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(54) CIRCUIT‑BREAKER WITH A NOZZLE STRUCTURE

(57) The invention relates to a circuit-breaker (1) for
high-voltage applications comprising
a first contact structure (20) including a first nominal
contact (22), a first arcing contact (24) and a nozzle
structure (30) surrounding the first arcing contact (24),
the nozzle structure (30) including a main nozzle throat
(32) and/or an auxiliary nozzle throat (34); and
a second contact structure (40) configured to make or
break an electrical connection between the first contact
structure (20) and the second contact structure (40) by

moving the first and second contact structures (20, 40) at
least partially relative to one another along a switching
axis (2), the second contact structure (40) including a
second nominal contact (42) corresponding to the first
nominal contact (22) and a second arcing contact (44)
corresponding to the first arcing contact (24); wherein
the first nominal contact (22) extends to or projects
beyond the main nozzle throat (32) and/or the auxiliary
nozzle throat (34) in a first direction (8) along the switch-
ing axis (2) and towards the second nominal contact (42).
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Description

Technical Field

[0001] The invention relates to a circuit-breaker, espe-
cially for high-voltage applications. The circuit-breaker
comprises a first and a second contact structure and a
nozzle structure. The circuit-breaker is configured to
make or break an electrical connection between the first
and second contact structures.

Background Art

[0002] Typically, arcing upon operating a circuit-break-
er, e.g. making or breaking current and/or an electrical
connection, especially at high voltages, results in wear of
contact structures and of a nozzle structure of a circuit-
breaker. Further, it has been found that electrical fields
within a circuit-breaker may affect the arcing location or
duration.
[0003] It is a problem to provide continuous enhance-
ment in circuit-breakers with regard to lifetime, wear and
arc extinguishment.

Summary of invention

[0004] It is therefore an object of the invention to pro-
vide solutions with respect to circuit-breakers that pro-
vide an enhanced maintenance, reduced cost and in-
creased lifetime. Particularly it is an object to avoid or
reduce disadvantages of known solutions.
[0005] The object of the invention is solved by the
features of the independent claims. Preferred implemen-
tations are detailed in the dependent claims, the descrip-
tion and the figures.
[0006] The object is particularly solved by a circuit-
breaker for high-voltage applications comprising

a first contact structure including a first nominal
contact, a first arcing contact and a nozzle structure
surrounding the first arcing contact, the nozzle struc-
ture including a main nozzle throat and/or an aux-
iliary nozzle throat; and
a second contact structure configured to make or
break an electrical connection between the first con-
tact structure and the second contact structure by
moving the first and second contact structures at
least partially relative to one another along a switch-
ing axis, the second contact structure including a
second nominal contact corresponding to the first
nominal contact and a second arcing contact corre-
sponding to the first arcing contact; wherein
the first nominal contact extends to or projects be-
yond the main nozzle throat and/or the auxiliary
nozzle throat in a first direction along the switching
axis and towards the second nominal contact.

[0007] In other words, particularly, the present inven-

tion suggests a high-voltage circuit-breaker which has
two corresponding arcing contact elements that may
withstand an arc upon operating the breaker, and two
corresponding main contact elements that may transmit
or conduct nominal or continuous current. A nozzle struc-
turearrangedsubstantially aroundafirst oneof thearcing
contact elements is provided, which nozzle structure has
at least one of a main nozzle and an auxiliary nozzle;
preferably both nozzles are provided. One or both of the
arcing contact elements, and one or both of the main
contact elements can bemoved along an axis for switch-
ingof thebreaker.Duringoperationof thebreaker, e.g. for
making or breaking the current, the main contact ele-
ments and the arcing contact elements may be coupled
or separated especially by relative movement. It is pro-
vided thatafirst oneof themaincontactelementswhich is
in an assembly (first contact structure)with the first one of
the arcing contact elements reaches or exceeds in length
at least one of: the main nozzle and the auxiliary nozzle
considered in a direction along the axis and which direc-
tion points towards the other one of the main contact
elements. Thus, the first one of the main contact ele-
ments protrudes more than usual relative to the first one
of the arcing contact elements.
[0008] The invention is facing the problem that due to
the interaction of the arc with inner surfaces of the nozzle
structure and the changed properties of the nozzle sur-
face the dielectric withstand capability of the nozzle sur-
face might be reduced in the areas facing the arc. The
dielectric withstand capability of the breaker might be
reduced after a number of switching operations. Here,
the invention provides a solution to increase the dielectric
withstand capability and/or to reduce the dielectric with-
stand capability necessary.
[0009] The invention proposes that the first nominal
contact is arranged in a way that the nozzle structure,
particularly the main nozzle throat and/or an auxiliary
channel of the nozzle structure leading to an arcing zone,
is no longer or at least far less stressed by an electrical
field relative to prior art. This is done by moving those
areas affected by an electrical field "behind" or "back-
wards of" the tip of the first nominal contact, and espe-
cially the auxiliary nozzle throat and/or the main nozzle
throat, e.g. by making the first nominal contact longer.
[0010] Anareaof themainnozzlemay remainbetween
the nominal contacts which thereby may mainly contri-
bute to insulation and/or face the electrical field. The
other zones, which might be degraded by the arc, espe-
cially the main nozzle throat and/or the auxiliary nozzle
throat, are typically according to the inventionno longer in
the electric field.
[0011] The invention provides a more reliable circuit-
breaker. The circuit-breaker has an increased lifetime.
[0012] Further advantageous implementations of the
invention are given as follows. The features named in the
implementationsmaybe individually combinedwith each
other or considered alone.
[0013] It is noted that same names for features are
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meant to stand for same features as mentioned in the
claims and throughout the description. This is particularly
mentioned with respect to some features being referred
to with indefinite articles despite having possibly being
introduced in a preceding section. Accordingly, with
matching feature names in cases with for example two
ormore indefinitearticlesof the featurenames, theskilled
person may adopt the corresponding description in each
case.
[0014] The circuit-breaker can make or break an elec-
trical connection.Thecircuit-breakermayhaveormaybe
configured as an interrupter. The circuit-breaker may
have a gas damper. The circuit-breakermay have a drive
device. The gas damper and/or the drive device may be
coupled with the first contact structure and/or the second
contact structure. The circuit-breaker may have a hous-
ing for the contact structures and the nozzle structure.
The housing may comprise a volume, especially filled
with gas or fluid e.g. an insulating gas and/or dielectric
gas or fluid. The housing is preferably provided gas-tight
and/or comprises a tube-like or cylinder-like formextend-
ing along the switching axis. The drive device is prefer-
ablymotorized and/or provided outside of the housing. In
such implementation the drive device can be connected
to the first contact structure or the second contact struc-
ture, especially via a pull rod. The drive device may
comprise an additional damper, which can be associated
and/or integrated to the drive device.
[0015] The first and/or second contact structure typi-
cally relates to an assembly and/or means for an elec-
trical connection. The first and/or second contact struc-
ture is typically at least partially and/or sectionally elec-
trically conductive. For example, the first and/or second
contact structure may have at least one contact. Typi-
cally, the first and/or second contact structure has an
arcing contact and particularly a nominal contact. The
arcing contact is meant for withstanding arcs during
opening or closing of the circuit-breaker. The nominal
contact ismeant for nominal current conductionwhen the
circuit-breaker is closed. The first and/or second contact
structure may be formed at least substantially cylindrical
and/or round.
[0016] It is preferred that the first contact structure has
a first nominal contact especially arranged radially out-
side the nozzle structure and/or the first arcing contact.
The nozzle structure may be arranged between the first
nominal contact and the first arcing contact. Particularly,
the second contact structure includes a second nominal
contact corresponding to the first nominal contact. By
way of nominal contacts, high electrical currents can be
conducted. One or both of the nominal contacts, espe-
cially the second nominal contact, may have and/or be
covered by a shield, particularly dielectric shield to shield
the contact electrically. The dielectric shield is not neces-
sarily insulating. The dielectric shield may be dielectric
and/or made of metal for guiding or controlling the elec-
trical field, especially for shielding the nominal contact(s)
from electrical fields.

[0017] The first contact structure may have a first arc-
ing contact and particularly a nozzle structure. The noz-
zle structure is particularly configured to surround and/or
enclose the first arcing contact, particularly around the
switching axis. The first arcing contact is typically at least
sectionally or partially made of metal. The first arcing
contactmay comprise or consist of tungsten, copper gold
and/or silver. The first arcing contact may have a tulip
shape, particularly extending at least partially or section-
ally along the switching axis.
[0018] The nozzle structure may have a channel or
auxiliary channel.Theauxiliarychannel particularly leads
to an arcing zone preferably adjacent to the first arcing
contact. The arcing zone is typically arranged in front of
the first arcing contact and/or between the arcing con-
tacts, for example along the switching axis. The auxiliary
channel particularly connects the arcing zone with a
heating volume for receiving heated gas or fluid coming
from the arcing zone.
[0019] The auxiliary channel may be referred to as a
heating channel since it connects the heating volume
with the arc zone and/or since it may guide heated gas or
fluid away from the arcing zone. The arc zone may be
referred to as amain channel for the arc to occur, towhich
main channel the auxiliary channel or heating channel is
typically connected.
[0020] The nozzle structure is typically, at least sec-
tionally or partially, and preferably at least in the section
forming the auxiliary channel and/or in a section forming
the arcing zone, made of a polymer compound, espe-
cially a thermoplastic polymer compound, e.g. Polytetra-
fluoroethylene, PTFE for short. The nozzle structuremay
be formed at least substantially annular, particularly
around the switching axis. The nozzle structure is typi-
cally configured for arc quenching and/or for guiding a
fluid or a gas from or to the arcing zone. Also, the nozzle
structure is typically configured for surrounding an arc
established between the contact structures.
[0021] The nozzle structure may have a main nozzle
and/or an auxiliary nozzle. The main nozzle and/or the
auxiliary nozzle may surround the first arcing contact
and/or may have an/the annular shape. The auxiliary
nozzle may be inserted into the main nozzle, particularly
along the switching axis and/or a first direction. The
nozzle structure, particularly the main nozzle, may form
a part of the auxiliary channel particularly leading to the
arcing zone.
[0022] The nozzle structuremay include amain nozzle
throat and particularly an auxiliary nozzle throat. The
main nozzle throat and particularly the auxiliary nozzle
throat may constrict an/the arcing zone. Themain nozzle
throat and particularly the auxiliary nozzle throat may
comprise an annular and/or cylindrical inner surface.
The main nozzle throat and/or the auxiliary nozzle throat
may have a diameter of at least 10 mm or at least 20 mm
and/or of up to 40 mm or up to 50 mm; for example, the
diametermaybe30±10mmfor sufficient arcextinguish-
ing properties. The main nozzle throat and the auxiliary
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nozzle throat may be in diameter at least substantially of
the same size, i.e. by 10% or 5% or less difference in
diameter; in other words, for example, the diameters of
said throats may have the same size or may be different
fromeachotherby10%or less, e.g. onebeing20mmand
the other being 18 mm as a 10% difference . More
particularly, the main nozzle throat may be at least 0,5
mm, 1mm, 2mmormore, andmay be up to 1mm, 2mm,
3 mm or more larger than the auxiliary nozzle throat.
[0023] Along the switching axis, the auxiliary channel
may be arranged at least sectionally between the main
nozzle throat and the auxiliary nozzle throat. Particularly,
the auxiliary channel may point/run in a radially outwards
direction from the arcing zone.
[0024] Sectionally, the auxiliary channel may point/run
along or in parallel to the switching axis.
[0025] Typically, the arcing zone is arranged directly
adjacent to the first arcing contact preferably along the
switching axis. The arcing zone is typically configured for
surrounding the second arcing contact. For example, the
arcing zone surrounds the second arcing contact upon
closing or opening the circuit-breaker, especially with the
second arcing contact located inside the nozzle struc-
ture, especially the auxiliary nozzle and/or main nozzle.
[0026] The main nozzle throat may be in front of the
secondcontact structure. Theauxiliary nozzle throatmay
be between the main nozzle throat and the first arcing
contact. The main and auxiliary nozzle throats may be
arranged substantially coaxially and particularly with re-
spect to the switching axis. The nozzle throat(s) is/are
configured for constricting the arc and/or for guiding of
fluid or gas.
[0027] The nozzle structure may have a main nozzle.
The main nozzle particularly forms the main nozzle
throat. The main nozzle particularly surrounds a main
arcing section of the arcing zone. The main nozzle parti-
cularly provides an electrical insulation between the first
contact structure and the second contact structure. The
main nozzle particularly provides an electrical insulation
between the first and second arcing contacts and be-
tween the first and second nominal contacts, respec-
tively. The main arcing section may be arranged distant
from to the first arcing contact.
[0028] The nozzle structure may have an auxiliary
nozzle. The auxiliary nozzle particularly forms the aux-
iliary nozzle throat. The auxiliary nozzlemay surround an
auxiliary arcing section of the arcing zone. The auxiliary
nozzle may provide control of the arc, particularly gui-
dance of the arc and/or pressure increase through va-
porization. The auxiliary arcing section may be arranged
adjacent or proximal to the first arcing contact and/or the
main arcing section. The auxiliary nozzle may form a
further part of the auxiliary channel particularly leading to
the arcing zone.
[0029] The nozzle structure may support the first nom-
inal contact and particularly the second nominal contact,
especially on an outside of the nozzle structure. The
second nominal contact may run on the outside, particu-

larly on a nozzle ring. The outside or outside surface of
the nozzle structure may be at least substantially cylind-
rical.
[0030] The second contact structure particularly in-
cludes a second arcing contact. The second arcing con-
tact is particularly provided corresponding to the first
arcing contact, e.g. to form the arc uponmaking or break-
ing the electrical connection. The second arcing contact
is typically at least sectionally or partially made of metal.
The second arcing contact may comprise or consist of
tungsten, copper gold and/or silver. The second arcing
contact may have a pin shape and/or plug shape, espe-
cially corresponding to the tulip shape and/or the first
arcing contact. The second arcing contact may at least
substantially or partially extend along the switching axis.
[0031] The circuit-breaker, for example one or both of
the second contact structures, is/are particularly config-
ured to make and/or break electrical connections be-
tween the first contact structure and the second contact
structure. In this respect, it is typically provided that the
first and second contact structures can bemoved at least
partially relative to one another along the switching axis.
For example, nominal contacts and/or arcing contacts
may be movable, especially along the switching axis,
relative to one another. It may be that one or both of a
pair of corresponding contactsmaybemovable along the
switching axis.
[0032] It is preferred that the auxiliary channel leads to
a heating volume. The nozzle structure, particularly the
channel, is particularly configured for arc quenching
especially by ablation of the nozzle structure. Generally,
the nozzle structuremay be configured for arc quenching
especially by ablation of the nozzle structure. For exam-
ple, with respect to arc quenching by ablation, the nozzle
structure, particularly the auxiliary channel, especially
thearcingzone,maybemadeof or formedwithapolymer
compound, especially PTFE, which is helpful in ablation.
Ablation protects the material by way of a gas barrier
being present between the arc and the adjacent espe-
cially insulating material.
[0033] The term high voltage relates to voltages that
exceed 1 kV. A high voltage preferably concerns nominal
voltages in the range fromabove72 kV to 800 kV, like 145
kV,245kVor420kV.Alternativelyoradditionally, the term
high voltage means preferably a voltage above 12 kV or
36 kV or 72 kV or 1100 kV. A high voltage preferably
relates tonominal voltages in the range fromabove12kV,
36 kVor 72 kV to 550 kVor 1100 kV, like 145 kV, 245 kVor
420 kV, or even more.
[0034] A ’high-voltage application’ typically relates to
an industrial system or apparatus that involves voltage,
e.g. in the energy industry or in energy-consuming facil-
ities. Here, the circuit-breaker may be applied for making
or braking electrical connections.
[0035] The circuit-breaker may include one or more
components such as, a puffer-type cylinder, a self-blast
chamber, a pressure collecting space, a compression
space, or puffer volume, and an expansion space. The
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circuit-breakermay effectuate interruption of the conduc-
tive connections by means of one or more of such com-
ponents, thereby discontinuing flow of electrical current
in theconductiveconnections, and/or extinctionof thearc
produced when the electrical connection is interrupted.
The term "axial" typically designates an extension, dis-
tance etc. in the direction of the axis. The term "radial"
typically designates an extension, distance etc. in a
direction oblique or perpendicular to the axis. The term
"cross-section" typically relates a plane perpendicular or
in parallel to to a corresponding axis, e.g. the switching
axis.
[0036] High or medium voltage devices, such as cir-
cuit-breakers and switchgears are essential for the pro-
tection of technical equipment, especially in the high
voltage range. For example, circuit-breakers are predo-
minantly used for interrupting a current, when an elec-
trical fault occurs. As an example, circuit-breakers have
the task of opening arcing contacts, quench an arc, and
keeping the arcing contacts apart from one another in
order toavoid acurrent floweven in caseof highelectrical
potential originating from the electrical fault itself. Circuit-
breakersmay breakmedium to high short circuit currents
of typically 1 kA to 80 kA atmedium to high voltages of 12
kV to 72 kV and up to 1200 kV. Thus, high or medium
voltage devices accommodate high-voltage conductors
such as conductors to which a high voltage is applied.
[0037] The circuit-breaker may comprise and/or may
be filled with a gas or fluid, especially insulating gas
and/or dielectric insulation medium, especially config-
ured for arc extinguishment. The insulating gas and/or
dielectric insulationmedium can be any suitable gas that
enables to adequately extinguish the electric arc formed
between the contact elements during a current interrup-
tion operation, such as, but not limited, to an inert gas as,
for example, sulphur hexafluoride SF6. Specifically, the
insulatinggasusedcanbeSF6gasor anyother dielectric
insulation medium and/or insulating gas, may it be gas-
eous and/or liquid, and in particular can be a dielectric
insulation gas or arc quenching gas. Such dielectric
insulationmedium and/or insulating gas can for example
encompass media comprising an organofluorine com-
pound, such organofluorine compound being selected
from the group consisting of: a fluoroether, an oxirane, a
fluoroamine, a fluoroketone, a fluoroolefin, a fluoronitrile,
and mixtures and/or decomposition products thereof.
Herein, the terms "fluoroether", "oxirane", "fluoroamine",
"fluoroketone", "fluoroolefin" and "fluoronitrile" refer to at
least partially fluorinated compounds. In particular, the
term "fluoroether" encompasses both hydrofluoroethers
and perfluoroethers, the term "oxirane" encompasses
both hydrofluorooxiranes and perfluorooxiranes, the
term "fluoroamine" encompasses both hydrofluoroa-
mines and perfluoroamines, the term "fluoroketone" en-
compasses both hydrofluoroketones and perfluoroke-
tones, the term "fluoroolefin" encompasses both hydro-
fluoroolefins and perfluoroolefins, and the term "fluoroni-
trile" encompasses both hydrofluoronitriles and perfluor-

onitriles. It can thereby be preferred that the fluoroether,
the oxirane, the fluoroamine and the fluoroketone are
fully fluorinated, i.e. perfluorinated.
[0038] The insulating gas and/or dielectric insulation
medium can be selected from the group consisting of: a
hydrofluoroether, a perfluoroketone, a hydrofluoroolefin,
a perfluoronitrile, and mixtures thereof. In particular, the
term "fluoroketone" as used in the context of the present
invention shall be interpreted broadly and shall encom-
pass both fluoromonoketones and fluorodiketones or
generally fluoropolyketones. Explicitly, more than a sin-
gle carbonyl group flanked by carbon atoms may be
present in the molecule. The term shall also encompass
both saturated compounds and unsaturated compounds
including double and/or triple bonds between carbon
atoms. The at least partially fluorinated alkyl chain of
the fluoroketones can be linear or branched and can
optionally form a ring. The dielectric insulation medium
and/or insulating gas may comprise at least one com-
pound being a fluoromonoketone and/or comprising also
heteroatoms incorporated into the carbon backbone of
the molecules, such as at least one of: a nitrogen atom,
oxygen atom and sulphur atom, replacing one or more
carbonatoms.Morepreferably, the fluoromonoketone, in
particular perfluoroketone, can have from 3 to 15 or from
4 to 12 carbon atoms and particularly from 5 to 9 carbon
atoms.Most preferably, it may comprise exactly 5 carbon
atoms and/or exactly 6 carbon atoms and/or exactly 7
carbon atoms and/or exactly 8 carbon atoms.
[0039] Further, the insulating gas and/or dielectric in-
sulation medium may comprise at least one compound
being a fluoroolefin selected from the group consisting of:
hydrofluoroolefins (HFO) comprising at least three car-
bon atoms, hydrofluoroolefins (HFO) comprising exactly
three carbon atoms, trans‑1,3,3,3-tetrafluoro‑1-propene
(HFO‑1234ze), 2,3,3,3-tetrafluoro‑1-propene
(HFO‑1234yf), and mixtures thereof. The organofluorine
compound can also be a fluoronitrile, in particular a
perfluoronitrile. In particular, the organofluorine com-
pound can be a fluoronitrile, specifically a perfluoronitrile,
containing twocarbonatoms, and/or three carbonatoms,
and/or four carbon atoms. More particularly, the fluoroni-
trile can be a perfluoroalkylnitrile, specifically perfluoroa-
cetonitrile, perfluoropropionitrile (C2F5CN) and/or per-
fluoro-butyronitrile (C3F7CN). Most particularly, the
fluoronitrile can be perfluoroisobutyronitrile (according
to the formula (CF3)2CFCN) and/or perfluoro‑2-methox-
ypropanenitrile (according to formula CF3CF(OCF3)
CN).Of these, perfluoroisobutyronitrile (i.e. 2,3,3,3-tetra-
fluoro‑2-trifluoromethyl propanenitrile alias i-C3F7CN) is
particularly preferred due to its low toxicity. The dielectric
insulationmediumand/or insulating gas can further com-
prise a background gas or carrier gas different from the
organofluorine compound (in particular different from the
fluoroether, the oxirane, the fluoroamine, the fluoroke-
tone and the fluoroolefin) and can in embodiments be
selected from the group consisting of: air, N2, 02, CO2, a
noble gas, H2; NO2, NO, N2O; fluorocarbons and in
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particular perfluorocarbons, suchasCF4;CF3l,SF6;and
mixtures thereof. For example, the dielectric insulating
gas can be CO2 in an embodiment.
[0040] The first nominal contact may extend to or pro-
ject beyond at least one of the main nozzle throat, the
main arcing section and/or the auxiliary nozzle throat
(particularly considering that not necessarily all of these
features are given in some embodiments) in a first direc-
tion. The first direction is particularly considered along
the switching axis and towards the second nominal con-
tact. Thus, the first nominal contact extends further to-
wards the second nominal contact than usually known in
prior art which supports a shift in the electrical field.
[0041] With respect to a very advantageous embodi-
ment of the invention, it is provided that that the first
nominal contact extends to or projects beyond at least
one of the first arcing contact, the auxiliary nozzle, the
auxiliary nozzle throat, the auxiliary arcing section and/or
the auxiliary channel, particularly considered in or along
the first direction, and particularly projects beyond by a
distance that equals or is more than an inner diameter of
the first arcing contact or of the nozzle structure. In this
respect, a distance which the first nominal contact may
project beyond is beneficially chosen to exceed the inner
diameter of the first arcing contact, themain nozzle throat
and/or the auxiliary nozzle throat. This has been proved
to further reduce the effect of wear or damage of the
nozzle structure from arcs to dielectric properties of the
circuit-breaker (e.g. voltage strength in open position).
[0042] The first nominal contact may project beyond
the main nozzle, the main nozzle throat and/or the main
arcing section, particularly considered in the first direc-
tion, and particularly projects beyond by a distance that
equalsor ismore than the innerdiameterof thefirst arcing
contact or of the nozzle structure. In this respect, a
distance which the first nominal contact may project
beyond is beneficially chosen to exceed the inner dia-
meter of the first arcing contact, the main nozzle throat
and/or the auxiliary nozzle throat. This has been proved
to further reduce damage from arcing.
[0043] The main nozzle may have a nozzle diffusor or
also named nozzle diffuser. The nozzle diffusor may be
arranged adjacent to the main nozzle or main nozzle
throat. It may be provided that mainly or only the nozzle
diffusor of the main nozzle is configured for an/the elec-
trical insulation between the first contact structure and
the second contact structure, for example by being rela-
tively long along the switching axis. The nozzle diffusor is
particularly formed monolithically with or on the main
nozzle.
[0044] The nozzle diffusor may be arranged opposite
the first nominal contact and along the first direction
adjacent to themain nozzle throat and/or themain arcing
section. Preferably, the nozzle diffusor is along the first
direction at least two, three, four or five times as long as
themainnozzle throat. Itmaybe that thenozzlediffusor is
shaped conically and/or to surround the second arcing
contact. The nozzle diffusor may have a concave and/or

conus shape particularly at least substantially facing
away from the first arcing contact.
[0045] The circuit-breaker may comprise an auxiliary
contact. The auxiliary contact particularly is electrically
coupled to the first contact structure and/or may be
formed with the first contact structure. It is beneficially
provided that the auxiliary contact extends into the aux-
iliary channel especially radially and/or from a side of the
auxiliary channel. The auxiliary contact may not extend
into the auxiliary channel starting from the arcing zone
and/or from the side of the first arcing contact facing the
second arcing contact. Particularly, the auxiliary contact
may be formed with and/or attached to the first arcing
contact at a location remote from the arcing zone and
particularly in order to penetrate into the auxiliary chan-
nel, e.g. distant to the arcing zone.
[0046] The auxiliary contact may be monolithically
formed with the first arcing contact. The auxiliary contact
may be attached to the first arcing contact, e.g. bonded.
The auxiliary contact may be made of the same material
as the first arcing contact. The auxiliary contact is typi-
cally at least sectionally or partially made of metal. The
auxiliary contact may comprise or consist of tungsten,
copper gold and/or silver. The auxiliary contactmay have
a pin shape and/ormaybe in the formof a radially outside
protrusion on the first arcing contact.
[0047] ’Extending into the auxiliary channel’ in the
context of the auxiliary contact typically relates to being
located at least partially inside the auxiliary channel.
Typically, the auxiliary contact extends into the auxiliary
channel at a location that is not meant for fluid to enter or
leave the auxiliary channel, but particularly rather that is
meant for fluid to be guided continuously between the
arcing zone and a heating volume and/or an exhaust.
[0048] The auxiliary contact is particularly configured
for receiving an arc from the arcing zone via the auxiliary
channel. Thereby, the auxiliary contact is particularly
made to withstand arcing or arcs, at least for a number
of times. The auxiliary contact is furthermoremeant to be
contacted by an arc that is guided into the auxiliary
channel from its origin between the arcing contacts.
Thereby, the arc can be handled in the auxiliary channel.
Particularly, the arc may not go beyond the auxiliary
contact in the case it enters the auxiliary channel.
[0049] It is preferred that the auxiliary channel leads to
the auxiliary contact. The nozzle structure, particularly
the auxiliary channel in the section leading from the
arcing zone to the auxiliary contact, is particularly con-
figured for arc quenching especially by ablation of the
nozzle structure. For example, with respect to arc
quenching by ablation, the auxiliary channel adjacent
to the auxiliary contact, may be made of or formed with
apolymercompound,especiallyPTFE,which ishelpful in
ablation. Ablation protects the material by way of a gas
barrier being present between the arc and the adjacent
especially insulating material. Ablation may be usable in
order to control the arc, particularly guide the arc and/or
support a pressure increase through vaporization. Abla-
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tion may support an arc extinguishing gas flow.
[0050] With respect to a very advantageous embodi-
ment of the invention, it is provided that the auxiliary
contact extends into the auxiliary channel in a location
distant to the arcing zone. For example, the auxiliary
contactmayextend into theauxiliary channel at a location
distant to the arcing zone and particularly even more
distant to the second contact structure. The auxiliary
contact may extend into the auxiliary channel in a radial
outside/radially outwards direction and/or away from the
first arcing contact. The auxiliary contact may extend
across the auxiliary channel in the radially outwards
direction.
[0051] It is preferred that the auxiliary contact extends
sectionally across the auxiliary channel in a circumfer-
ential direction around the switching axis.
[0052] The auxiliary contact may have the shape of a
protrusion and/or a ring and/or a shoulder on a side of the
first arcing contact. The auxiliary contact may at least
sectionally surround the first arcing contact around the
switching axis. There may be a plurality of auxiliary con-
tacts, e.g. wherein the auxiliary contacts are distributed
along and/or around the first arcing contact and/or the
auxiliary channel. The plurality of auxiliary contacts may
contain two or more, e.g. three, four, five or a multiple
thereof, auxiliary contacts. The plurality may be partially
or fully formed monolithically with the first arcing contact
for low electrical resistance.
[0053] The auxiliary contact may have at least one or a
plurality of recesses, especially extendingalongand/or in
parallel to the switching axis and/or the first direction. For
example, the recess(es) may be in the form of a bore or a
hole though the auxiliary contact, e.g. for letting a fluid or
gas pass while still receiving the arc.
[0054] The term ’or’ may be replaced by ’and/or’
throughout the present disclosure. As such, where ’or’
is used, it is not necessarily meant that merely alterna-
tives are named.

Brief description of drawings

[0055] These and other aspects of the invention will be
apparent from and elucidated with reference to the im-
plementations described hereinafter.
[0056] In the drawings:

Fig. 1 shows a schematic cross-section of a circuit-
breaker, wherein a first nominal contact projects
beyond a first arcing contact, an auxiliary nozzle
throat, and an auxiliary channel, and extends to a
main nozzle throat, and wherein an auxiliary contact
extends into the auxiliary channel of the nozzle
structure; and

Fig. 2 shows a schematic cross-section of a circuit-
breaker, wherein a first nominal contact projects
beyond a first arcing contact, an auxiliary nozzle
throat, an auxiliary channel, and extends to a main

nozzle throat.

Description of implementations

[0057] The description contains procedural or metho-
dical aspects upon describing structural features of the
invention; the structural features can be understood well
in that way. It is emphasized to the reader that such
structural features can be lifted from the described con-
text without hesitation or the question of an intermediate
generalization to form aspects of the invention. It is also
emphasized to the reader that any the structural features
described in the following can be understood as indivi-
dual aspects of the invention to distinguish from known
solutions, despite being possibly lifted from the context.
[0058] In Fig. 1 a circuit-breaker 1 is shown in a cross-
section. The circuit-breaker 1 is configured to make or
breakanelectrical connection. InFig. 1, the circuit-break-
er 1 is not making the electrical connection. The circuit-
breaker 1 is in an open position. The circuit-breaker 1 is
filled with insulating gas configured for arc extinguish-
ment. The circuit-breaker 1 is configured for high-voltage
applications, e.g. applications involving a voltage above
72 kV.
[0059] Generally, the circuit-breaker 1 may be move-
d/actuated into a closed position in which the electrical
connection is made. The circuit-breaker 1 may be move-
d/actuated into the open position in which the electrical
connection is undone or not present. Thus, the circuit-
breaker 1 can make or break an electrical connection. It
may also be said that the circuit-breaker 1 can make and
break an electrical connection.
[0060] The circuit-breaker 1 has a first contact struc-
ture 20 including a first nominal contact 22, a first arcing
contact 24, and a nozzle structure 30. The nozzle struc-
ture 30 surrounds the first arcing contact 24. The nozzle
structure 30 includes a main nozzle throat 32 and an
auxiliary nozzle throat 34.Further, thenozzle structure30
includes an auxiliary channel 36 that leads to an arcing
zone 3 adjacent to the first arcing contact. Further, espe-
cially opposite the arcing zone 3 (towards the left in Fig.
1), the auxiliary channel 36 leads to a heating volume.
Preferably, an exhaust is connected to an exhaust tube
that is connected to the first arcing contact 24, particularly
tulip shape, and on the other side to a diffusor.
[0061] Presently, the first contact structure 20, espe-
cially the first nominal contact 22, the first arcing contact
24, the nozzle structure 30, the auxiliary channel 36, are
at least sectionally and/or partially substantially annular
shaped which provides symmetry around a switching
axis 2.
[0062] The circuit-breaker 1 has a second contact
structure 40 including a second nominal contact 42
and a second arcing contact 44. Presently, the second
contact structure 40, especially the second nominal con-
tact 42, is at least sectionally and/or partially substantially
annular shaped which provides symmetry around the
switching axis 2. The second nominal contact 42 sur-
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rounds the second arcing contact 44. The second arcing
contact 24 is shaped substantially symmetrical and/or
cylindrical around the switching axis 2.
[0063] The circuit-breaker 1, especially the second
contact structure 40, is configured to make or break
the electrical connection between the first 20 and the
second 40 contact structure by moving the first and
second contact structures 20, 40 relative to one another
along the switching axis 2. Particularly, the second con-
tact structure 40 is movably arranged relative to the first
contact structure 20 with respect to each of its parts. The
second nominal contact 42 and the second arcing con-
tact 44 can be moved along the switching axis 2, espe-
cially independently.
[0064] The second nominal contact 44 can get into
contact with the first nominal contact 42 when the cir-
cuit-breaker 1 is being closed. The second nominal con-
tact 44 is configured to surround the first nominal contact
24.
[0065] The first arcing contact 24 has a tulip shape and
the second arcing contact 44 has a pin shape or plug
shape extending along the switching axis 2. The second
arcing contact 44 can be plugged into the first arcing
contact 24. The second arcing contact 42 can get into
contact with the first arcing contact 22 when the circuit-
breaker 1 is being closed. The first arcing contact 22 is
configured to surround the second arcing contact 42.
[0066] The arcing contacts 24, 44 are configured to
withstand arcing at least for a number of times, i.e. made
of thermically resistant metal, e.g. including tungsten,
copper, silver or the like.
[0067] The second nominal contact 42 corresponds to
thefirst nominal contact 22.Thesecondarcingcontact44
corresponds to the first arcingcontact 24.Particularly, the
contacts 42 and 44 and/or the contacts 22 and 24may be
moved along the switching axis 2 individually relative to
one another especially to selectively and/or successively
make or break the electrical connection including aman-
agement of arcing between the arcing contacts 24, 44.
[0068] The first nominal contact 22 is arranged radially
outside thenozzlestructure30and thefirst arcingcontact
24. The nozzle structure 30 is arranged between the first
nominal contact 22 and the first arcing contact 24. The
second nominal contact 42 is covered by a particularly
dielectric shield 46.
[0069] The nozzle structure 30 includes a main nozzle
throat 32andanauxiliarynozzle throat 34constricting the
arcing zone 3 adjacent, especially directly adjacent, to
the first arcing contact 24 along the switching axis 2 and
configured for surrounding the second arcing contact 44.
The nozzle throats 32, 34 are particularly at least sub-
stantially cylindrically shaped.
[0070] The arcing zone 3 especially begins along the
first direction 8 and/or the switching axis 2 directly at
and/or in front of the first arcing contact 24. The arcing
zone 3 especially ends along the first direction 8 and/or
the switching axis 2 at the end of the nozzle throat,
particularly the main nozzle throat 32. The arcing zone

3 is typically at least substantially cylindrically shaped.
[0071] A main nozzle 31 of the nozzle structure 30
forms the main nozzle throat 32 and surrounds a main
arcing section 4 of the arcing zone 3. Themain nozzle 31
provides a distance between the first arcing contact 24
and the first nominal contact 22. The main nozzle 32
forms a part of the auxiliary channel 36. Themain nozzle
32may be amonolithically shaped part, especially made
from a polymer compound, i.e. plastic.
[0072] An auxiliary nozzle 33 of the nozzle structure 30
forms the auxiliary nozzle throat 34 and surrounds an
auxiliary arcing section 5 of the arcing zone 3. The
auxiliary nozzle provides a distance between the first
arcing contact 24 and the first nominal contact 22. The
auxiliary nozzle 33 forms a further part of the auxiliary
channel 36. The auxiliary nozzle 33 may be a monolithi-
cally shaped part, especially made from a polymer com-
pound, i.e. plastic. The main nozzle 32 and the auxiliary
nozzle 33 surround the first arcing contact 24. The noz-
zles 32 and 34 may be bonded and/or connected, espe-
ciallymonolithically. The nozzles 32and34maybemade
of the same material.
[0073] The nozzle structure 30, especially the main
nozzle 31, supports the first nominal contact 22 and
the second nominal contact 42 on an outside or outside
surface of the nozzle structure 30, particularly which
outside surface ist at least substantially cylindrically
shaped. The main nozzle 31 and the auxiliary nozzle
33 surround the first arcing contact 24 and optionally the
second arcing contact 44. The second nominal 42 con-
tact runs on the outside, particularly on a nozzle ring 7.
[0074] The nozzle structure 30, especially the main
nozzle 31 and the auxiliary nozzle 33, consist of the
polymer compound Polytetrafluoroethylene, PTFE for
short. In this way, the nozzle structure 30 is configured
for arc quenching by ablation of the plastic material, i.e.
PTFE, of the nozzle structure 30.
[0075] The nozzle structure 30, namely the main noz-
zle 31, has and/or forms a nozzle diffusor 38 that is
configured for an electrical insulation between the first
20 and the second 40 contact structure. The nozzle
diffusor 38 is arranged and extends opposite the first
nominal contact 22along the switchingaxis 2. Thenozzle
diffusor 38 is arranged adjacent to themain nozzle throat
32, and adjacent to themain arcing section 4. The nozzle
diffusor 38 is shaped conically to surround the second
arcing contact 44. The nozzle diffusor 38 is integrated
with the main nozzle 31.
[0076] According to a first aspect of the embodiment of
Fig. 1, it is provided that the first nominal contact 22
extends to and even projects beyond the main nozzle
throat 32 and the auxiliary nozzle throat 34 in a first
direction 8 along, particularly in parallel to, the switching
axis 2 and towards the second nominal contact 42.
[0077] Further, the first nominal contact 22 projects
beyond the auxiliary nozzle throat 34 and the auxiliary
channel 36 in the first direction 8 by a distance 6. Parti-
cularly, saiddistance6 ismore thanan innerdiameter 9of
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the first arcing contact 24 and an inner diameter 10 of the
nozzle structure 30, particularly of the main nozzle 33
and/or of the auxiliary nozzle 33.
[0078] Further, the first nominal contact 22 projects
beyond the main nozzle throat 32 in the first direction 8
by the distance 6. Particularly, said distance 6 is more
than the inner diameter 9 of the first arcing contact 24 and
the inner diameter of the nozzle structure 30, particularly
of the main nozzle 33 and/or of the auxiliary nozzle 33.
[0079] Presently, only thenozzle diffusor38of themain
nozzle 31 is configured for an electrical insulation be-
tween the first contact structure 20 and the second con-
tact structure40.Particularly, thenozzlediffusor 38 forms
a front end of the first contact structure 20.
[0080] The nozzle diffusor 38 is along the first direction
8 and/or the switching axis 2 at least two, or four times as
long as the main nozzle throat 32. The nozzle diffusor 38
is shaped conically and concave to surround the second
arcing contact 44. The conical and concave shape is
arranged to face away from the first arcing contact 24.
[0081] The first contact structure 20, the nozzle struc-
ture30and/or the secondcontact structure40areat least
sectionally, substantially, partially and/or fully shaped
circumferentially around the switching axis 2.
[0082] According to a second aspect of the embodi-
ment of Fig. 1 an auxiliary contact 60 is provided. The
auxiliary contact 60 is electrically coupled to the first
contact structure 20 by being monolithically formed with
the first arcing contact 24.
[0083] The auxiliary contact 60 extends into the aux-
iliary channel 36 and is configured for receiving an arc
from the arcing zone 3 via the auxiliary channel 36. The
auxiliary channel 36 leads from the arcing zone 3 to the
auxiliary contact 60 and is configured for arc quenching
by ablation of the nozzle structure 30.
[0084] The auxiliary contact 60 extends into the aux-
iliary channel 36 in a location distant to the arcing zone 3.
The auxiliary contact 60 extends in a radially outwards
direction 11 from the first arcing contact 24. The auxiliary
contact 60 extends across the auxiliary channel 36 in the
radially outwards direction 11 across at least 10 % of the
widthof theauxiliary channel 36 inorder to receiveanarc.
[0085] It may be that the auxiliary contact 60 forms a
surface of the auxiliary channel 36 and/or has a substan-
tially stepless transition with the auxiliary channel 36. In
this case, the auxiliary contact 60 may as well receive an
arc.
[0086] The auxiliary contact 60 extends across the
auxiliary channel 36 in a circumferential direction 12
around the switching axis 2. The auxiliary contact 60 is
in the shape of a sectional protrusion and/or ring, parti-
cularly a shoulder on a side of the first arcing contact 24
around the switching axis 2.
[0087] The auxiliary contact 60 has recesses 62 ex-
tending along the switching axis 2 for letting gas or fluid
being guided through the auxiliary channel 36 pass. The
recesses 62 are in the form of circumferentially distrib-
uted bores or cut-outs from the auxiliary contact 60.

[0088] The auxiliary contact 60 is made of the same
material as the first arcing contact 24.
[0089] In other embodiments it can be realized that the
auxiliary contact 60 is made of a different material com-
pared to the first arcing contact 24. For example, one is
madeof a first alloy and theother one ismadeof a second
alloy, e.g. containing copper and/or tungsten or other
metals.
[0090] In Fig. 2 a further embodiment of a circuit-break-
er 1 is shown in a cross-section along a switching axis 2.
[0091] This embodiment is substantially similar to that
of Fig. 1 with the note that the features with respect to the
secondaspect describedaboveare substantially absent.
In other words, particularly, the embodiment of Fig. 2
does not exhibit an auxiliary contact 60.
[0092] The embodiment of Fig. 2 focuses on a first
nominal contact 22 extending beyond a main nozzle
throat 32 and an auxiliary nozzle throat 34 in a first
direction 8 along the switching axis 2 and towards the
second nominal contact.
[0093] It applies that same referencesandcorrespond-
ingdescriptioncanbeapplied in thecomparisonbetween
Figs. 1 and 2.

Reference signs list

[0094]

1 circuit-breaker
2 switching axis
3 arcing zone
4 main arcing section
5 auxiliary arcing section
6 distance
7 nozzle ring
8 direction
9 diameter
10 diameter
11 radially outwards direction
12 circumferential direction

20 first contact structure
22 first nominal contact
24 first arcing contact

30 nozzle structure
31 main nozzle
32 main nozzle throat
33 auxiliary nozzle
34 auxiliary nozzle throat
36 auxiliary channel
38 nozzle diffusor

40 second contact structure
42 second nominal contact
44 second arcing contact
46 shield
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60 auxiliary contact
62 recess

Claims

1. Circuit-breaker (1) for high-voltage applications
comprising

a first contact structure (20) including a first
nominal contact (22), a first arcing contact
(24) and a nozzle structure (30) surrounding
the first arcing contact (24), the nozzle structure
(30) including a main nozzle throat (32) and/or
an auxiliary nozzle throat (34); and
a second contact structure (40) configured to
make or break an electrical connection between
the first contact structure (20) and the second
contact structure (40) by moving the first and
second contact structures (20, 40) at least par-
tially relative to one another along a switching
axis (2), the second contact structure (40) in-
cluding a second nominal contact (42) corre-
sponding to the first nominal contact (22) and
a second arcing contact (44) corresponding to
the first arcing contact (24); wherein
the first nominal contact (22) extends to or pro-
jects beyond the main nozzle throat (32) and/or
the auxiliary nozzle throat (34) in a first direction
(8) along the switching axis (2) and towards the
second nominal contact (42).

2. Circuit-breaker (1) according to the preceding claim,
the main nozzle throat (32) and particularly the aux-
iliary nozzle throat (34) constricting an arcing zone
(3) directly adjacent to the first arcing contact (24)
along the switching axis (2) and configured for sur-
rounding the second arcing contact (44).

3. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the nozzle structure (30) has
a main nozzle (31) forming the main nozzle throat
(32) and surrounding amain arcing section (4) of the
arcing zone (3) , wherein the nozzle structure (30) is
particularly configured for arc quenching by ablation
of the nozzle structure (30).

4. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the nozzle structure (30),
particularly the main nozzle (31), forms a part of
an auxiliary channel (36) leading to the arcing zone
(3).

5. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the main nozzle (31) sup-
ports the first nominal contact (22) and the second
nominal contact (42), especially on an outside of the
main nozzle (31).

6. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the nozzle structure (30) has
an auxiliary nozzle (33) forming the auxiliary nozzle
throat (34) and surrounding an auxiliary arcing sec-
tion (5) of the arcing zone (3) and providing an
electrical insulation between the first arcing contact
(24) and the first nominal contact (22), particularly
wherein the auxiliary nozzle (33) forms a further part
of the auxiliary channel (36) leading to the arcing
zone (3).

7. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the first nominal contact (22)
projects beyond the auxiliary nozzle throat (34) an-
d/or the auxiliary channel (36) in the first direction (8)
by a distance (6) that equals or is more than an inner
diameter (9, 10) of the first arcing contact (24) or of
the nozzle structure (30).

8. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the first nominal contact (22)
projects beyond the main nozzle throat (32) in the
first direction (8) by a distance (6) that equals or is
more than an inner diameter (9, 10) of the first arcing
contact (24) or of the nozzle structure (30).

9. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the main nozzle (31) and/or
the auxiliary nozzle (33) surround(s) the first arcing
contact (24).

10. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein only a nozzle diffusor (38) of
the main nozzle (31) is configured for an electrical
insulation between the first contact structure (20)
and the second contact structure (40).

11. Circuit-breaker (1) according to the preceding claim,
wherein the nozzle diffusor (38) is arranged opposite
the first nominal contact (22) and along the first
direction (8) adjacent to the main nozzle throat
(32) and/or the main arcing section (4).

12. Circuit-breaker (1) according to the preceding claim,
wherein the nozzle diffusor (38) is along the first
direction (8) at least two, three, four or five times
as long as themain nozzle throat (32), and/or where-
in the nozzle diffusor (38) is shaped conically to
surround the second arcing contact (44).

13. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the nozzle structure (30)
comprisesor consists of apolymer compound, espe-
cially PTFE, and/or wherein the second nominal
contact (42) is covered by a shield (46).

14. Circuit-breaker (1) according to any one of the pre-
ceding claims, wherein the first arcing contact (24)
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has a tulip shape and/or wherein the second arcing
contact (44) has a pin shape extending at least
partially along the switching axis (2).

15. Circuit-breaker (1) according to any one of the pre-
ceding claims, comprising an auxiliary contact (60)
electrically coupled to the first contact structure (20),
auxiliary contact (60) extending into the auxiliary
channel (36) andconfigured for receivinganarc from
the arcing zone (3) via the auxiliary channel (36),
particularly wherein

the auxiliary channel (36) leads to the auxiliary
contact (60) and is configured for arc quenching
by ablation of the nozzle structure (30),
the auxiliary contact (60) extends into the aux-
iliary channel (36) in a location distant to the
arcing zone (3),
the auxiliary contact (60) extends in a radially
outwards direction (11) from the first arcing con-
tact (24), and/or
the auxiliary contact (60) extends across the
auxiliary channel (36) in the radially outwards
direction (11).
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