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Fig. 1

(57) Abstract: The present invention relates to an encap-
sulated switchgear comprising a housing (4) defining an
insulating space (6) and an electrical active part (8; 9,
11a, 11b, 11¢) arranged in the insulating space (6), said
insulating space (6) comprising an insulation medium..
The switchgear is characterized in that the insulation
medium comprises a dielectric compound having a boil-
ing point of above -25°C.
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Encapsulated switchgear

The present invention relates to an encapsulated
switchgear, according to «c¢laim 1, to a process for
providing an encapsulated switchgear, according to clainm
15, and to the use of a dielectric compound having a
boiling point of above -25°C in an insulation medium for
an encapsulated switchgear, according to claim 18, in

particular a medium voltage encapsulated switchgear.

Tn medium or high wvoltage encapsulated switchgears, the
electrical active part is arranged in a gas-tight housing,
which defines an insulating space, said insulating space
usually comprising an insulation gas and separating the
housing from the electrical active part without letting
electrical current to pass through. Thus, metal-
encapsulated switchgears allow for a much more space-
saving construction than switchgears which are insulated

solely by ambient air.

For conventional encapsulated switchgears, insulation
gases comprising a dielectric compound having a boiling
point below -25°C are wused in order to prevent
condensation over the complete operation temperature
range. The required pressure of the insulation gas and/ox
the amount of the dielectric compound comprised in the
insulation gas is governed by gas pressure measurement
(with or without temperature compensation) or direct

density measurement.

The equipment used for gas pressure measurement is in

general relatively complex and expensive.
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In addition, it is usually required that the insulation
gas has a slight overpressure, which in medium voltage
switchgears ranges typically from about 100 mbar to about
500 mbar, in order to allow for a precise pressure
measurement in the insulating space of the switchgear. Due
to this overpressure, the housing of the switchgear can be
subject to mechanical stress and therefore be prone to gas

leakage if appropriate technical measures are not taken.

However, the demands on the gas-tightness of the currently
used switchgears are very strict, because conventional
insulation gases with a high insulation and arc extinction
performance have some environmental impact when released
to the atmosphere and, in particular, have a relatively

high glcobal warming potential (GWP}).

For this reason, the housing of the switchgear must be
very robust even under the overpressure conditions

mentioned above.

Alsc, for allowing repair work to be carried out in the
ingide of the hoﬁsing, means are required for evacuating
the housing prior to it being opened and reintroducing the
insulation gas afterwards, before operation of the

switchgear can be restarted.

The construction of the housing of a switchgear is thus
relatively complex, which - in addition o the expensive
gas pressure measurement equipment - further contributes

to the relatively high cost of conventional switchgears.

With regard to the switchgear’s potential impact on the
environment and the corresponding constructive demands on
the housing, efforts have been made in the past to replace

the conventional insulation gases by suitable substitutes.
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For example, WO 2008/073790 discloses a dielectric gaseous
compound which - among other characteristics - has a
boiling point in the range between about -20°C to about
-273°C, which is low—ozone—depleting,' preferably non-
ozone~depleting, and which has a GWP less than about
22,200. Specifically, WO 2008/073790 discloses a number of
different compounds which do not fall within a generic

chemical definition.

Further, EP-A-0670294 discloses the use of
perfluoropropane as a dielectric gas and EP-A-1933432
refers to trifluoroiodomethane (CF3I) and its use as an

insulating gas in a gas-insulated switchgear.

For improving the breakdown field strength compared to
standard insulaticn media, US-A-4175048 suggests a gaseous
insulator comprising a compound selected from the group of

perfluorocyclohexene and hexafluoroazomethane.

However, using the compounds according to the documents
given above in an encapsulated switchgear requires
sophisticated gas pressure measuring means, as pointed out
above. Also, if high amounts of the insulation gas leak
out of the housing, the reaction time for establishing
sufficient insulating properties is often relatively long.
In this case the panel has to be disconnected immediately

to avold damage of the switchgear.

The object of the present invention is thus to provide an
encapsulated switchgear which can be operated in an
environmentally friendly manner and which at the same time
allows for a very simple and cost-effective design by

meeting highest safety requirements.
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The object is achieved by the subject matter of claim 1.
Preferred embodiments of the invention are defined in the

dependent claims.

The term “encapsulated switchgear” according to the
present invention includes an air-insulated or gas-

insulated metal- (or otherwise)-encapsulated switchgear.

The term “electrical active part” used in the context of
the present invention is to be interpreted broadly
including a conductor, a conductor arrangement, a switch,

a conductive component, and the like.

Due to the feature that the dielectric compound ccmprised
in the insulation medium comprises a dielectric compound
having a boiling point of above =-25°C, the present
invention allows a two-phase system to be established.
Said system comprises at operational conditions @ an
insulation gas comprising a gaseous part of the dielectric
compound. This gaseous part 1s in equilibrium with a
ligquid part of the dielectric compound. Thereby, the
liquid part functions as a reservoir of the dielectric
compound which at a too low partial gas pressure enters

the gas phase.

The present invention is based on the finding that by
suitably choosing the dielectric compound, a concentration
of the dielectric compound in the insulating gas of such a
two-phase system can be achieved, which is sufficient for
most applications of an encapsulated switchgear, and in

particular for a medium voltage encapsulated switchgear.

In view of this, dielectric compounds having a relatively

high vapour pressure are particularly preferred. Examples
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of such dielectric compounds will be described in detail

below.

If insulation gas leaks out of the Thousing, the
equilibrium between gas and liquid phase - and thus the
required concentration of the dielectric compound in the
insulation gas - is maintained or readily reestablished.
Consequently, the required insulation performance 1is
maintained even if the housing 1is leaking. Thus, no
immediate interruption of the operation is necessary,

which renders the switchgear very safe.

Given the fact that a sufficient concentration of the
dielectric compound and thus sufficient insulation
performance can be readily established as long as at least
a part of the dielectric compound is in liquid phase,
complex gas pressure measurement equipment can be avoided.
In contrast, simply checking that a liquid part is present
is sufficient for ensuring that the insulation gas
comprises the dielectric compound in a sufficient
concentration and thus has the required high insulation

performance.

According to a preferred embodiment, the switchgear of the
present invention comprises a receptacle determined for
comprising at least a portion of the liquid part of the
dielectric compound comprised in the housing. This allows
checking of the required insulation performance by simply

checking the level of liguid in the receptacle.

The receptacle is in general arranged in the insulating

space.

In order to ensure that the presence of the liquid part

comprised in the housing can be determined by checking the
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level of liquid in the receptacle, it is further preferred
that the housing comprises collecting means for collecting
at least a portion of the liguid part of the dielectric
compound and transferring it to the receptacle. According
to a particularly preferred embodiment, the inner surface
of the housing’s bottom wall is at least partly inclined,
thus forming a spout leading into the receptacle. The
receptacle is thus preferably arranged on the lowest point
of the insulating space. During operation, the 1liquid
collected on the bottom of the housing flows down the
inclined inner surface of the housing’s bottom wall and is

recelved by the receptacle,

In addition, the switchgear preferably comprises an
indicator for determining the amount of the liquid part of
the dielectric compound in the insulating space, said
indicator being arranged in a compartment, which is
separated from the insulating space and connected with the
receptacle by a channel. In general, the indicator is
formed by the part of the channel, which extends into the

separate compartment.

According to a further preferred embodiment, the housing
comprises a transparent area allowing the receptacle
and/or the indicator to be viewed from the outside. Thus,
the determination of a sufficient insulation performance
of the insulation gas can be carried out by simply locoking
through the transparent area and visually checking whether
a liquid phase is present or not. The transparent area can
for example be in the form of a watchglass, on which the

minimum operation level of the liquid is indicated.

In the above mentioned embodiment, in which the indicator

is formed by the part of the channel extending into the
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separate compartment, said part is generally transparent.
As in this embodiment, the compartment comprising the
indicator is in general placed according to the height of
the insulation space, direct metering is possible, since
under the same pressure the liquid in the compartment will

have the same level as the liquid in the insulating space.

Theoretically, the dielectric compound and optionally the
carrier gas can be introduced anywhere in the insulating
space. In order to allow the dielectric compound to be
introduced into the system during operation, respective
means can be provided. For example, nozzles can be
provided in the housing wall, through which an aerosol, in
which small droplets of the liquid dielectric compound are
dispersed in a carrier gas, can be introduced into the
insulating space. Alternatively, the liquid dielectric
compound can be introduced without a carrier gas through
an inlet into the bottom part of the insulating space and

preferably into the receptacle.

The present invention allows the use of a dielectric
compound, which has excellent insulating properties, in
particular a high breakdown field strength, and which at
the same time is non-toxic and has no environmental impact
when released to the atmosphere. This also allows for a
simpler design of the switchgear for the reason that no
means fFor evacuation and reintroduction of the insulation
medium has to be provided. If repair work has to be
carried out and the housing of the switchgear has thus to
be opened, the insulation gas is simply released to the
atmosphere. The liquid part of the dielectric compound,
which is generally rather small, can be removed by means
of a simple outlet, stored in a simple vessel and

reintroduced by pouring it back to the insulation space
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after repair work is finished and before restarting

operation of the switchgear.

According to a preferred embodiment, the dielectric
compound is a fluoroketone having from 4 to 12 carbon
atoms. Thereby, an insulation medium can be provided

having high insulation capabilities and a very low GWP.

In general, the fluoroketone according to this embodiment

has the general structure

R1-CO-R2

wherein R1 and R2 are at least partially fluorinated
chains, said chains being independently from each other
linear or branched and having from 1 to 10 carbon atoms.
The definition encompasses both perfluorinated ketones as
weli as hydrofluorinated ketones. Generally, these
fluoroketone have a boiling point of at least -5°C at

ambient pressure.

It has now been found that for many applications of‘the
insulation gas, such as applications in the medium voltage
range, a sufficient concentration or molar ratio, i.e. the
ratio between the number of molecules of the fluoroketone
to the number of molecules of the remaining components of
the medium (generally the carrier or buffer gas), and thus
also a sufficient breakdown field strength can be achieved
even at very low operational temperatures e.g. of down to
about -5°C or even less, without additional measures such

as external heating or vaporization.

Preferably, the fluoroketone has from 4 to 10 carbon

atoms, more preferably from 4 to 8 carbon atoms, and most
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preferably 6 carbon atoms (also referred to as a Cé6-
fluoroketone). As mentioned above, said Cé-fluoroketone
can be a perfluorinated ketone (having the molecular

formula CgFi120) or a hydrofluorinated ketone.

Among the most preferred fluoroketones having 6 carbon
atoms, dodecafluoro-2-methylpentan-3-one has been found to

be particularly preferred.

Dodecafluoro-2-methylpentan-3-one (also named
1,1,1,2,2,4,5,5,5-nonafluoro-4- (trifluoromethyl)-3-

pentanone, perfluoro-2-methyl-3-pentanone or
CF3CF.C (OYCF(CF3)2) has previously only been considered
useful for completely different applications, namely the
processing of molten reactive metals (as referred to in WO
2004/090177), for the cleaning of a wvapour reactor (as
referred to in WO 02/086191) and in fire extinction
systems, or in liquid form for cooling of electronic
systems, or for the Rankine-process in small power plants

(as referred to in EP-A-1764487).

Dodecafluoro-2-methylpentan-3-one is clear, colorless and
almost odourless. Its structural formula is given in the

following:
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bodecafluoro-2-methylpentan-3-one has an average lifetime
in the atmosphere of about 5 days and its GWP 1is only
about 1. In addition, its ozone depletion potential (ODP)
is zero. Thus, the environmental load is much lower than

the one of conventional insulation gases.

In addition, dodecafluoro-2-methylpentan-3-one 1is non-

toxic and offers outstanding margins of human safety.

Dodecafluoro-2-methylpentan-3-one has a boiling point of
49,2°C at 1 bar. Its wvapour pressure, i.e. the pressure of
the vapor in equilibrium with its non-vapor phases, is
about 40 kPa at 25°C. Given the high wvapour pressure of
dodecafluoro-2-methylpentan—-3-one, an insulation gas
having a breakdown field strength sufficient for many
applications, in particular in the medium voltage range,
can in general also be achieved at very low temperatures

down to e.g. -30°C.

According to a preferred embodiment of the present
invention, the insulation gas is a gas mixture, which
apart from the dielectric compound, and in particular the
fluoroketone, further comprises a carrier (or buffer) gas.
In a particularly preferred embodiment, the gas mixture
comprises or is air, in particular dry air, or comprises
or is at least one air component, in particular selected
from the group consisting of carbon dioxide (COp), oxygen
(02) and nitrogen {N). Alternatively, the insulation gas

can substantially consist of the dielectric compound.

Based on the finding that at a temperature of 550°C or
higher, dodecafiuoro-2-methylpentan-3-one is decomposed to
very reactive fluorocarbon compounds having a lower number

of carbon atoms, it is preferred that the insulating gas
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comprises sufficient oxygen (O2) with which the
fluorocarbon compounds formed can react to form inert

compounds, such as e.g. CO:.

The insulation properties of the insulation gas, and in
particular its breakdown field strength, can be controlled
by the temperature, pressure and/or composition of the
insulation medium. By using the two-phase system
comprising the dielectric compound, in particular the
fluorcketone, both in liguid and gaseous phase, an
increase of the temperature does not only result in an
increase of the absolute pressure, but also in an increase
of the dielectric compound’s concentration in  the

insulation gas due to a higher vapour pressure.

According to a particularly preferred embodiment of the
present invention, the molar ratio of the fluoroketone, in
particular of dodecaflucro-2-methylpentan-3-one, in the
insulatien gas is at least 1%, preferably at least 2%,
more preferably at least 5%, more preferably at least 10%,
most preferably at least 15%. These preferred molar ratios
refer to a given standard or prescribed operating
condition. Under deviating conditions, the molar ratio may

still vary from these preferred values.

The significance of an insulating medium comprising
dodecafluoro-2-methylpentan-3-one in a molar ratio of at
least 1%, or 2% respectively, is based on the finding that
an insulation gas having this molar ratio can alsc be
obtained at very low temperature conditions down to -30°C
for 2% and down to -40°C for 1% and that this insulation
gas has a sufficient dielectric strength for e.g. medium

voltage gas-insulated switchgears, which are operated at
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an insulation gas pressure below 1.5 bar, in particular at

around 1 bar.

Apart from the switchgear described above, the present
invention further relates to a process, in which a
dielectric compound 1is introduced into the insulating
space of the switchgear, the amount of the dieiectric
compound introduced being such that at operational
conditions the insulation medium comprises an insulation
gas comprising a gaseous part of the dielectric compound,
said gaseous part being in equilibrium with a liquid part
of the dielectric compound. Thus, a two-part system having
the above mentioned advantages can be established in the

insulating space of the switchgear.

According to a preferred embodiment of this process, the
dielectric compound 1s  introduced in liquid form,
whereupon only a part of the dielectric compound
evaporates in the insulating .space. Thus, the two-part
system can be established in a very simple and

straightforward manner.

It is further preferred that the dielectric compound 1is
introduced inte the bottom part of the insulating space.
This allows the filling level of the dielectric compound
to be monitored immediately after introduction. Further, a
homogenous distribution of the gaseous part in the
insulating space can be readily established according to

this embodiment.

The invention thus particularly relates to a medium
voltage encapsulated switchgear. The term “medium voltage”

as used herein refers to a voltage in the range of 1 kV to
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72 kV. However, applications in the high voltage range
(more than 72 kV) and in the low voltage range (below

1 kV) are feasible, as well.

Medium voltage encapsulated switchgears, for which the
present invention is particularly well suited, are known
to the skilled person. As examples, medium voltage
switchgears of the ZX-family (ABB AG}, of the GHA type
(AREVA T&D), or of the type NXPLUS C (Siemens AG), are
hereby cited.

The present invention is further described in detail by
way of the following examples in connection with Figure 1,
which shows schematically a medium voltage encapsulated

switchgear according to the present invention.

According to Fig. 1, the switchgear 2 comprises a housing
4 defining an insulating space 6 and an electrical active
part 8 arranged in the insulating space 6. In the
embodiment shown, the electrical active part 8 comprises a
switch element 9 and three bus bars 1la, 11b, 1llc
connected to the switch element 9. The insulating space 6
comprises an insulation medium comprising an insulation
gas. Said insulation gas comprises a gaseous part of a
dielectric compound which is in equilibrium with a liquid

part of the dielectric compound.

Droplets 10 of the liguid part condensed on the walls 12
of the housing 4 flow or fall downwards in direction to
the bottom wall 12’ (as indicated by an arrow). In the
embodiment given in Figure 1, the bottom wall 12’ has a
stepwise configuration, wherein segments 12'a inclined, in
particular weakly inclined, downwards alternate with

strongly inclined, in particular vertical, segments 12'Db,
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and leads to a receptacle 14. Thus, the liquid collected
on the bottom of the housing flows down the inner surface
of the bottom wall 12 and is discharged into a receptacle
14. The inner surface of the Dbottom wall 127 thus
functions as a collecting means 15 for collecting the

liquid part of the dielectric medium.

From the receptacle 14, a channel 16, preferably in the
form of a tube, leads to an indicator 18, which in the
empbodiment shown 1in the TFigure is comprised in a
compartment 20 arranged in the panel front 21 and is thus

separate from the insulating space 6.

In the embodiment shown, the indicator 18 is formed by the
part of the channel 16 extending into the compartment 20,
said part being transparent. Also, the outer wall 207 of
the compartment 20 is transparent, thus forming a

watchglass.

As the compartment 20 comprising the indicator 18 1is
arranged corresponding to the height of the receptacle 14,
direct metering of the filling level of the receptacle 14
is possible by watching through the outer wall 20" of the

compartment 20.

Alternatively, the watchglass might also be formed by a
transparent part of the housing itself. In this
embodiment, the watchglass 1is arranged such that the
receptacle in the insulating space can be viewed from the
outside. As a special solution the watchglas itself can be

the receptacle.
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Claims

Encapsulated switchgear comprising a housing (4)
defining an 4insulating space (6) and an electrical
active part (8; 9, 1lla, 1lb, 1llc) arranged in the
insulating space (6), said insulating space (6)
comprising an insulation medium, characterized in
that the insulation medium comprises a dielectric

compound having a boiling point of above -25°C,

Encapsulated switchgear according to claim 1, the
dielectric compound having a boiling point of above

-20°C, preferably above -5°C.

Encapsulated switchgear according to claim 1 or Z,
characterized in that the dielectric compound is a

fluoroketone having from 4 to 12 carbon atoms.

Encapsulated switchgear according to claim 3,
characterized in that the fluorcketone has 6 carbon

atoms.

Encapsulated switchgear according 4, characterized in
that the fluoroketone is dodecafluoro-2-methylpentan-

3-one.

Encapsulated switchgear according to any of the
preceding claims, characterized in that at
operational conditions the insulatiocon medium
comprises an insulation gas comprising a gaseous part
of the dielectric compound, said gaseous part being
in equilibrium with a liquid part of the dielectric

compound.
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10.

11.

12.

Encapsulated switchgear according to claim 6,
characterized in that the insulation gas 1is a gas

mixture, which further comprises a carrier gas.

Encapsulated switchgear according to claim 7,
characterized in that the carrier gas comprises air
or at least comprises one alr component, in
particular selected from the group consisting of

carbon dioxide, oxygen and nitrogen.

Encapsulated switchgear according to any of the
claims 6 to 8, characterized in that it comprises a
receptacle {(14) determined for comprising at least a
portion of the liquid part of the dielectric compound

comprised in the housing (4).

Encapsulated switchgear according to claim 9,
characterized in that it further comprises collecting
means (15; 127, 12a’, 12b’') for collecting at least a
portion of the liguid part of the dielectric compound

and transferring it to the receptacle (14).

Encapsulated switchgear according to any of claims 6
to 10, characterized in that it further comprises an
indicator (18) for determining the amount of the
liquid part of the dielectric compound in the
insulating space (6), said indicator (18) being
arranged in a space separate from fthe insulating
space (6) and being connected with the receptacle
(14).

Encapsulated switchgear according to any of claims 9
to 11, the housing (4) comprising a transparent area
allowing the receptacle (14} and/or the indicator

(18), respectively, to be viewed from the outside.
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Encapsulated switchgear according to any of the

preceding claims, the switchgear being a metal-

encapsulated switchgear.

Encapsulated switchgear according to any of the
preceding claims, the switchgear being a medium
voltage encapsulated switchgear.

Process for providing an encapsulated switchgear

according to any of claims 6 to 14 by introducing a
dielectric compound into the insulating space (6) of

the switchgear, wherein the amount of the dielectric

compound introduced is such that at operational
conditions the insulation medium comprises an
insulation gas comprising a gasecus part of the
dielectric compound, said gaseous part being in

equilibrium with a liquid part of the dielectric

compound.

Process according to claim 15, wherein the dielectric
compound 1s introduced in liquid form, whereupon only
a part of the dielectric compound evaporates into the

insulating space (6).

Process according to claim 16, wherein the dielectric
compound is introduced into the bottom part of the

insulating space {6}.

Use of a dielectric compound having a boiling point

of above -25°C in an insulation medium for an

encapsulated switchgear, in particular for a medium

voltage encapsulated switchgear.
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