Encapsul ated swi tchgear The present invention relates to an encapsul ated
swi tchgear, according to claiml , to a process for providing an

encapsul avedosmisbszsBgear, according to claim 15, and to tPhe/rPI@9062630

di el ectric conpound having a boiling point of above -25C in an insul ation
medi um for an encapsul ated swi tchgear, according to claim 18, in particular
a nmedi um vol t age encapsul ated switchgelar- I n nmediumor high voltage
encapsul ated switchgears, the electrical active part is arranged in a
gas-tight housing, which defines an insulating space, said insulating space
usual ly conprising an insulation gas and separating the housing fromthe
electrical active part without letting electrical current to pass through.
Thus, netal encapsul ated swi tchgears | ow for. a nmuch nore spacesavi ng
construction than sw tchgears Wit h T HF R el y by anbient air.

For conventional encapsul ated switchgears, insulation gases conprising a

di el ectric conpound having a boiling point below -25C are used in order to
prevent condepsati@rcoymet thereorlet e epenakison tenpesrat uree daqusye.a tEake
required pressure of the insul ation gas and/or the anount of the dig;ectric
conpound conﬁWFE@Eg?ﬁrtheaFﬁgﬁaéFgon §as i Yover ned“by gad PirESSur e °F

measur ement Lwhtha@hgWaroshch SEPRES BEAI Wi eaPERSa! | acardidig ecd ddnsind y
measur enent. The equi pnent used for gas e{essure,neasurenent iS_in genera
t

rel atively coipl e@ndexpBfsi%ae | Aladdi t46neG T 4S GEBRPPYr dfV 124 fhat

the insulatigBiling 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
10 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-
15 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
20 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
25 (with or without temperature compensation) or direct

density measurement.

The equipment used for gas pressure measurement is in

general relatively complex and expensive.



gas has a slight overpressure, which in mediumvoltage sw tchgears ranges
typically fromabout 100 nbar to about 500 nbar, in order to allow for a
preci se pwvesiwwm23sasurement in the insulating space of pClmapsswotocisgear . Due
to this overpressure, the housing of the switchgear can be subject to
mechani cal stress and therefore be prone to gas | eakage if appropriate
techni cal nmeasures are not taken. However? the demands on the gas-tightness
of the currently used switchgears are very strict, because conventi onal

i nsul ation gases with a high insulation and arc extinction perfornmance have
sonme environnental inpact when released to the atnosphere and, in

particular, have;gifel&at]veky i ohsahobal napmimne pehent itae (LAR)1atfar
this reason, the housing of the switchgear nust be very robust even under

the over presd@fe bandiat i shsIRENGEHET BFoveE, AVBSCDT ot al'PEw g TIPS wor k

to be carried,Qyt-rigR t-he daizjde Qfpidie hpusi g, aBBans 180e mbaquitehiart
evacuating the housing prior to it being opened and reintroducing the

i nsul ation g&90af tépwar dén bergrs opér abidavof LPhe 3wiRENGEE? Jarf peire

restarteds THe CORSLELUE! 10N t@fe LHE NOUSING Qfack DM LiGhgears dchddis. Due
relatively conplex, which - in addition to the expensive gas pressure
nmeasur enent &guitprisntove foyesser coorithd hutiesing athdhee| ativ@19ed Jtdd  of

conventi onal S {.6RORA e W) 00810, Ly SdiEhGRA ‘oo PAIRNL @lgd qpact

on the environnment and the corresponding constructive demands on the
housi ng, ef f detakalyaveé fhepprondéaitn thehpaselt epeprageare not taken.

However, the demands on the gas-tightness of the currently
10 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}).

15 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
20 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
25 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

30 the conventional insulation gases by suitable substitutes.



t he conventional insulation gases by suitable substitutes. For exanple, WO
2008/ 073790 di scl oses a dielectric gaseous conmpound whi ch - anong ot her
char act erwet2ongi423s8as a boiling point in the range bet weemEebematos262@ OC to
about -273C, which is | ow ozone-depleting, preferably nonozone- depl eting,
and which has a GAP | ess than about 22,200. Specifically, WO 2008/ 073790
di scl oses a nunber of different conpounds3iwhich do not fall within a
generic chem cal definition. Further, EP-A-0670294 discloses the use of
perf | uoropropane as a dielectric gas and EP- A-1933432 refers to trif

| uor oi odonet hane (CF3l ) and its use as an insulating gas in a

gas-insul at e¢ SWLCHGAY . woPl2dgBEM Y thesbreakdown fd gl dk std eftidbus
conmpared to standard i nsul ation nmedia, US-A-4175048 suggests a gaseous
i nsul at or comerPSAg avBdAPound HEIEEt &F fomChRE G 6Ep S6f CHerf has a

| uor ocycl Oh%%qqig d Jin‘tgfé?é L Horgaz opet hang o« ERWE VI u USLAge & he ccarmaunds

according to the Its given above in an encapsul ated sw tchgear
requi res sophi2dtdi’€at edhgad prisss e TAzE\FHdap Ifddms, aPRdiaadd Youtn@bove.

Also. 1T B o agunte gt shle | 03U abh P, 03%d ek ey Ofotlhe hRUs! Nehalihe
reaction tinme for establishing sufficient 1nsulating properties is often
relatively | @3g200n tpiesiddseltilye FEN&I0 0D 430 We dissderpdectiediuniaidi @l el y
to avoid da f e ' r ok obj ect . .of : LNy, 1.0Nn. 1S
thus to prOC?%Ef%ﬁeéﬁca%%%#gﬁgggsafggﬁbegé 3%thf%£% E%ﬁ%ggia%e |r§é¥F
envi r onment aldhegnficieéndleyf imatnen.and which at the sane tine allows for a
very sinple and cost-effective design by

Further, EP-A-0670294 discloses the use of
10 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
15 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
20 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.

25 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.



meeting hi ghest safety reguirenments . The object is achieved by the subject
matter of claiml1l . Preferred enbodinents of the invention are defined in

t he depemwionbiozi423sas. The term "encapsul at ed swi t chgear ‘Pcampesodiosgssd 0 t he
present invention includes an air-insulated or gasinsulated netal- (or

ot herwi se) -encapsul ated switchgear. The term"electrical active part" used
in the context of the present invention-ig to be interpreted broadly

i ncluding a conductor, a conductor arrangenent, a switch, a conductive
conmponent, and the like. Due to the feature that the dielectric conpound
conprised in the insulation mediumconprises a dielectric conpound having a

boi i ng poi nippaf 4bQNE - 295G, o NEvRHESENtL HVENE | Qi akhovsrackwephaser .
systemto be establl shed. Said system conprises at operational conditions
an i nsul at i ok rgde reenprambiody engas edust prar ngent hen dpéke defile e€opourite
Thi s gaseous [ ilibriumwth a liquid part of the dielectric
conpound. Thg%§§§de?ﬁe%%?g&fd part functions as a reservoir of the

di el ectric conpound which at a too low partial gas pressure enters the gas
phase. The pfésenttdmvent¢nrapsubased ofvwihehgeall ngackardbpdsuitcabl e
choosi ng fhe di.el.get risqcomouNd, ; g Coeent 13t i an af ntkhe  dkal echr i Gas-
conpound 1 n Phe i nsul at1 ng gas of such a two-phase system can be achi eved,
whi ch i s suf finsiudatetlomeadt dppl Pthervaseodfreanappsapsarasedtshweehgear
and in particular for a nmediumvoltage encapsul ated switchgear. In view of

this, dieleckic comppounds.having acrelet buehyY used in the context of
the present invention is to be interpreted broadly
including a conductor, a conductor arrangement, a switch,

10 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.
15 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
26  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
25  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



hi gh vapour pressure are particularly preferred. Exanpl esof such dielectric
compounds wi ||l be described in detail below |If insulation gas |eaks out of
t he housiwg,20todm@23qui | i bri um bet ween gas and |i qui d phaveTAaPand/obisus t he
requi red concentration of the dielectric conpound in the insulation gas -
is maintained or readily reestablished. Consequently, the required

i nsul ation performance is maintained evensif the housing is |eaking. Thus,
no i nredi ate interruption of the operation is necessary, which renders the
swi tchgear very safe. Gven the fact that a sufficient concentration of the
di el ectric conpound and thus sufficient insulation performnce can be

readi |y establei shed, as; & 00g: 8- abohBashdad Ranl e t hesdiebegt ke eamound
is in liquid phase, conpl ex gas pressure nmeasurenent equi pnent can be

avoi ded. In &APFast, sinply checking that a liquid part is present is
sufficient for ensuring that the insulation gas conprises the dielectric

conpound i n arsuffigient; spncgpkr atiQniandothus Jras e reaukiag, hi ghe
i nsul ation performance. According to a preferred enbodi nent, the sw tchgear
of the preseREULAFBHLIBN REgHHasedaa Paept Het ¥ debhapfi medPdr tB8ApriG ng

at least a poLii9Reaf the ddiawd Rarss oknkheydirlactid ccsapponad jgorgHd sed
in the housing.” This allows checking of the required insulation perfornmance
by sinply chéokihgtihe |wsel - oft sl infuintt dinqcheot edepgridele. remd-aldcephasti e i s
in general aE%ﬁ@%ﬁﬂeh@l&be Hﬂﬁylafé&ﬁﬁ?@ﬁceinsulation performance 1is
maintained even if the housing 1is leaking. Thus, no
immediate interruption of the operation is necessary,

10 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,
15 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

20 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
25 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

30 comprised in the housing can be determined by checking the



In order to ensure that the presence of the liquid part conprised in the
housi ng can be determ ned by checking thelevel of liquid in the receptacle,
it is furwbeniopresserred that the housing conprises col | ectrippgommssso f or
collecting at least a portion of the liquid part of the dielectric conpound
and transferring it to the receptacle. According to a particularly
preferred enbodi nent, the inner surface-of the housing's bottomwall is at

| east partly inclined, thus form ng a spout |eading into the receptacle.
The receptacle is thus preferably arranged on the | owest point of the

i nsul ati ng space. During operation, the liquid collected on the bottom of

t he housipg ﬁ%g@g @gwqihqulyHiﬂygjﬂéggﬁtégmgaqg;qgtﬂu%ﬂﬁggﬂﬁgggéﬁggdon1
wal | and is received by the receptacle. 'In addytlon, t he swi tchgear
preferably céhpiti $&s dvuisddioc SFPFiEe sdet D fidtiing ot GFL e 1MGui d

part of the drelReldd CacRmhauRd 1k Lhfe! NS4AAL N SPagE. (3! dii MUY
being arranged in a conpartnent, which is separated fromthe insulating
space and compepbeddwiaty tthenrsteptiand elbyta chandelcentidgénercothignd
i ndi cator_is for ; t h : Lch t i

Separ at o Somber ot AGEa R P 6" T et e oS ar f od Srhed et The
housi ng conpeifseédea hawmispHrentotiraa akl bwi agathd cesdepeadlly au? brmathe

Lndicator 1o Reov! ¥EAiAGOM LRG!St 08y THUSin e ARl CLELOBELENCOT fho

sufficient insulation performance of the | suf'ati on gas can be carried out
by sinply | oakicegtbhieugl tthest rerdpacénty arganared! vins udld ylatsdkipgint
whether a |iqyid phase, i $) Pf 3¢Nt. 10t e g ' BBERALERE, a7 8 CaM quia
10 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
15 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

20 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
25 of the insulation gas can be carried out by simply lcoking
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.

30 In the above mentioned embodiment, in which the indicator

is formed by the part of the channel extending into the



for exanple be in the formof a watchglass, on which the m ni num operation
| evel of the liquid is indicated. In the above nentioned enbodi nent, in
whi ch t hewbdndicabsss i s forned by the part of the channelpcestrendioszs4é Nt o

t heseparate conpartnent, said part is generally transparent. As in this
enbodi nent, the conpartnent conprising the indicator is in general placed
according to the height of the insulatioenyspace, direct netering is
possi bl e, since under the sanme pressure the liquid in the conpartment wll
have the sanme level as the liquid in the insulating space. Theoretically,
the dielectric conpound and optionally the carrier gas can be introduced

anywhere in e 0w aldfh SRass, | S 01 deertoial lwdha id) el esispLraampound
to be introduced into the systemduring operation, respective neans can be
provi ded. FoPsexahpl Bhipozaikedidwntbe prvi 6HPRATIRBthoGSTREIAARY, M ough

whi ch an aer g%%ﬂi,cait%rwschién@éﬂleﬁappbfgéegf aEB@rBHH?i ¢ oditglceatdiigncaspound
are dispersed in a carrier gas, can be introduced into the insulating
space. Al ter s viebsulatieon i gpidedi dliceati dnelorpdid EaPa5e e odtidet?

wi t hout a;carfigr. 43s té%gr%ugﬂieas%dr@ e&‘hé ntQnihe hethom pafda Ofmdhe will

i nsul ati ng space and prefer y into the receptacle. The present invention
al l ows the u@@V@ft@edB@W@cﬂﬁW@lc@@p@@ﬁd}lﬂhﬂéhlﬁa§héxééﬁpgﬁ?lpﬁsﬁPéFPng
properties, in particular a high breakdown field strength, and which at the

same tinme isRon:eXic gnd | eIVLE PPERRLbAb o hARAGH WG ifleased o the
at nosphere. %ﬂ?@Iaﬁéggéﬁﬁgw§§§%pgagsi | er ggs?%n of%%ﬁé smfiphgeéf for the
reason that menrsans dag evachsat o s} ne v ohnoftchel s 1R @t bn

space. In order to allow the dielectric compound to be
10  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
15 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
20 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
25 means for 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,
30 which 1is 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



medi um has to be provided. If repair work has to be carried out and the
housi ng of the switchgear has thus to be opened, the insulation gas is
sinply reaveasm4tm3t he at nosphere. The liquid part of tipeTdiredosotIcise
conpound, which is generally rather small, can be renoved by neans of a
sinmple outlet, stored in a sinple vessel and reintroduced by pouring it
back to the insulation spaceafter repait gwork is finished and before
restarting operation of the switchgear. According to a preferred

enbodi nent, the dielectric conpound is a fluoroketone having from4 to 12
carbon atonms. Thereby, an insulation nmedium can be provided having high

i nsul ation capabili gieg%ﬁnd war%er ¥ d ow @R L Jdn geper alordie fldiaroketene
according to this enbodi ment has the general structure R1-CO-R2 wherein R
and R2 are abrkeastopapti &heyswitieppAared chai ns, said chains being

i ndependently from each other |inear or branched and having from1l to 10

carbon atonsp EQ@d_dLﬁ%yi nitj on, engeapasses bekBoRekbnkyor ikt ediketanes as
wel | as hydroF l'uori nat ed ket ones. Generally, these fluoroketone have a

boi | i ng poi ncospoand| ebst & 5Elapralibrent prasisir ef PR hhs How! Beit F5thd
that for fmany apglicahbonsyof Lhe tRsHIALIoN 0RSdisHCheas appl isalions I n

t he medi um vol tage range, icient concentration or nolar ratio, i.e.
the ratio behwwéngt héghuabenletinpl eephbslotieheanfludr BREYoheWt 8"Fhe nunber
of nol ecul es of the remaining conponents of the nedium (generally the

carrier or buffer gas) , and thus . )
In general, the fluoroketone according to this embodiment

has the general structure

R1-CO-R2

10  wherein Rl 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

15 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
20 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
25 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



al so a sufficient breakdown field strength can be achieved even at very |ow
operational tenperatures e.g. of down to about -5 OC or even |ess, wthout
addi t i onavorrersuems such as external heating or vapori zatir@po0enedses abl y,
the fl uoroketone has from4 to 10 carbon atons, nore preferably from4 to 8
carbon atons, and nostpreferably 6 carbon atons (also referred to as a C6-
fl uoroketone) . As nentioned above, said &6-f |uoroketone can be a perf

| uori nated ketone (having the nol ecular formula C6F i 20 ) or a hydrof

| uori nated ketone. Anong the nost preferred fluoroketones having 6 carbon
atonms, dodecaf | uoro-2-nethyl pentan-3-one has been found to be particularly

preferred. %&%gg%hg?}r ?{3?&‘%{6’% PeRt; ﬂm@, 31 Qﬂgo(aféﬁef@é@d th 1as & - 4

5, 5 ,5-no uor onet - pent anone,
| uor o- 2- net hflludrpértanene oﬁSCFﬁHﬂtKQKQQ @PO@@FB)Q?l%a§3{;ﬁAHQﬁﬁﬁ%ﬁQﬂﬂ'y

b id ful, di t t
o7 o0essi g of ol Pan PeabbFUUREl TS as T EPErr el L6 1h VD 2004 08017 .

for the cleafiorguaf aswﬁomuprreathIOCésoréﬁeteédkebOhﬁ WD 02/ 086191) and
infire extinction systems, or in liquid formfor cooling of electronic

syst ems, 1§64%,§L9 E;he«ag%ec c%l;eﬁ p%%% rbB fﬂér&?&@éné’é a@lta%l(’)%s peferfigsh to

in EP-A- met h entan-3-one is clear, colorless
and al nost odmombes@pdbmafﬁmpu©barmbthwﬂnﬂhaans3gpv@nh@ﬁ figen found to

f ol | owi ng: Dodecaf. | uar me n- 3-one has an average lifetinme in the
at nosphere o aggﬁtlgugg%%yahggkgggéaP is only about 1 . In addition, its
ozone depletion potential (CDP)

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

10 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

15 referred to din 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
20 almost odourless. Its structural formula is given in the

following:
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is zero. Thus, the environmental load is nmuch | ower than the one of
conventional insulation gases. In addition,

dodecaf | wwoaeymetsBy| pent an- 3-one is non toxic and of f ereTEPREDAGHING
mar gi ns of human safety. Dodecaf | uoro-2-nethyl pentan~3-one has a boiling
point of 49.2C at 1 bar. Its vapour pressure, i.e. the pressure of the
vapor in equilibriumwth its non-vapor- plvases, is about 40 kPa at 25C

G ven the high vapour pressure of dodecafl uoro-2-nethyl pentan-3-one, an

i nsul ati on gas having a breakdown field strength sufficient for many
applications, in particular in the nmediumvoltage range, can in general

al so be achi guedatr1¥8%-boWetBFRBEALHAES -HAVN Had €ad. av3PalE .1AGROMH NY
to a preferred enbodi nent of thée present invention, the insulation gas is a

gas m xture, ihithe apamospheiet Het dpBPEEL rI cdedfipcitl, 18d G paft iCuldar

the fluoroketgng, furter,g@MpLb$es:fsCaLbhel depn Rybherlot@atidin @np)
particularly preferred enbodi nent, the gas mxture conprises or is air, in
particul ar diy aearo.orTledpr Fhes eswvirongentadstl Gite b r veshpdrest, §hpn
particul af sehec %Oth?@ 1 0HR1CORs(;$6EREnOfaGaEbON di oxide (CO),
oxygen (O 2) andbﬁgt%ogen Nng§. Aﬂternat%vel?,g?he i nsul ati on gas can
substantially consist of the dielectric conpound. Based on the finding that

at a tenperatyre 0f3;%36,0C Qfodtgharno drdesrit il dedrtZnmBtiylpentan-nixone is
deconposed to very reactive fluorocarbon conpounds having a | ower nunber of
car bon at onstortci angr eféeredovhatapRénpnBardinigC§aleBapr F368T¥uf fici ent

oxygen (Q2) with which the fluorocarbon conpounds forned can react to form

i nert
Dodecafluoro-2-methylpentan-3-one has a boiling point of

49,2°C at 1 bar. Its wvapour pressure, i.e. the pressure of
10 the wvapor 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,
15 can in general also be achieved at wvery 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
20 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
25 (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

30 of carbon atoms, it is preferred that the insulating gas



conmpounds, such as e.g. CO2 . The insulation properties of the insulation
gas, and in particular its breakdown field strength, can be controlled by
t he t enpeweturog42sessure and/ or conposi tion of the insecatEpesvonemisem By
usi ng the two-phase system conprising the dielectric conpound, in
particular the fluoroketone, both in liquid and gaseous phase, an increase
of the tenperature does not only result iqq an increase of the absolute
pressure, but also in an increase of the dielectric conmpound s
concentration in the insulation gas due to a higher vapour pressure.
According to a particularly preferred enbodi nent of the present invention

| o - 2 et hyTUEREAR3- ofe ARG | nSaYaeron 908 1o ‘s | eacta®) o
-2- - 3- : 9
preferably atflueasta2¥pnnocenpoehdsabfyrmed | emgt F%actor 8opr e e ablient

| east 10% npst preferably, at | east % These preferred nolar ratios refer
to a given sF§W8§P8d§r SPéchPbgd dpégéting condi tion. Under deviating
conditions, the nolar ratio may still vary fromthese preferred val ues. The
si gni fi cance Tok amswsail i ngropdictieconr | shag idegdedafion gas, and in

| o S : iy

respect i vel y PTE BReEE oot FrRRey Tha e s AR e dha i 19
mol ar rati o &gn ahso tenebtdined apreesyrkown@fper atompe scdnidint | obis dwwn to

Sufficiont dierQaeiretst TBRGER Tor B g. “Aadiclm VBFt agi SathTaur dbagrars ©
swi t chgear s, ceohipehsahg operat ddedtanrinsubanponngdas pnesgarieidel ow 1tiE: bar,
in partiCU|a%l%%roketone, both in liguid and gaseous phase, an
10 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
15 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
20 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
25 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

30 voltage gas—insulated switchgears, which are operated at



around 1 bar. Apart fromthe sw tchgear described above, the present
invention further relates to a process, in which a dielectric conpound is
i nt roducesloi2otop4edse i nsul ati ng space of the sw tchgear, pChhaEpPasmosics®f t he
di el ectric conpound introduced being such that at operational conditions
the insul ation nedi um conprises an insulation gas conprising a gaseous part
of the dielectric conpound, said gaseous Jgart being in equilibriumwth a
liquid part of the dielectric conmpound. Thus, a two-part system having the
above nentioned advantages can be established in the insulating space of
the switchgear. According to a preferred enbodi ment of this process, the
di el ectric cempawaliaxiiot reducatddnld @iy arm wher eupora ol gulapadt  of
the dielectric conpound evaporates in the insulating space. Thus, the

two- part systém'P&n 1b&3&st abl i shed in a very sinple and straightforward
manner. It is further preferred that the dielectric conmpound is introduced

into the bot%&y&gar% of the insu%%bing space. Thhg al.l ows tEE filling,leve
of the diel eCHi"¢ coBBund™ o “Be -0 e CF ARt &t SRPVErt eF MPnttodtet on.
Further, a hamegeraws difstrdheut i arlefteshe tgaseouppardsd,n tihe iwisidtat iang
space can_be neadlIy,establishegtaccordin to this, epmbodj nent, Igf
inyention5th§§e&§FFF&EIaFPVpPBP ed5t o3 HBANGRTY Vol PhGe ENGapdlt At ety
SK“ tchgear.fE@ﬁfteerat" n@@&k uBwWMaeldrage’r ,astuseduharet n ofef ens toialaottiage in
the range of 1 kV to72 kV. However, applications in the high vol ran
g compound introduced beQRg suc that at 9 opé}§€¥§%af'ge
conditions the insulation medium comprises an insulation
gas comprising a gaseous part of the dielectric compound,
10 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
15 dielectric compound is 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.

20 It is further preferred that the dielectric compound is
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

25 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



(more than 72 kV) and in the | ow voltage range (below 1 kV) are feasible,
as well. Mediumvoltage encapsul ated switchgears, for which the present

i nvent i oowoopankissul arly well suited, are known to thepshidph@diopmason. As
exanpl es, nedium voltage switchgears of the zZX-famly (ABB AG , of the GHA
type (AREVA T&D) , or of the type NXPLUS C (Sienens AG, are hereby cited.
The present invention is further describ in detail by way of the
foll ow ng exanples in connection with Figure 1 , which shows schenmatically
a nmedi um vol t age encapsul ated swi tchgear according to the present

i nvention. According to Fig. 1 , the switchgear 2 conprises a housing 4

defining an pnsul.ati space 6 and. an el ectrical, acti.ve par rr din
the insul at i 8 gbaceﬁgwgeﬁﬁ’tﬁgéﬁhﬁék*ﬁgﬁ §Hoaﬁfathé@% e%?%?% 5%?%%%
part 8 conprigesea 9w ch2ellgmentand ahd theeel bus viedrtsigklarahgd, (Hedow

connected to_the switch elepent 9 . The insulating space 6 conprises an
i nsul ati on medi‘im e5fptEerhgian ?ﬁsﬁ?gfion gas. Said insulation gas

conprises a gaseous part of a dielectric conpound which is in equilibrium
with a |iqui art of the dielectri onpound. oplets
fgt FeRen

of .the liquid
part condensef“oH"t hE°waf¥s 12'6H% eousisﬁdjtggfjﬁg\}:vsér %(gfl “H%J\'Acﬁlwart slé in
dlmr)egti ons t opt-Bechet tiomamlilonl?i s (@srthditared byeldn switovd, . aka thiewn
enbodi ment given in Figure 1 , the bottomwall 12" has a stepw se
conf i gur ati of® wﬁ@@eiﬁ%&g}ﬁﬁnsfﬁff%Pincﬁ%neﬁ?aWﬁlﬁgrti ﬁﬁép%hegﬁ%fage
inclined, downwardgeakberdfat enwi tAK-family (ABB AG), of the GHA type
(AREVA T&D), or of the type NXPLUS C (Siemens AG), are

hereby cited.

10 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
15 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
20 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
25 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

30 strongly inclined, in particular vertical, segments 12'Db,



strongly inclined, in particular vertical, segnents 12'b,and |leads to a
receptacle 14. Thus, the liquid collected on the bottom of the housing

fl ows dowwotzhm/ispsser surface of the bottomwall 12' andpcs/Ebeohszeged i nt o
a receptacle 14. The inner surface of the bottomwall 12' thus functions as
a collecting neans 15 for collecting the liquid part of the dielectric

medi um Fromthe receptacle 14, a channel;416, preferably in the formof a
tube, leads to an indicator 18, which in the enbodi nrent shown in the Figure
is conmprised in a conpartnent 20 arranged in the panel front 21 and is thus
separate fromthe insulating space 6 . In the enbodi nent shown, the

i ndi cator 18_i.s f0 h f_t channel ext: iaNQ- A Nt
comar trent 300 SHAEHDY Borestrratdshrie PPE, Hpo e e
t he conpartnent 2@ i>tthransparent , hohasngofhprg dowat dhigl dgmer gagipce

conpartment 2 npri si i ndj,c - [ J%ngf r gggﬂﬁj to the
hei ght of thggrgggpP§§%§HhEﬁ&i?g%t%%§{6%$ﬁg%§ﬁ% e ;ﬁﬁﬁﬁéfleve %ﬁb%ﬁe
receptacl e 144i.s fgbssi bhamcyy watrdhiosg tdfr oudle t Hetdurer wealll 237 ofthiure
conpartment 20. Alternatively, the t.chg m.ght al so

transparegt %&Pft&Pnﬁheaﬁodéiﬁ&lﬁﬁggﬁpg Iﬁgﬁﬁ?sj%%bo Fheﬁ??l%ﬁ%ﬂﬁgtgﬁgfass

i s arranged duchithatrt-hefr ebeptidelleckimitheeilnsnl ati ng space can be vi ewed
fromthe outside. As a special solution the watchglas itself can be the

receptaC|e'L%%%ﬁﬁtﬁgf%éggg%agfngMﬁ %aS@kgﬁngﬁaﬁ6, preferably in the
form of a tube, leads to an indicator 18, which in the

empbodiment shown 1in the TFigure is comprised in a

10 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
15 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
20 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
25  receptacle in the insulating space can be viewed from the
outside. As a special solution the watchglas itself can be

the receptacle.



4 housing 6 insulating space 8 electrical active part 9 switch elenent 1lla,
lib, lie bus bars 12 housing wall 12' bottomwall of the housing 12' a

i ncli ned wegomnits2338 the bottomwall 12' b vertical segmeot/ephodhedhiett om
wal | 14 receptacle 15 collecting neans 16 channel 18 indicator 20
conpartment 20" outer wall of the conpartnment 21 panel frontClains 1 .
Encapsul at ed swi tchgear conprising a housi:ng (4) defining an insulating
space (6) and an electrical active part ?&; 9, 1l1a, lib, lie) arranged in
the insul ating space (6), said insulating space (6) conprising an

i nsul ati on medi um characterized in that the insulation nmediumconprises a
di el ectric conpound havi ng a boL&Ln poi nt of above -25C. 2 . Encapsul ated
swi t chgear add§tdPhgre5eEFaFR ¥ ?%ﬁ di el ectric conmpound having a boiling
poi nt of above -20 0C , preferably above -5C. 3 . Encapsul ated sw t chgear
according to claim1 or 2, characterized in that the dielectric conpound
is a

2 switchgear
4 housing
5 6 insulating space
8 electrical active part
9 switch element
1la, 11lb, 1lic bus bars
12 housing wall
10 127 bottom wall of the housing
127 a inclined segment of the bottom wall
12’b vertical segment of the bottom wall
14 receptacle
15 collecting means
15 16 channel
18 — indicator
20 compartment
20’ outer wall of the compartment

21 panel front



fl uoroketone having from4 to 12 carbon atons. 4 . Encapsul ated sw t chgear
according to claim3 , characterized in that the fluoroketone has 6 carbon
atons. 5 woBnmapsisBat ed swi tchgear according 4 , charactreriepeavionzcihat t he
fl uoroketone is dodecaf |uoro-2-nethylpentan- 3-one. 6 . Encapsul ated
swi t chgear according to any of the preceding clains, characterized in that
at operational conditions the insulationqgediumconprises an insulation gas
conprising a gaseous part of the dielectric conpound, said gaseous part
being in equilibriumwith a liquid part of the dielectric conpound.7 .
Encapsul ated swi tchgear according to claim®6r characterized in that the
insulation gas is a gas m xture, which further conprises a carrier gas. 8 .
Encapsul at ed switchgear according to claim7 , characterized in that the
carrier gas cCdmpmsses air or at |east conprises one air conponent, in
particul ar selected fromthe group consisting of carbon dioxide, oxygen and
nitrogen. 9 . Encapsul ated swi tchgear according to any of the clains 6 to 8

, Characterized in_that i npr.l receptacl e .(:14) det ) fory
conpri sing a§'|ea§PC§%68%%F%§ oﬁagﬁgh%Fagidgﬁglfggﬁkéhe%diecgkgsﬂ% p%&pound
conprised in the kelishhgg(43n 1i@suEatapgul spack swil chgedr aac cokraithgh el

claim9o , characterized in, thatgit furhher compri$es)colleflddly in the
5 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,

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

-20°C, preferably above -5°C.

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

fluoroketone having from 4 to 12 carbon atoms.

5 4. Encapsulated switchgear according to claim 3,
characterized in that the fluoroketone has 6 carbon

atoms.

5. Encapsulated switchgear according 4, characterized in

that the fluoroketone is dodecafluoro-2-methylpentan-

20 3-one.
6. 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
25 of the dielectric compound, said gaseous part being
in equilibrium with a liquid part of the dielectric

compound.



means (15; 12', 12a', 12b') for collecting at |least a portion of the liquid
part of the dielectric conpound and transferring it to the receptacle (14)
11. Enocwpuleatexssswi t chgear according to any of cl ai nece/EPe002062640
characterized in that it further conprises an indicator (18) for
determ ning the amount of the liquid part of the dielectric conmpound in the
insulating space (6), said indicator (18);-being arranged in a space
separate fromthe insulating space (6) anJ bei ng connected with the
receptacle (14) . 12. Encapsul ated sw tchgear according to any of clains 9
to 11, the housing (4) conprising a transparent area allow ng the

receptacle (14) and/or the.i dlcato res y, +to b wed: from
the outside. 13. E 8&8?8P&?58 smﬁ%cﬁ%%%%éggcouﬁ%§¥4l€a %? tﬁ%g%ﬁecgﬁlng
clainms, the sw tchgeancheirnged nbﬁak®m¢apsm¢aﬁa@uimﬂmmmeaas 14 . a gas

Encapsulated swi t chgear accor.ding t any . of th rec I t he
swi t chgear being 3% %EBFSnmW§HF593“5§8§5suPaPeageg g ﬁ%éggeg gg Process for
provi di ng an encapsul ated swi tchgear according to any of clains 6 to 14 by
I ntroducing &.di ekectpisaleorpounsvi ntiogehe in&wqﬂdﬂmgspaoe (6}aoh the

tch wh th t, of t i t d
:nghctg:?rat oggfgg 5ﬁgﬁggg%§|t%6hsg?%gl%h§ﬁ|rlﬁah e %nﬁ?o%ﬁq%§%§q§%§

insul ation gas comprisitng aegaseousomartsad 1:beed|eiEmtrComponponmd,:Sald
gaseous part beln%a&@icular selected from the group consisting of

carbon dioxide, oxygen and nitrogen.

9. Encapsulated switchgear according to any of the

10 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).

10. Encapsulated switchgear according to claim 9,

15 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).

11. Encapsulated switchgear according to any of claims 6

20 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

25 space (6) and being connected with the receptacle

(14) .

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

30 (18), respectively, to be viewed from the outside.



equilibriumwith a liquid part of the dielectric conmpound. 16. Process
according to claim 15, wherein the dielectric compound is introduced in

l'i quid fowopzownaesapon only a part of the dielectric compowrdosnssas at es
into the insulating space (6). 17. Process according to claim 16, wherein
the dielectric conpound is introduced into the bottom part of the

i nsul ating space (6) . 18. Use of a dielggtric compound having a boiling
poi nt of above -25C in an insulation nmediumfor an encapsul ated sw tchgear,
in particular for a nediumvoltage encapsul ated sw tchgear.

13. Encapsulated switchgear according to any of the
preceding claims, the switchgear being a metal-

encapsulated switchgear.

14. Encapsulated switchgear according to any of the
5 preceding claims, the switchgear being a medium

voltage encapsulated switchgear.

15. 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

10 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

15 equilibrium with a liquid part of the dielectric
compound.
16. 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

20 insulating space (6).

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

insulating space {6}.

18. Use of a dielectric compound having a boiling point
25 of above -25°C in an insulation medium for an
encapsulated switchgear, in particular for a medium

voltage encapsulated switchgear.



