation. If the
condenser 7 is positioned at an upper end of the bushing
7, condensed fluid may flow back into the cavity part of
the heat pipe (to once again be evaporated) by act of
gravity. Insome embodiments, each condenser 7 is com-
prised exclusively in one heat pipe, but it is also contem-
plated that a condenser 7 may be comprised in a plurality
of heat pipes. In view of gravity, as mentioned above, the
condensers 7 are conveniently positioned at the end of
the bushing 1 intended to be an upper end of the bushing
when in use. However, in some embodiments, it may be
convenient to arrange condensers 7 at both ends of the
bushing, e.g. allowing a heat pipe to be connected to a
condenser 7 at each end of the bushing, or allowing one
heat pipe to be connected to a condenser at an end of
the bushing and another heat pipe to be connected to a
condenser at another (opposite) end of said bushing.
[0027] Figure 3illustrates an embodiment of a detach-
able heat pipe configured for being inserted and/or with-
drawn from a cavity 6 or 9 of the conductor 3. A heat
conducting pipe 10 forms a closed system enclosing the
fluid 11 therein.

[0028] Figure 4 illustrates another embodimentof ade-
tachable heat pipe configured for being inserted and/or
withdrawn from a cavity 6 or 9 of the conductor 3. A heat
conducting pipe 10 forms a closed system together with
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a condenser 7, enclosing the fluid 11 therein.

[0029] Figure 5 schematically illustrates an embodi-
ment of a conductor 3. The conductor is shown in a cross-
section perpendicular to the longitudinal axis 5. Accord-
ing to the embodiment of figure 5, the conductor 3 com-
prises a hollow tube or cylinder of an electrically conduct-
ing material. The hollow tube conductor 3 forms the cen-
tral space 9 discussed above in relation to figure 2. In
the longitudinal envelope wall of the conductor tube 3, a
plurality of pipe shaped cavities 6 are defined. The
number of cavities 6 may vary greatly depending on de-
sign of the bushing/conductor and the need for heat ex-
change. Here, four cavities are shown as an example.
Each of the cavities 6 are configures for accommodating
a heat-pipe, as discussed herein. The cavities may con-
veniently be essentially equidistantly distributed along
the circumference of the tube 3, within the wall of said
tube 3, in order to achieve heat exchange relatively even-
ly around the conductor 3. Additionally or alternatively,
the central space 9 can be used for accommodating a
heat pipe.

[0030] Figure 6 schematically illustrates another em-
bodiment of a conductor 3. The conductor is shown in a
cross-section perpendicular to the longitudinal axis 5. Ac-
cording to the embodiment of figure 6, the conductor 3
comprises a hollow tube or cylinder of an electrically con-
ducting material. The hollow tube conductor 3 forms the
central space 9 discussed above in relation to figure 2.
In the longitudinal envelope wall of the conductor 3, at
least one (here a plurality are shown) cavity 6 is defined.
According to the embodiment of figure 6, the cavity or
cavities 6 has an elongated cross-section extending
along the conductor 3 wall, following the curving of the
wall. The number of cavities 6 may vary greatly depend-
ing on design of the bushing/conductor and the need for
heat exchange. Here, two cavities are shown as an ex-
ample. Each of the cavities 6 are configures for accom-
modating a heat-pipe, as discussed herein. The cavities
6 (of there is more than one) may conveniently be es-
sentially equidistantly distributed along the circumfer-
ence of the tube 3, within the wall of said tube 3, in order
to achieve heat exchange relatively evenly around the
conductor 3. Additionally or alternatively, the central
space 9 can be used for accommodating a heat pipe.
[0031] Figure 7 schematically illustrates another em-
bodiment of a conductor 3. The conductor is shown in a
cross-section perpendicular to the longitudinal axis 5. Ac-
cording to the embodiment of figure 7, the conductor 3
comprises two concentrically arranged hollow tubes or
cylinders of an electrically conducting material. The inner
hollow tube 3a of the conductor 3 forms the central space
9through which the centrallongitudinal axis 5 of the bush-
ing runs. The eccentrically located cavity 6 is formed be-
tween the inner tube 3a and the outer tube 3b of the
conductor 3. The cavity 6 is configured for accommodat-
ing a heat-pipe, as discussed herein. In this embodiment,
the cavity 6 extends, in the transvers plane, 360° around
the central space 9 within the conductor 3, allowing the
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heat to be exchanged more evenly in the conductor 3.
Additionally or alternatively, the central space 9 can be
used for accommodating a heat pipe.

[0032] Theinvention has mainly beendescribed above
with reference to a few embodiments. However, as is
readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally
possible within the scope of the invention, as defined by
the appended patent claims.

Claims
1. An electrical insulator bushing (1) comprising:

an electrically insulating sleeve (2) having a cen-
tral longitudinal through hole (4) surrounding a
central longitudinal axis (5) of the bushing; and
an electrical conductor (3) positioned through
the central longitudinal through hole (4) of the
sleeve;

wherein the conductor (3) comprises a cavity (6;
9) extending longitudinally along the conductor
(3) and having an opening at one end;
wherein the cavity (6; 9) is arranged for accom-
modating a heat-pipe, the heat-pipe comprising
a fluid being contained in a closed system ar-
ranged for transferring heat along the bushing
(1), and

wherein the cavity (6; 9) is arranged for allowing
the heat-pipe to be introduced into and removed
from said cavity via its opening.

2. The bushing of claim 1, wherein the cavity (6; 9) is
arranged for accommodating the heat-pipe by said
cavity being arranged for allowing the fluid to be in-
troduced into the cavity via its opening and for allow-
ing the opening to be blocked to form the closed sys-
tem.

3. The bushing of claim 2, further comprising the fluid
(11), having been introduced into the cavity (6; 9),
wherein the opening is blocked to form the closed
system.

4. The bushing of claim 1, wherein the cavity (6; 9) is
arranged for accommodating the heat-pipe by said
cavity being arranged for receiving a heat conducting
tube (10) partly filled with the fluid (11).

5. The bushing of claim 4, further comprising the heat
conducting tube (10) partly filled with the fluid (11),
detachably inserted into the cavity (6; 9) through its
opening.

6. The bushing of claim 3 or 5, further comprising a
heat conducting condenser (7) which is part of the
heat-pipe closed system and extends outside of the

10

15

20

25

30

35

40

45

50

55

cavity (6; 9) via the opening.

7. The bushing of any preceding claim, wherein the

cavity (6; 9) is eccentrically located in the conductor
(3) such that said cavity does notintersect the central
longitudinal axis (5) of the bushing.

8. A detachable heat pipe comprising:

a heat conducting tube (10); and

a fluid (11) partly filling the tube;

wherein the heat conducting tube (10) at least
partly forms a closed system containing the fluid
(11); and

wherein the heat pipe is configured for being de-
tachably inserted into a longitudinally extending
cavity (6; 9) of an electrical conductor (3) posi-
tioned through the central longitudinal through
hole (4) of an electrical insulator bushing (1).

9. The detachable heat pipe of claim 8, further com-

prising:

a heat conducting condenser (7) which is part
of the heat-pipe closed system and is configured
for extending outside of the cavity (6; 9).
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