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(67)  The presentinvention relates to a gas insulated
electric apparatus (1) comprising an enclosure (7) and
an electric high voltage appliance (9) located inside the
enclosure. The enclosure (7) contains an insulation gas
(8) comprising at least 70 % by volume of CO,. The in-
sulation gas has an elevated and pre-determined oper-
ating gas pressure level. The enclosure (7) comprises a
CO,-barrierarrangement (15) adapted to reduce the per-
meability of CO, through the enclosure wall.

GAS INSULATED ELECTRIC APPARATUS WITH MEANS TO PREVENT GAS LEAKAGE
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a gas insulat-
ed electric apparatus with means to prevent gas leakage.

BACKGROUND ART

[0002] In gas insulated electric apparatuses such as
medium and high voltage switchgears or control gears
an electrical active part is arranged in a gas-tight enclo-
sure or housing. The enclosure or housing defines an
insulating space that is arranged to contain an insulation
gas at an elevated pressure, which can be several bars.
The insulating space separates the enclosure from the
electrical active part without letting electrical current pass
through. The insulation gas serves as an electric insula-
tion medium and prevents electric discharge between
the enclosure and the electrical components inside the
enclosure. Further, the insulation gas serves as a cooling
medium for suppressing temperature rise due to electric
current. In a switchgear which typically comprises a cir-
cuit breaker and/or a disconnector, the insulation gas al-
so serves as an arc-extinguishing medium for extinguish-
ing arcs that may occur at the switching operation. Con-
ventionally, sulphur hexafluoride gas (SFg or SF6 gas)
has been widely used as insulation gas. However, in view
of the known environmental drawbacks of SF6, the use
of other insulation gases has been proposed, such as
carbon dioxide (CO,) gas.

[0003] Generally, the enclosure of the gas insulated
electrical apparatuses is filled with the insulation gas up
to a pre-determined operational rated gas pressure level
before it is taken into operation. The pre-determined
pressure level can be chosen depending on the insulation
gas, switched current/voltage and/or the switching ca-
pacity of the electric apparatus. The pressure level is
measured during the operation continuously or at pre-
determined intervals. If the gas pressure level is below
a pre-defined lowest acceptable pressure level, also
called alarm level, an alarm is generated to the operator.
If the alarm is generated, the enclosure should be filled
with insulation gas to the pre-determined operational gas
pressure level. If the enclosure is not replenished, there
is a risk that the insulation gas pressure will continue to
decrease and consequently operational disturbances are
caused. Normally, the electrical apparatus has a pre-de-
fined blocking pressure level (also named lock-out gas
pressure level) and when the blocking pressure level is
reached, the function of the gas insulated electric appa-
ratus will be blocked and cease. When the gas insulated
electrical apparatus is a switchgear, it is usually config-
ured to react in one of two ways: either the function of
the gas insulated electric apparatus will be blocked such
that it will not be possible to open or close the electric
contact of the switchgear, or the electric contact will be
forced open and stay open. The refilling operation and
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monitoring of the alarms in the electrical apparatuses are
time and labour consuming tasks. Therefore, there is a
need to reduce service occasions while operational dis-
turbances of gas insulated electrical apparatuses are ef-
fectively avoided.

SUMMARY OF THE INVENTION

[0004] Theinventors of the presentinvention have not-
ed that refilling due to reduced gas pressure level occur
more frequently in gas insulated electric apparatuses
having CO,-based gas as an insulation gas compared
to electric apparatuses comprising SF6 as an insulation
gas. It has been discovered that there can be a problem
with leakage of CO,-based gas resulting in pressure drop
in the insulators, which occurs faster than in prior art gas
insulated apparatuses. It was discovered that the leak-
age occurs through the insulation material of the enclo-
sure and through sealings of the enclosure. It was not
expected that the permeation would be so much higher
than before, especially in view that the insulation material
used in the enclosures of the electrical apparatuses today
resists gas leakage of SF6 very well. It was discovered
that one reason for the leakage can be a higher operating
pressure of CO, gas which can be about 12 bar, which
is about twice the pressure required for SF6 gas (normally
5-7 bar).

[0005] The leakage leads to a need to refill the insula-
tion gas more often than previously when SF6 has been
used. For example, there may be a need to refill CO,
after already two to four years which would mean a con-
siderable increase in service efforts compared to appa-
ratus having SF6 as insulation gas. Therefore, a new
problem of reducing service occasions in connection with
CO, insulated electrical apparatuses was realized.
[0006] The insulation material of the enclosure is nor-
mally manufactured from an epoxy-based composite ma-
terial, which has excellent insulating, e.g. electrical and
thermal, properties and mechanical properties and are
suitable for the demanding conditions e.g. of circuit
breakers.

[0007] Therefore,thereis adesire to maintain the prop-
erties of the insulation material as close to the previous
epoxy composite insulator material properties as possi-
ble. In addition CO, leakage needs to be avoided or at
least substantially reduced.

[0008] In view of the discovered problems stated
above, itis an objective of the presentinvention to provide
a gas insulated electric apparatus comprising an enclo-
sure and an electric high voltage appliance inside the
enclosure which has decreased need for service occa-
sions and thus has improved operational robustness.
Further, it is an objective to provide an enclosure with
insulation material with excellent insulating properties
while CO, leakage is avoided or at least substantially
reduced.

[0009] The objectives above are attained by a gas in-
sulated electric apparatus comprising an enclosure and
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an electric high voltage appliance inside the enclosure,
wherein the enclosure contains an insulation gas com-
prising at least 70 % by volume of CO,. The insulation
gas has an elevated and pre-determined operating gas
pressure level. The enclosure comprises a CO,-barrier
arrangement. The CO,-barrier arrangement is adapted
to reduce the permeability of CO, through an enclosure
wall of the enclosure. The gas may contain different
amounts of CO, for example from 75 to 100 % by volume
of CO,, and the remainder up to 100% by volume may
contain other gases, such as oxygen.

[0010] The CO,-barrier arrangement can be provided
in different ways. Suitably, the enclosure comprises an
enclosure wall which comprises or is connected to the
CO,-barrier arrangement. In this way a space saving and
robust barrier can be provided.

[0011] The enclosure wall has an inner surface of in-
sulation material which may comprise or be arranged in
contact with the CO,-barrier arrangement. Thus, flexibil-
ity e.g. with regard of different materials is improved. The
whole enclosure wall may comprise or consist of the in-
sulation material. Also, the barrier arrangement can be
a component of the insulation material, which can be a
composite material. The barrier properties may be ob-
tained or increased by using fillers, such as clay, in the
insulation material.

[0012] According to avariant, the CO,-barrier arrange-
ment is a coating on the inner surface of the enclosure
wall. In this way it is possible to arrange the barrier ar-
rangement in contact with the insulation gas in the en-
closure. Alternatively, the COo-barrier arrangement can
be comprised as a component in the insulation material
of the enclosure wall. In this case the barrier may be
provided as fillers in the insulation material of the enclo-
sure wall. Thus, a compact barrier construction can be
obtained.

[0013] Accordingtoanotherembodimentthe innersur-
face of the enclosure wall comprises a separate layer of
insulation material, and wherein the CO,-barrier arrange-
ment is a coating on an inner surface and/or the outer
surface of the separate insulation material layer. Thus,
the CO,-barrier arrangement can be arranged in many
different ways, e.g. to an insulator body in a post-treat-
ment process. Alternatively, the inner surface of the en-
closure wall comprises a separate layer of insulation ma-
terial, and wherein the CO,-barrierarrangementis acom-
ponent in the separate layer of insulation material. Also
in this case the barrier may be provided as fillers in the
separate layer of insulation material and a compact bar-
rier construction can be obtained.

[0014] The coating can be a layer comprising SiO,
compound. Such compounds are electrically inert, stable
and tolerate e.g. temperature variations well. According
to one variant, the coating is a glass film layer. Such films
can be applied directly to the enclosure wall when the
enclosure is produced or in a post-treatment process.
Thus, manufacture of such barriers is flexible.

[0015] Alternatively or additionally, the coating is a lay-
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er obtained by means of chemical vapor deposition, pref-
erably plasma impulse chemical vapor deposition. For
example, a SiO,-containing layer can be obtained in such
a way. Such treatment can be suitably performed during
the manufacture of the insulator body.

[0016] The enclosure can be sealed with one or more
sealings comprising a CO,-barrier arrangement adapted
to reduce the permeability of CO, through the sealings.
In this way the barrier properties are further improved.
The sealings can be made of a polymeric material of var-
ious types, for example NBR or EPDM rubber, but is not
limited to these materials.

[0017] The electric high voltage appliance can be a
high voltage interrupter. Alternatively, the electric appa-
ratus can be a gas insulated live tank circuit breaker, or
a gas insulated dead tank circuit breaker, or a gas insu-
lated switchgear. It may alternatively be a control gear
such as a gas insulated instrument transformer. In either
one of these apparatuses it will be of great value to have
an apparatus that will have a reliable functionality for
many years without requiring refilling of insulation gas.
[0018] The gasinsulated electric apparatus may be an
outdoor gas insulated electric apparatus. It is an advan-
tage that the apparatus according to the invention is suit-
able for outdoor use.

[0019] Suitably, the operating gas pressure level is
from 1.0 MPa up to 1.2 MPa. The barrier arrangement
of the present disclosure is especially suitable for uses
in electrical apparatus having high operating pressures.
[0020] Furtherfeatures and advantages are described
below in the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will now be described in more de-
tail with reference to the enclosed schematic drawings
given only as examples in which:

Fig. 1 shows a schematic perspective view of a gas
insulated electric apparatus; and

Fig. 2 shows a partial cross section view of the gas
insulated electric apparatus of Fig. 1 with an enclo-
sure wall comprising a CO,-barrier arrangement.

Fig. 3 shows a partial cross section view of the gas
insulated electric apparatus of Fig. 1 with an enclo-
sure wall comprising another example of a CO,-bar-
rier arrangement.

DETAILED DESCRIPTION

[0022] The gas insulated electric apparatus of the
presentdisclosure can be a gas insulated circuit breaker.
ltcanfindits application as a gas insulated live tank circuit
breaker or a gas insulated dead tank circuit breaker. Al-
ternatively, the gas insulated electric apparatus may e.g.
be a gas insulated switchgear, or a control gear such as
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a gas insulated instrument transformer. The gas insulat-
ed apparatus can be suitable for use outdoors.

[0023] The gasinsulated electric apparatus comprises
generally an electrically insulating enclosure having a
wall made of a polymeric material and/or a composite
material capable to resist the pressure inside the enclo-
sure and can be for example an epoxy-based material.
The inner surface of the enclosure wall, i.e. the surface
facing an insulation space in which the insulation gas is
contained, comprises or consists of insulation material.
The insulation material can be provided in the form of a
separate layer connected to the enclosure wall or it may
be the inner surface of the enclosure wall, which is made
ofthe insulating material. The separate layer ofinsulating
material may be the same or different material as the
material the enclosure is made of. For example, the layer
may comprise glass fibres which may also re-inforce the
enclosure wall structure. The outer surface of the enclo-
sure, i.e. the surface facing the surroundings of the en-
closure, can comprise a plurality of sheds. The sheds
may extend along the whole or partial length of the en-
closure.

[0024] According to the invention, the enclosure com-
prises or is connected to a COy-barrier arrangement.
Usually, the inner surface of the enclosure which is cov-
ered with an insulation material layer, comprises or is in
contact with the CO,-barrier arrangement.

[0025] The insulation material of the enclosure com-
prises or consists of an inert material having insulating
properties so that the electrical apparatus can function
as desired. By insulating properties is meant in this ap-
plication at least electrically insulating properties, i.e. that
the material does not conduct electricity. The insulation
material may comprise or consist of a polymeric material.
Preferably, the insulation material is a composite material
comprising a polymeric material and a reinforcing insu-
lation material to increase the mechanical and electrical
stability of the material. Suitable polymeric materials in-
clude but are not limited to materials based on epoxy
resins and synthetic rubbers. The reinforcing insulation
material can be for example glass fibres or fibres or fila-
ments of other inert materials having good mechanical
and thermal stability. According to one embodiment, the
insulation material of the enclosure is epoxy reinforced
with glass fibres, which provide excellentinsulating prop-
erties, and mechanical and thermal stability. Alternatively
or additionally, a separate insulation material layer may
be provided in any suitable manner on the inner surface
of the enclosure wall. For example, the separate insula-
tion material layer may be provided as a tube which may
be fitted to be in close-fitting contact with the inner surface
of the enclosure wall.

[0026] According to the present invention, the enclo-
sure comprises a COy-barrier arrangement. The
CO,-barrier arrangement may be provided in different
ways. The enclosure wall may comprise or be arranged
to be connected to a CO,-barrier arrangement. Alterna-
tively or additionally, the enclosure may comprise a sep-
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arate insulation material layer arranged to be in contact
with the enclosure wall, which separate insulation mate-
rial layer may comprise or be in contact witha CO»-barrier
arrangement. For example, the CO,-barrier arrangement
may be provided as a coating on the inner surface of the
enclosure wall or on the inner and/or the outer surface
of the separate insulation material layer. For example,
the CO,-barrier arrangement may be in the form of a
porcelain tube. Thus, when a composite insulator or in-
sulation layer or the enclosure is manufactured, the por-
celain tube can be placed on a mandrel of a filament
winding machine, and the filaments used for the enclo-
sure are wound directly on the porcelain tube. The por-
celain tube thus constitutes the CO,-barrier arrangement
and the filaments are comprised in the insulator for the
electric apparatus. Alternatively, the enclosure wall or
the separate insulation layer may be coated and the coat-
ing may be a layer comprising SiO, compound and/or
the coating may be a glass film layer. Alternatively or
additionally, the coating can be a SiO,-containing layer
obtained by means of chemical vapor deposition, pref-
erably plasma impulse chemical vapor deposition.
[0027] According to a further alternative, the CO,-bar-
rier arrangement can be provided as a componentin, i.e.
integrated with, the insulation material of the enclosure
wallorthe separate insulation layer. Thus it can constitute
a component in the composite insulation material. The
barrier can be provided for example in the form of filler
particles and/or a chemical filling material, which are in-
cluded in the insulation material.

[0028] In Fig. 1 is schematically illustrated a gas insu-
lated electric apparatus 1 according to the invention. The
electric apparatus in the example is a circuit breaker, e.g.
acircuit breaker for one pole in athree pole circuit breaker
assembly. The circuit breaker 1 comprises a hollow upper
high voltage (HV) unitinsulator 3 and a hollow lower sup-
port insulator 5. The upper insulator and the lower insu-
lator are connected to each other so that a lower end of
the upper insulator 3 is connected to an upper end of the
lower insulator 5 by means of attachment means. To-
gether, the hollow upper insulator 3 and the hollow lower
insulator 5 form an enclosure 7 that delimits an insulation
space 10. The enclosure 7 is filled with an insulation gas
8, as shown in Fig. 2.

[0029] Fig. 2 further illustrates the upper insulator 3
more in detail. As shown in the drawing, the gas insulated
electric apparatus further includes an electric high volt-
age appliance 9 located inside the enclosure 7 in the
insulation space 10. In the illustrated example showing
a circuit breaker, the high voltage appliance 9 is a high
voltage interrupter that is located inside the upper insu-
lator 3. The interrupter may e.g. be a puffer type inter-
rupter as shown in Fig. 2. The upper end of the upper
insulator 3 comprises a top cover 11, which closes off
the enclosure 7.

[0030] In the examples of Fig. 2 and 3 the enclosure 7
comprises an enclosure wall 12 of e.g. epoxy composite
material, which is insulating, and defines and surrounds
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the insulation space 10. The inner surface of the enclo-
sure wall 12 forms suitably a cylindrical, preferably cir-
cular cylindrical, shape. The outer surface of the wall 12
comprises a plurality of sheds 16 that extend along the
length of the enclosure wall 12. Thus, the wall 12 radially
surrounds the insulation space 10 and suitably comprises
or is consisted of insulation material 14, e.g. the epoxy
composite material.

[0031] InFig. 2, the wall 12 comprises on its inner sur-
face a further separate insulation material layer 14’
which has an inner surface facing the insulation space
10 and an outer surface facing the enclosure wall 12.
The separate insulation material layer 14’ may be of the
same or different material as the enclosure wall 12 ma-
terial. In the example shown in Fig. 2, the inner surface
of the separate insulation material layer 14’ comprises
glassfibres and comprises a coatinglayer 15 of e.g. glass
film, which constitutes the CO,-barrier arrangement.
However, the CO,-barrier arrangement could be of other
type and provided in any suitable way as described
above. The coating layer 15 could be alternatively or ad-
ditionally sandwiched between the enclosure wall 12 and
the separate insulation material layer 14’.

[0032] Inthe example of Fig. 3, the enclosure 7 is struc-
turally similar to the example of Fig. 2, except that there
is no separate insulation material layer 14’ on the inner
surface of the enclosure wall 12. Instead, the CO,-barrier
arrangement 15 is arranged as a coating layer directly
on the inner surface of the enclosure wall 12, which com-
prises or consists of insulation material. Alternatively, the
CO,-barrier arrangement could be arranged as a filler
material in the insulation material 14 of the enclosure wall
12.

[0033] The enclosure 7 in both Fig. 2 and 3 comprises
a number of sealings 21 suitably placed at all connection
areas. The sealings may be sealings located in contact
areas between metal parts, between metal and polymer
or rubber materials, or between parts made of rubber or
polymer materials. The sealings are located in different
contact areas of the parts of the apparatus, both for seal-
ing of the enclosure towards the exterior as well as seal-
ings applied to parts and components inside the enclo-
sure. Examples of sealing areas where sealings are used
are the contact area between the upper insulator 3 and
the lower insulator 5, the contact area between the upper
insulator 3 and the top cover 11, sealings between the
lower insulator 5 and the mechanism housing 13 and
parts of the mechanism housing, sealings associated
with the HV interrupter or other HV electric appliance of
the electric apparatus. The material suitable for the seal-
ings can be e.g. polymeric materials, such as NBR or
EPDM rubber, but is not limited to these materials. Pref-
erably, also the sealings comprise or are connected to a
COy-barrier arrangement. The CO,-barrier arrangement
may be provided to the sealings in a similar manner as
described above in connection with the enclosure wall 12.
[0034] Reference is now made back to Fig. 1. At the
lower end of the lower insulator 5 is arranged a mecha-
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nism housing 13. Inside the mechanism housing 13 is
located a link mechanism adapted to connect a lower
end of a supportinsulator pullrod 17 to an operating shaft
19. The pull rod is adapted to extend all the way up
through the lower insulator 5 into the upper insulator 3
where itis connected to the high voltage appliance 9, i.e.
the interrupter. Thus the interrupter of the circuit breaker
can be operated by means of the operating shaft 19. In
athree pole circuit breaker assembly, the operating shaft
19 will be connected to the circuit breakers of all three
poles and they can consequently be operated simulta-
neously. The mechanism housing 13 also includes con-
nections (not shown) to a gas pipe (not shown) for filling
the enclosure with gas and e.g. a connection (not shown)
to a gas density monitor device (not shown). The gas
pipe connection comprises a non-return valve.

[0035] The insulation gas 8 used in the electric com-
prises at least 70 % by volume of CO,. The remainder
up to 100 % by volume in the insulation gas may also
comprise e.g. oxygen O, or another gas to an extent of
less than 30 % by volume.

[0036] The enclosure 7 is suitably filled with insulation
gas to a pre-determined operational gas pressure, which
is determined based on the insulation gas, switched cur-
rent/voltage and/or the switching capacity of the electric
apparatus. The pressure level preferably exceeds a pre-
determined and tested blocking gas pressure level of the
electric apparatus. For example, the filling pressure of
the gas including CO, can be from 1.0 MPa up to 1.2
MPa (12 bar), i.e. the absolute pressure of the total gas
measured at 20°C. By absolute pressure is meant zero-
referenced pressure against a perfect vacuum, the pres-
sure being thus equal to gauge pressure plus atmospher-
ic pressure. For example, in case a gas insulated electric
apparatus having CO, as insulation gas and NBR rubber
(nitrile butadiene rubber) sealings, the enclosure is filled
with gas to a pre-determined operational pressure of from
about 1.1 MPa to 1.2 MPa in order to fulfil the circuit
breaking function. This pressure is also referred to as an
elevated and pre-determined operating gas pressure lev-
el. An alarm pressure can then be pre-determined and
set to a value of for example 1.01 MPa. Thus, when the
pressure is decreased and reaches the value of 1.01
MPa, an alarm is generated. The alarm is suitably gen-
erated automatically. To ensure the functionality of the
electric apparatus, a blocking pressure is set to a pre-
determined value, which can be e.g. 1.0 MPa. If the pres-
sure is decreased and the blocking pressure level is
reached, the function of the gas insulated electric appa-
ratus will be blocked and cease. In this way also an in-
dication of CO,-leakage is obtained.

[0037] Usually, the enclosure is filled with insulation
gas to a pre-determined rated gas pressure level at the
production plantand tested. The rated gas pressure level
is the working gas pressure at which the apparatus is
intended to work. The gas pressure is then lowered again
for storage and transport. At the installation site, the en-
closure is again filled up with gas to the rated gas pres-
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sure level, before it is taken into operation.

[0038] The invention shall not be considered limited to
the illustrated embodiments, but can be modified and al-
tered in many ways, as realised by a person skilled in
the art, without departing from the scope defined in the
appended claims.

Claims

1. Agasinsulated electric apparatus (1) comprising an
enclosure (7) and an electric high voltage appliance
(9) located inside the enclosure, the enclosure (7)
containing an insulation gas (8) comprising at least
70 % by volume of CO,, wherein the insulation gas
has an elevated and pre-determined operating gas
pressure level, characterized in that the enclosure
(7) comprises a CO,-barrier arrangement (15).

2. The gas insulated electric apparatus according to
claim 1, wherein the enclosure (7) comprises an en-
closure wall (12) which comprises or is connected
to the CO,-barrier arrangement (15).

3. The gas insulated electric apparatus (1) according
to claim 2, wherein the enclosure wall (12) has an
inner surface of insulation material (14) comprising
or being arranged in contact with the CO,-barrier
arrangement (15).

4. The gas insulated electric apparatus (1) according
to claim 3, whereinthe CO,-barrier arrangement (15)
is a coating on the inner surface of the enclosure
wall (12).

5. The gas insulated electric apparatus (1) according
to claim 3 or 4, wherein the CO,-barrier arrangement
(15) is comprised as a component in the insulation
material (14) of the enclosure wall (12).

6. The gas insulated electric apparatus (1) according
to claim 3, wherein the inner surface of the enclosure
wall (12) comprises a separate layer of insulation
material (14’), and wherein the CO,-barrier arrange-
ment (15) is a coating on an inner surface and/or the
outer surface of the separate insulation material lay-
er (14°).

7. The gas insulated electric apparatus (1) according
to claim 3 or 6, wherein the inner surface of the en-
closure wall (12) comprises a separate layer of in-
sulation material (14’), and wherein the CO,-barrier
arrangement (15) is a component in the separate
layer of insulation material (14).

8. The gas insulated electric apparatus (1) according
to claim 4 or 6, wherein the coating is a layer com-
prising SiO, compound.

10

15

20

25

30

35

40

45

50

55

9.

10.

1.

12.

13.

14.

15.

The gas insulated electric apparatus (1) according
to claim 4, 6 or 8, wherein the coating is a glass film
layer.

The gas insulated electric apparatus (1) according
to claim 4, 6, 8 or 9, wherein the coating is a layer
obtained by means of chemical vapor deposition,
preferably plasma impulse chemical vapor deposi-
tion.

The gas insulated electric apparatus (1) according
to any one of the preceding claims, wherein the en-
closure (7) is sealed with one or more sealings (21)
comprising a CO,-barrier arrangement adapted to
reduce the permeability of CO, through the sealings
(21).

The gas insulated electric apparatus (1) according
to any one of the preceding claims, wherein the elec-
tric high voltage appliance (9) is a high voltage inter-
rupter.

The gas insulated electric apparatus (1) according
to any one of the preceding claims, wherein the elec-
tric apparatus is a gas insulated live tank circuit
breaker, or a gas insulated dead tank circuit breaker,
or a gas insulated switchgear.

The gas insulated electric apparatus (1) according
to any one of the preceding claims, wherein the elec-
tric apparatus is an outdoor gas insulated electric
apparatus.

The gas insulated electric apparatus (1) according
to any one of the preceding claims, wherein the op-
erating gas pressure level is from 1.0 MPa up to 1.2
MPa.
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