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Description

[0001] Aspects of the invention relate to a circuitbreak-
er comprising a nozzle being manufactured by 3D print-
ing as a single piece.

[0002] Further aspects relate to a method of manufac-
turing a circuit breaker having a nozzle.

Technical background:

[0003] Circuit breakers are known. Circuit breakers
may have two contact elements which may move relative
to each other along a central axis of the circuit breaker.
An arc may form when the circuit breaker is opened, that
is when the two contact elements are separated from
each other. There may be an arcing zone between the
two contact elements in which the arc is generated when
the circuit breaker is opened or switched. The arc may
be extinguished using an extinguishing gas.

[0004] Fig. 1 shows a cross-sectional representation
of a part of a circuit-breaker. This circuit-breaker has two
opposing contact elements 210, 220 which are movable
relative to each other along a central axis CA of the circuit-
breaker by means of a drive. Contact element 210 is a
metal contact tulip, contactelement 220 is a metal contact
pin. An arc area 330 is provided between the two contact
elements 210, 220, in which, for example, an arc is
formed when the circuit-breaker is opened, in which the
two contact elements are separated from each other. Fur-
thermore, the circuit-breaker shown in Fig. 1 has a cylin-
drical auxiliary nozzle 100b which at least partially en-
closes the contact element 210. The inner jacket of the
auxiliary nozzle faces the arc area 330. Furthermore, the
circuit breaker shown has a main nozzle 100a which at
least partially encloses the auxiliary nozzle 100b. A chan-
nel 320 is formed between the auxiliary nozzle 100b and
the main nozzle 100a, which connects the arc area 330
with a gas reservoir 310, an upstream reservoir where
the gas is temporarily stored with high pressure. The gas
reservoir 310 is arranged circumferentially outside the
auxiliary nozzle 100b. After the zero crossing of the cur-
rent at which the currentis meant to be interrupted during
the switching operations of such a circuit-breaker, arc
restrikes can occur due to the rise of the transient recov-
ery voltage across the breaker terminals. These restrikes
can run at least partially through channel 320 between
the auxiliary nozzle 100b and the main nozzle 100a in
an undesirable manner. Such an arc is indicated by the
reference number 400 in Fig. 1. It extends from the con-
tact element 220 along the inner jacket of the main nozzle
100a to the end region of the main nozzle 100a forming
a side wall of the channel 320 and then continues in the
channel region at its upper boundary wall in Fig. 1 until
itis finally deflected in the direction of the contact element
210.

[0005] DE 20 2017 103 766 U1 describes an auxiliary
nozzle which atleast partially encloses one of the contact
elements, a main nozzle which at least partially encloses
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the auxiliary nozzle, and a channel between the auxiliary
nozzle and the main nozzle. During separation of contact
elements when a circuit breaker is opened, a breakdown
of insulating gas may initiate in the region around a con-
tact element such as a plug tip. The breakdown of insu-
lating gas may lead to a formation of a highly conductive
plasma channel or a leader. The leader may have a ten-
dency to stick to a nearby wall such as a nozzle surface.
The leader may travel towards the other contact element
such as a tulip under the drive of the electric field gener-
ated by the recovery voltage. Once the leader gets in
proximity of the gap or gas channel between the main
nozzle and the auxiliary nozzle, the leader may either
bridge over the gap or gas channel and reach the tulip
or remain attached to the surface of the nozzle, enter the
gap and travel along a surface of the gas channel. The
leader may travel until it is discharged on a metal part
having the same potential as the other contact element
or tulip.

[0006] Flashover traces may form when the latter sit-
uation, wherein the leader does not bridge the gap but
enters the gap, occurs during a breaking operation. The
flashover traces may form on the nozzle surfaces. Punc-
tures or holes through the nozzle body may also form.
[0007] While performing a breaking sequence in a cer-
tification test, it is expected that the breaker fails to inter-
rupt the current at the confirmation of minimum arcing
time. The IEC standard prescribes that such failed break-
ing operations must not result in flashover traces. If
flashover traces are revealed during an inspection of the
breaker, the certification test might be considered to be
failed even though the breaker has cleared the IEC se-
quence.

[0008] Thus, flashover in the gas channel that sepa-
rates the auxiliary nozzle and main nozzle should be
avoided. Thatis, propagation of a leader along a surface
of the gas channel or gap between the auxiliary nozzle
and main nozzle should be avoided.

[0009] DE 202017 103 766 U1 describes a configura-
tion to guide a plasma channel or a leader from one con-
tact element to the other contact element, along the inner
jacket of the main nozzle and the auxiliary nozzle, such
that the leader does not enter the gas channel or gap
between the main nozzle and the auxiliary nozzle. DE 20
2017 103 766 U1 describes a configuration where one
of the auxiliary nozzle or the main nozzle has an exten-
sion section bridging the channel in a direction parallel
to the central axis such that the inner casing or inner
jacket or inner surface of the auxiliary nozzle and the
inner casing of the main nozzle adjoin one another in a
direction parallel to the central axis of the nozzle without
interruption or substantially without interruption. "Sub-
stantially without interruption" may include a configura-
tion where a narrow gap between the auxiliary nozzle
and the main nozzle, for example, a gap of less than 1
mm, is formed such that a leader travelling from one con-
tact element to the other contact element bridges the gap
and does not propagate through this gap into the channel.
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Openings or fluid ducts in the extension region connect
the arc region to the gas reservoir and allow gas, such
as extinguishing gas, to flow between them.

[0010] DE 202017 103 766 U1 describes that the aux-
iliary nozzle and the main nozzle are manufactured in-
dependently of each other. The openings or fluid ducts
on the auxiliary nozzle or the main nozzle are selected
such that the openings may be easily machined into the
extension section during manufacture. The main nozzle
and the auxiliary nozzle are then assembled.

[0011] The manufacture of a main nozzle and an aux-
iliary nozzle, and their assembly involve production tol-
erances and/or clearance between the auxiliary nozzle
and the main nozzle. The tolerance and/or clearance be-
tween the auxiliary nozzle and the main nozzle plays a
role in preventing an arc formed from propagating
through the gap into the channel. The tolerance and/or
clearance mustnotbe so large as to impair the prevention
of arc propagation into the channel between the auxiliary
nozzle and the main nozzle. The tolerance and/or clear-
ance between the auxiliary nozzle and the main nozzle
also plays a role in the correct assembly of the circuit
breaker. The clearance must not be so small as to cause
difficulties during assembly of the auxiliary nozzle and
the main nozzle.

[0012] Furthermore there is also a complication of me-
chanical coupling between the auxiliary nozzle and the
main nozzle. A threaded connection between the auxil-
iary nozzle and main nozzle would encapsulate air and
undermine dielectric recovery.

[0013] Additionally, the openings or fluid ducts on the
extension sections on the auxiliary nozzle or the main
nozzle connecting the arcing zone to the gas channel are
selected with considerations of the associated machining
and/or manufacturing process. Thus, the design and/or
other processing of the openings such as finishing and/or
material considerations may impose some requirements
or limitations. That is, manufacturing and/or machining
considerations may mean that the openings may not be
completely optimized with respect to the performance of
the nozzle or circuit breaker such as the gas flow between
the gas reservoir and the arcing zone.

[0014] EP 2827353 A1 describes an electrical switch-
ing device comprising a longitudinal axis, a contact ar-
rangement with a first contact and a second contact, an
insulating element enclosing at least partly the first con-
tact, and a first auxiliary insulating element enclosing at
least partly the second contact.

[0015] JP 2016219317 Adescribesagascircuitbreak-
er including a counter arc contact and a movable arc
contact between both tips of which an arc is generated,
as a counter contact part is separated from a movable
contact part.

[0016] Thus, there is a need to improve the design
and/or production method of the nozzles as well as a
need to improve the mechanical stability of the nozzles
while maintaining the prevention of leader propagation
into the gas channel between the auxiliary nozzle and
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the main nozzle.

Summary of the invention

[0017] The invention is defined by the features of the
independent claims.

[0018] According to an aspect, there is provided a cir-
cuit breaker comprising a nozzle, having atleasttwo con-
tact elements and a gas reservoir, wherein the nozzle is
manufactured by 3D printing as a single piece and con-
figured to surround the at least two contact elements of
the circuit breaker at least partially, the nozzle having an
arcing zone formed along a central axis of the nozzle;
and a gas channel formed within the nozzle and config-
ured to fluidly connect the gas reservoir to the arcing
zone, wherein at least one of the contact elements is
configured to be movable.

[0019] An advantage is that the issues of manufactur-
ing tolerances and mechanical coupling associated with
having two separate nozzles may be eliminated. A nozzle
made of a single piece obtained with 3D printing manu-
facturing may replace the combination of two nozzle parts
such as an auxiliary nozzle and a main nozzle or an aux-
iliary nozzle and an insulating nozzle. Another advantage
may be that flashovers in a channel or gas channel or
propagation of a leader into a channel or gas channel
may as effectively be avoided or prevented as, or be
avoided or prevented better than a combination of two
nozzle parts such as an auxiliary nozzle and a main noz-
zle, or an auxiliary nozzle and an insulating nozzle.
[0020] According to embodiments, the arcing zone is
configured to be between two or more contact elements
of the circuit breaker. Specifically, the arcing zone can
be configured to be between the two or more contact
elements of the circuit breaker when the nozzle is mount-
ed in the circuit breaker.

[0021] According to embodiments, the gas channel is
formed in a direction substantially parallel to the arcing
zone.

[0022] According to embodiments, the nozzle further
includes a plurality of fluid ducts formed within the nozzle
and configured to fluidly connect the gas channel to the
arcing zone.

[0023] An advantage may be that fluid ducts or open-
ings may be designed or selected with 3D printing tools
so as to optimise the flow of gas, such as extinguishing
gas, or optimise for other circuit breaker performance
considerations.

[0024] For example, an advantage is that the fluid
ducts or openings on the nozzle may be designed or se-
lected with 3D printing tools to optimise the performance
of the nozzle such as improved gas flow between the gas
channel and the arcing zone.

[0025] Additionally, 3D printing may provide improved
freedom in the design and/or manufacture of the gas
channel and/or fluid ducts.

[0026] According to embodiments, each fluid duct of
the plurality of fluid ducts adjoins the gas channel at one
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end and adjoins the arcing zone at the other end.
[0027] According to embodiments, each fluid duct of
the plurality of fluid ducts is formed in a direction sub-
stantially perpendicular to the central axis of the nozzle
or in a direction at an angle to a radial axis, and wherein
the radial axis is perpendicular to the central axis of the
nozzle.

[0028] According to embodiments, each fluid duct of a
plurality of fluid ducts is rotationally asymmetric about a
radial axis, and wherein the radial axis is perpendicular
to a central axis of the nozzle.

[0029] According to embodiments, the plurality of fluid
ducts are distributed in a circumferential direction of the
nozzle and/or the plurality of fluid ducts are arranged spa-
tially with n-fold rotational symmetry about a central axis
of the nozzle.

[0030] According to embodiments, the plurality of fluid
ducts span an entire gas channel length or a part of a
gas channel length.

[0031] The nozzle further includes a continuity of noz-
zle material configured to direct the propagation of alead-
er from a first contact element of the circuit breaker to a
second contact element of the circuit breaker along at
least a first surface of the nozzle, wherein the leader is
highly conductive plasma.

[0032] An advantage may be thatflashovers in a chan-
nel or gas channel or propagation of a leader into a chan-
nel or gas channel may be avoided or prevented.
[0033] According to embodiments, the first surface
continuously abuts the arcing zone and/or the first sur-
face is a surface of a throat of the nozzle.

[0034] According to embodiments, the first surface
spans the nozzle.

[0035] According to embodiments, the nozzle is of a
material composition, for example, including PTFE (pol-
ytetrafluoroethylene), FEP (fluorinated ethylene propyl-
ene), PFA (perfluoroalkoxy alkane), TFM (modified PT-
FE), MOS2 (molybdenum disulfide), BN (boron nitride),
combinations thereof, or any fillings of one of these ma-
terials with another one.

[0036] According to another aspect, there is provided
a circuit breaker having a nozzle.

[0037] Another aspectis directed to a method of man-
ufacturing a circuit breaker having a nozzle, the circuit
breaker having at least two contact elements, a gas res-
ervoir, and a continuity of nozzle material configured to
direct the propagation of a leader from the first contact
element to the second contact element along at least a
first surface of the nozzle, wherein the leader is highly
conductive plasma, the nozzle is manufactured by 3D
printing as a single piece and configured to surround the
at least two contact elements of the circuit breaker at
least partially, the nozzle having an arcing zone formed
along a central axis of the nozzle; and a gas channel
formed within the nozzle and configured to fluidly connect
the gas reservoir to the arcing zone, wherein at least one
of the contact elements is configured to be movable.
[0038] Further advantages, features, aspects and de-
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tails that can be combined with embodiments described
herein are evident from the dependent claims, the de-
scription and the drawings.

Brief description of the figures:

[0039] Thedetails willbe described in the following with
reference to the figures, wherein:

Fig. 1 is a cross-sectional representation of a part of
a circuit-breaker, and

Figs. 2A and 2B are cross-sectional representations
of a nozzle for a circuit breaker at different sections

according to embodiments described herein.

Detailed description of the figures and embodiments:

[0040] Reference will now be made in detail to the var-
ious embodiments, one or more examples of which are
illustrated in each figure. Each example is provided by
way of explanation and is not meant as a limitation. For
example, features illustrated or described as part of one
embodiment can be used on or in conjunction with any
other embodiment to yield yet a further embodiment. It
is intended that the present disclosure includes such
modifications and variations.

[0041] Withinthe following description of the drawings,
the same reference numbers refer to the same or to sim-
ilar components. Generally, only the differences with re-
spect to the individual embodiments are described. Un-
less specified otherwise, the description of a part or as-
pect in one embodiment applies to a corresponding part
or aspect in another embodiment as well.

[0042] The reference numbers used in the figures are
merely for illustration. The aspects described herein are
not limited to any particular embodiment. Instead, any
aspect described herein can be combined with any other
aspect(s) or embodiment(s) described herein unless
specified otherwise.

[0043] According to aspects or embodiments de-
scribed herein, the problem of flashover traces in a chan-
nel or gas channel 320 in the nozzle 100 may be avoided.
The problem of flashover traces may occur in case of an
unsuccessful breaking operation. The breaking opera-
tion may be with a failure of dielectric type.

[0044] Figures 2A and 2B show cross-sectional views
of a nozzle 100 for a circuit breaker 1000 according to
embodiments described herein. Figures 2A and 2B are
cross-sectional views at two different angles about the
central axis CA of the nozzle 100, parallel to the central
axis CA of the nozzle 100.

[0045] As shown in Figs. 2A and 2B, the nozzle 100 is
configured for a circuit breaker 1000 having at least two
contact elements 210, 220. At least one of the contact
elements 210, 220 is configured to be movable.

[0046] The nozzle 100 is manufactured as a single
piece. The nozzle 100 is manufactured by 3D printing.
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The nozzle 100 is configured to surround the at least two
contact elements 210, 220 of the circuit breaker 1000 at
least partially. An arcing zone is formed along a central
axis CA of the nozzle 100. A gas channel 320 is formed
within the nozzle 100. The gas channel 320 is configured
to fluidly connect the gas reservoir 310 to the arcing zone
330.

[0047] The nozzle 100 is made of a single piece by 3D
printing manufacturing. A single piece nozzle may re-
place two or more nozzle parts such as an auxiliary noz-
zle and a main nozzle. As shown in Fig. 2A, a single piece
nozzle 100, a continuity of nozzle material directs the
propagation of a leader 400 from a first contact element
220 to a second contact element 210. The leader 400 is
highly conductive plasma. The continuity of material may
be of an insulating material.

[0048] The leader 400 travels along a first surface 130
of the continuity of nozzle material. The first surface 130
may be continuously abutting the arcing zone 330. The
first surface 130 may be a surface of a throat of the nozzle
100. The first surface 130 may span the nozzle 100.
[0049] The throat of the nozzle 100 may be section or
portion of the nozzle 100 with the smallest cross-section
or diameter. The throat of the nozzle 100 may have a
constant cross-section or changing cross-section. The
throat of the nozzle 100 may be a section or portion of
the nozzle 100 surround the arcing zone 330. The throat
of the nozzle 100 may be an inner surface of the nozzle
100. The throat of the nozzle 100 may be a section or
portion of the nozzle 100 adjoining the arcing zone 330.
[0050] The leader 400 may travel until it discharges on
a contactelement210. For example, the contact element
210 may be a tulip contact or pin contact configured for
circuit breakers 1000. The leader 400 may travel from
the first contact element 220 to the second contact ele-
ment 210, vice versa, or between any two contact ele-
ments. Further, the contactelement 220 may be the other
one of the tulip contact or pin contact.

[0051] A nozzle 100 formed or manufactured as a sin-
gle piece may have improved mechanical stability. A sin-
gle piece nozzle 100 obtained with 3D printing may have
improved mechanical stability. Fig. 2B shows a cross-
sectional view of a nozzle 100, where a plurality of fluid
ducts 140 or openings 140 are formed. The plurality of
fluid ducts 140 may be formed within the nozzle 100. The
plurality of fluid ducts 140 may be configured to ensure
gas flow is not hindered. Gas may flow between the gas
reservoir 310 and the arcing zone 330 through at least
one or more fluid duct 140 or opening 140. Alternatively
or in addition, gas may flow between and/or the plurality
of fluid ducts 140 may fluidly connect the gas channel
320 and the arcing zone 330. The gas reservoir 310 may
be a reservoir or chamber containing gas for extinguish-
ing or quenching an arc. The gas in the gas reservoir 310
may be at a pressure higher than the gas elsewhere in
the circuit breaker 1000.

[0052] The plurality of fluid ducts 140 or openings 140
may be delimited by parts of the same insulating material
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that the nozzle 100 is made of. The continuity of material
may be provided to make it easier for the leader 400 of
plasma to discharge on a contact element 210 instead
of travelling upstream in a channel or gas channel 320.
[0053] Possible complications arising from the me-
chanical coupling between two distinct or separate noz-
zles with extension sections or insulating bridges be-
tween said two distinct or separate nozzles, such as in
DE 20 2017 103 766 U1, may be avoided by the nozzle
100 of the present disclosure.

[0054] According to embodiments described herein,
the nozzle 100 is configured for a circuit breaker 1000
that has two opposing contact elements 210, 220 mov-
able relative to one another along a central axis CA of
the circuit breaker 1000. One or more contact element
210, 220 may be configured to be movable. Contact el-
ements may be a metal contact tulip 210 or a metal con-
tact pin 220.

[0055] According to embodiments described herein,
an arcing zone 330 is provided. An arcing zone 330 may
be formed between the two or more contact elements
210, 220. The arcing zone 330 may be formed along a
central axis CA of the nozzle 100. The arcing zone 330
may be a zone where an arc is formed when the circuit
breaker 1000 is opened or when two contact elements
210; 220 are separated from each other.

[0056] The nozzle 100 may be cylindrical or have any
other suitable shape. The nozzle 100 may be formed of
an insulating material. The nozzle 100 may be formed of
amaterial composition suitable for use in circuit breakers.
In particular, the material composition may be a result of
the 3D printing. The material composition of the nozzle
100 may include, without being limited thereto, PTFE
(polytetrafluoroethylene), FEP (fluorinated ethylene pro-
pylene), PFA (perfluoroalkoxy alkane), TFM (modified
PTFE), MOS2 (molybdenum disulfide), BN (boron ni-
tride), or any combination of at least two of these mate-
rials. For example, in one combination, one of these ma-
terials can be used as a matrix and another one can be
used as a filler.

[0057] Atleast a part of the inner surface of the nozzle
100 may face, adjoin, delimit and/or abut the arcing zone
330.

[0058] According to aspects described herein, a chan-
nel or gas channel 320 may be provided. The channel
320 may be configured for gas flow. That is, the channel
may be a gas channel 320. The gas channel 320 may
be formed in a direction substantially parallel to the arcing
zone 330. Alternatively or in addition, the gas channel
320 may be formed in a direction atan angle to a direction
that is parallel to the arcing zone 330.

[0059] Additionally or alternatively, the gas channel
320 may be formed as a delimited channel, that is not
spanning the entire circumference of the nozzle 100 or
the gas channel 320 may be formed spanning substan-
tially the entire circumference of the nozzle 100. A plu-
rality of gas channels 320 may be provided instead of or
in addition to an annular gas channel 320.
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[0060] The gas channel 320 may extend parallel or
substantially parallel to the central axis CA of the nozzle
100. The gas channel 320 may be configured to fluidly
connect the gas reservoir 310 to the arcing zone 330.
The gas channel 320 may be configured to fluidly connect
the gas reservoir 310 to the plurality of fluid ducts 140.
For example, the plurality of gas channels 320 may re-
semble a plurality of fluid ducts 140, e.g. in that the plu-
rality of channels 320 connect to the plurality of fluid ducts
140.

[0061] In particular, the plurality of fluid ducts 140 may
be formed in the nozzle 100. According to embodiments
described herein, the fluid ducts 140 can be openings in
the nozzle material. The plurality of fluid ducts 140 may
be configured to fluidly connect the gas reservoir 310 to
the arcing zone 330. Additionally or alternatively, the plu-
rality of fluid ducts 140 may be configured to fluidly con-
nect the gas channel 320 to the arcing zone 330. Addi-
tionally or alternatively, the plurality of fluid ducts 140
may be configured to adjoin the gas channel 320 at one
end and adjoin the arcing zone 330 at the other end.
[0062] The plurality of fluid ducts 140 may be config-
ured to allow the flow of gas such as extinguishing gas
or insulating gas, in particular between the arcing zone
330 and the gas channel 320 and/or gas reservoir 310.
The plurality of fluid ducts 140 may be configured to op-
timise the flow of gas, such as extinguishing gas or insu-
lating gas between the arcing zone 330, and the gas
channel 320 or gas reservoir 310. Alternatively, instead
of an extinguishing gas, it may be a vacuum, or partial
vacuum state.

[0063] The plurality of fluid ducts 140 may adjoin the
arcing zone 330 and/or the gas channel 320. The plurality
of fluid ducts 140 may extend at right angles or substan-
tially at right angles to the central axis CA of the nozzle
100. Alternatively or in addition, the plurality of fluid ducts
140, or the axis of the plurality of fluid ducts 140 may be
at an angle to a radial axis of the nozzle 100. The radial
axis may be perpendicular to the central axis CA of the
nozzle 100. That is, at least one fluid duct 140 may be
tilted with respect to the radial axis. The radial axis of the
nozzle 100 is perpendicular to the central axis CA of the
nozzle 100.

[0064] The plurality of fluid ducts 140 may be rotation-
ally asymmetric about the radial axis. For example, the
plurality of fluid ducts 140 may have an oval or a rectan-
gular or arounded rectangular cross-section or any other
suitable cross-section. Alternatively, the plurality of fluid
ducts 140 may be rotationally symmetric about a radial
axis. For example, the plurality of fluid ducts 140 may
have a circular cross-section, without being limited there-
to. In particular, the plurality of fluid ducts 140 can have
any cross-section. Further, the fluid ducts 140 may have
different geometries or shapes or cross-sections from
each other. In addition or alternatively, the fluid ducts
may have changing cross-section along their length or
axis.

[0065] The plurality of fluid ducts 140 may be spatially

10

15

20

25

30

35

40

45

50

55

arranged or distributed in a circumferential direction or
rotational direction about the central axis CA of the nozzle
100. Additionally or alternatively, the plurality of fluid
ducts 140 may be spatially arranged or distributed in the
axial direction or in a direction parallel to the central axis
CA of the nozzle 100. Alternatively or in addition, the
plurality of fluid ducts 140 may be arranged spatially or
distributed with n-fold rotational symmetry about the cen-
tral axis CA of the nozzle 100. Alternatively or in addition,
the plurality of fluid ducts 140 may span the entire gas
channel 320 length or a part of the gas channel 320
length.

[0066] A continuity of nozzle material in the nozzle 100
may be configured to guide, direct or conduct the prop-
agation of a leader 400, which may be highly conductive
plasma. The continuity of nozzle material may be config-
ured to direct a leader 400 from the first contact element
220 of the circuit breaker 1000 to the second contact
element 210 of the circuit breaker 1000.

[0067] In particular, the continuity of nozzle material
may guide a leader 400 along a first surface 130 of the
nozzle 100. The first surface 130 of the nozzle 100 may
continuously adjoin or abut the arcing zone 330. Alter-
natively or in addition, the first surface 130 may be a
surface of a throat of the nozzle 100. Alternatively or in
addition, the first surface 130 may span the nozzle. Al-
ternatively or in addition, the first surface 130 may span
from a first axial position to a second axial position. The
first axial position may correspond to the axial position
of the first contact element 220 and/or the second axial
position may correspond to the axial position of the sec-
ond contact element 210. The axial position may be a
position in the direction parallel to the central axis CA of
the nozzle 100.

[0068] The continuity of material or the first surface 130
may prevent, hinder or discourage a leader 400 or an arc
from travelling, propagating or spreading into the gas
channel 320 and/or the plurality of fluid ducts 140. In par-
ticular, the first surface 130 may provide or be formed by
a continuity of material or insulating material or insulating
surface to guide, direct or conduct a leader 400 to prop-
agate from one contact element 220 to another contact
element 210.

[0069] According to the invention a method of manu-
facturing a circuit breaker 1000 having a nozzle 100 is
provided. The method includes 3D printing a nozzle 100
for a circuit breaker 1000. The circuit breaker 1000 has
atleast two contact elements 210, 220. The circuit break-
er 1000 has a gas reservoir 310. The nozzle 100 is man-
ufactured or formed as a single piece.

[0070] The nozzle 100 is configured to surround the at
least two contact elements 210, 220 of the circuit breaker
1000 at least partially. The nozzle 100 comprises an arc-
ing zone 330 formed along a central axis CA of the nozzle
100. The nozzle 100 comprises a gas channel 320
formed within the nozzle 100. The nozzle 100 comprises
a gas channel configured to fluidly connect the gas res-
ervoir 310 to the arcing zone 330. At least one of the
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contact elements 210, 220 is configured to be movable.
[0071] According to embodiments described herein,
the nozzle 100 can be configured for a circuit breaker
1000 having a rated voltage of > 36 kV.

Claims

1. Circuit breaker (1000) comprising a nozzle (100), at
least two contact elements (210; 220), a gas reser-
voir (310) and a continuity of nozzle material config-
ured to direct the propagation of a leader (400) from
the first contact element (210) to the second contact
element (220) along at least a first surface (130) of
the nozzle (100), wherein

the leader (400) is highly conductive plasma,
the nozzle is manufactured by 3D printing as a
single piece and configured to surround the at
least two contact elements (210; 220) of the cir-
cuit breaker (1000) at least partially,

at least one of the contact elements (210; 220)
is configured to be movable and

the nozzle (100) comprising an arcing zone
(330) formed along a central axis (CA) of the
nozzle (100) and a gas channel (320) formed
within the nozzle (100) and configured to fluidly
connect the gas reservoir (310) to the arcing
zone (330).

2. Circuitbreaker (1000) of the preceding claim, where-
in the arcing zone (330) is configured to be between
the two or more contact elements (210; 220) of the
circuit breaker (1000).

3. Circuitbreaker (1000) of any of the preceding claims,
wherein the gas channel (320)is formed in adirection
substantially parallel to the arcing zone (330).

4. Circuitbreaker (1000) of any of the preceding claims,
further comprising a plurality of fluid ducts (140)
formed within the nozzle (100) and configured to flu-
idly connect the gas channel (320) to the arcing zone
(330).

5. Circuitbreaker(1000) of the preceding claim, where-
in each fluid duct of the plurality of fluid ducts (140)
adjoins the gas channel (320) at one end and adjoins
the arcing zone (330) at the other end.

6. Circuit breaker (1000) of any of the two preceding
claims, wherein each fluid duct of the plurality of fluid
ducts (140) is formed in a direction substantially per-
pendicular to the central axis (CA) of the nozzle (100)
orin a direction at an angle to a radial axis (RA), and
wherein the radial axis (RA) is perpendicular to the
central axis (CA) of the nozzle (100).
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13.

Circuit breaker (1000) of any of the three preceding
claims wherein each fluid duct of the plurality of fluid
ducts (140) is rotationally asymmetric about a radial
axis (RA), and wherein the radial axis (RA) is per-
pendicular to the central axis (CA) of the nozzle
(100).

Circuit breaker (1000) of any of the four preceding
claims, wherein the plurality of fluid ducts (140) are
distributed in a circumferential direction (CD) of the
nozzle (100) and/or the plurality of fluid ducts (140)
are arranged spatially with n-fold rotational symme-
try about the central axis (CA) of the nozzle (100).

Circuit breaker (1000) of any of the preceding five
claims, wherein the plurality of fluid ducts (140) span
the entire gas channel (320) length or a part of the
gas channel (320) length.

Circuit breaker (1000) of the preceding claim, where-
in the first surface (130) continuously abuts the arc-
ing zone (330) and/or the first surface (130) is a sur-
face of a throat of the nozzle (100).

Circuit breaker (1000) of any of the two preceding
claims, wherein the first surface (130) spans the noz-
zle (100).

Circuitbreaker (1000) of any of the preceding claims,
wherein the nozzle (100) is of a material composition
including for example PTFE, (polytetrafluoroethyl-
ene), FEP (fluorinated ethylene propylene), PFA
(perfluoroalkoxy alkane), TFM (modified PTFE),
MOS2 (molybdenum disulfide), BN (boron nitride),
combinations thereof, or any fillings of one of these
materials with another one.

Method of manufacturing a circuit breaker (1000),
the circuit breaker (1000) having a nozzle (100), at
least two contact elements (210; 220), a gas reser-
voir (310) and a continuity of nozzle material config-
ured to direct the propagation of a leader (400) from
the first contact element (210) to the second contact
element (220) along at least a first surface (130) of
the nozzle (100), wherein

the leader (400) is highly conductive plasma,
the nozzle is manufactured by 3D printing as a
single piece and configured to surround the at
least two contact elements (210; 220) of the cir-
cuit breaker (1000) at least partially,

at least one of the contact elements (210; 220)
is configured to be movable and

the nozzle (100) comprising an arcing zone
(330) formed along a central axis (CA) of the
nozzle (100) and a gas channel (320) formed
within the nozzle (100) and configured to fluidly
connect the gas reservoir (310) to the arcing
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zone (330).

Patentanspriiche

1.

Leistungsschalter (1000), umfassend eine Dise
(100), mindestens zwei Kontaktelemente (210; 220),
ein Gasreservoir (310) und ein durchgehendes Du-
senmaterial, ausgelegt zum Fihren der Ausbreitung
eines Leiters (400) vom ersten Kontaktelement (210)
zum zweiten Kontaktelement (220) entlang zumin-
dest einer ersten Oberflache (130) der Dise (100),
wobei

der Leiter (400) hochgradig leitfahiges Plasma
ist,

die Diise durch 3D-Drucken als ein einzelnes
Stlick gefertigt ist und dazu ausgelegt ist, die
mindestens zwei Kontaktelemente (210; 220)
des Leistungsschalters (1000) zumindest teil-
weise zu umgeben,

zumindest eines der Kontaktelemente (210;
220) dazu ausgelegt ist, bewegbar zu sein, und
die Diise (100) Folgendes umfasst: einen Licht-
bogenbereich (330), der entlang einer mittleren
Achse (CA) der Diise (100) gebildet ist, und ei-
nen Gaskanal (320), der innerhalb der Dise
(100) gebildet ist und dazu ausgelegt ist, das
Gasreservoir (310) mit dem Lichtbogenbereich
(330) fluidisch zu verbinden.

Leistungsschalter (1000) nach dem vorhergehen-
den Anspruch, wobei der Lichtbogenbereich (330)
dazu ausgelegt ist, zwischen den zwei oder mehr
Kontaktelementen (210; 220) des Leistungsschal-
ters (1000) zu sein.

Leistungsschalter (1000) nach einem der vorherge-
henden Anspriiche, wobei der Gaskanal (320) in ei-
ner Richtung im Wesentlichen parallel zum Lichtbo-
genbereich (330) gebildet ist.

Leistungsschalter (1000) nach einem der vorherge-
henden Anspriiche, ferner umfassend mehrere Flu-
idkanale (140), die innerhalb der Duise (100) gebildet
sind und dazu ausgelegt sind, den Gaskanal (320)
mitdem Lichtbogenbereich (330) fluidisch zu verbin-
den.

Leistungsschalter (1000) nach dem vorhergehen-
den Anspruch, wobei jeder Fluidkanal der mehreren
Fluidkanale (140) an einem Ende an den Gaskanal
(320) angrenzt und an dem anderen Ende an den
Lichtbogenbereich (330) angrenzt.

Leistungsschalter (1000) nach einem der zwei vor-
hergehenden Anspriiche, wobeijeder Fluidkanal der
mehreren Fluidkanale (140) in einer Richtungim We-
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12.

13.

sentlichen senkrecht zur mittleren Achse (CA) der
Duse (100) oder in einer Richtung in einem Winkel
zu einer radialen Achse (RA) gebildet ist, und wobei
dieradiale Achse (RA) senkrecht zur mittleren Achse
(CA) der Duse (100) ist.

Leistungsschalter (1000) nach einem der drei vor-
hergehenden Anspriiche, wobeijeder Fluidkanal der
mehreren Fluidkanale (140) rotationssymmetrisch
um eine radiale Achse (RA) ist und wobei die radiale
Achse (RA) senkrecht zur mittleren Achse (CA) der
Duse (100) ist.

Leistungsschalter (1000) nach einem der vier vor-
hergehenden Anspriiche, wobei die mehreren Flu-
idkanale (140) in einer umlaufenden Richtung (CD)
der Duse (100) verteilt sind und/oder die mehreren
Fluidkanale (140) raumlich mit n-zahliger Rotations-
symmetrie um die mittlere Achse (CA) der Dise
(100) angeordnet sind.

Leistungsschalter (1000) nach einem der vorherge-
henden fiinf Anspriiche, wobei die mehreren Fluid-
kanale (140) die gesamte Lange des Gaskanals
(320) oder einen Teil der Lange des Gaskanals (320)
Uberspannen.

Leistungsschalter (1000) nach dem vorhergehen-
den Anspruch, wobei die erste Oberflache (130)
durchgehend am Lichtbogenbereich (330) anliegt
und/oder die erste Oberflache (130) eine Oberflache
eines Halses der Duse (100) ist.

Leistungsschalter (1000) nach einem der zwei vor-
hergehenden Anspriiche, wobei die erste Oberfla-
che (130) die Dise (100) Uberspannt.

Leistungsschalter (1000) nach einem der vorherge-
henden Anspriiche, wobei die Diise (100) aus einer
Materialzusammensetzung besteht, die beispiels-
weise PTFE (Polytetrafluorethylen), FEP (fluorinier-
tes Ethylenpropylen), PFA (Perfluoralkoxy-Alkan),
TFM (modifiziertes PTFE), MOS2 (Molybdandisul-
fid), BN (Bornitrid), Kombinationen daraus oder be-
liebige Fullungen eines dieser Materialien mit einem
anderen umfasst.

Verfahren zum Herstellen eines Leistungsschalters
(1000), wobei der Leistungsschalter (1000) Folgen-
des aufweist: eine Dise (100), mindestens zwei
Kontaktelemente (210; 220), ein Gasreservoir (310)
und ein durchgehendes Disenmaterial, ausgelegt
zum Fihren der Ausbreitung eines Leiters (400) vom
ersten Kontaktelement (210) zum zweiten Kontakt-
element (220) entlang zumindest einer ersten Ober-
flache (130) der Duse (100), wobei

der Leiter (400) hochgradig leitfahiges Plasma
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ist,

die Diise durch 3D-Drucken als ein einzelnes
Stlick gefertigt ist und dazu ausgelegt ist, die
mindestens zwei Kontaktelemente (210; 220)
des Leistungsschalters (1000) zumindest teil-
weise zu umgeben,

zumindest eines der Kontaktelemente (210;
220) dazu ausgelegt ist, bewegbar zu sein, und
die Diise (100) Folgendes umfasst: einen Licht-
bogenbereich (330), der entlang einer mittleren
Achse (CA) der Diise (100) gebildet ist, und ei-
nen Gaskanal (320), der innerhalb der Dise
(100) gebildet ist und dazu ausgelegt ist, das
Gasreservoir (310) mit dem Lichtbogenbereich
(330) fluidisch zu verbinden.

Revendications

Disjoncteur (1000) comprenant une buse (100), au
moins deux éléments de contact (210, 220), un ré-
servoir de gaz (310) et une continuité de matériau
de buse configurée pour diriger la propagation d’'une
matiére conductrice (400) depuis le premier élément
de contact (210)jusqu’au second élémentde contact
(220) le long d’au moins une premiere surface (130)
de la buse (100), dans lequel

la matiére conductrice (400) est un plasma hau-
tement conducteur,

la buse est fabriquée par impression 3D sous
forme monopiéce et configurée pour entourer
les au moins deux éléments de contact (210 ;
220) du disjoncteur (1000) au moins partielle-
ment,

aumoins un des éléments de contact (210, 220)
est configuré pour étre mobile, et

la buse (100) comprend une zone de production
d’arc (330) formée le long d’un axe central (CA)
de la buse (100) et un canal de gaz (320) formé
a l'intérieur de la buse (100) et configuré pour
raccorder fluidiquement le réservoir de gaz
(310) a la zone de production d’arc (330).

Disjoncteur (1000) de la revendication précédente,
dans lequel la zone de production d’arc (330) est
configurée pour étre entre les deux, ou plus, élé-
ments de contact (210 ; 220) du disjoncteur (1000).

Disjoncteur (1000) de quelconques des revendica-
tions précédentes, dans lequel le canal de gaz (320)
est formé dans une direction sensiblement parallele
a la zone de production d’arc (330).

Disjoncteur (1000) de quelconques des revendica-
tions précédentes, comprenant en outre une plura-
lité de conduits de fluide (140) formés a l'intérieur de
la buse (100) et configurées pour raccorder fluidi-
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1.

12.

quement le canal de gaz (320) a la zone de produc-
tion d’arc (330).

Disjoncteur (1000) de la revendication précédente,
dans lequel chaque conduit de fluide de la pluralité
de conduits de fluide (140) est contigu au canal de
gaz (320) a une extrémité et est contigu a la zone
de production d’arc (330) a I'autre extrémité.

Disjoncteur (1000) de quelconques des deux reven-
dications précédentes, dans lequel chaque conduit
de fluide de la pluralité de conduits de fluide (140)
est formé dans une direction sensiblement perpen-
diculaire a I'axe central (CA) de la buse (100) ou
dans une direction a un angle par rapport a un axe
radial (RA), et dans lequel I'axe radial (RA) est per-
pendiculaire a I'axe central (CA) de la buse (100).

Disjoncteur (1000) de quelconques des trois reven-
dications précédentes, dans lequel chaque conduit
de fluide de la pluralité de conduits de fluide (140)
est symétrique en rotation autour d’un axe radial
(RA), et dans lequel I'axe radial (RA) est perpendi-
culaire a I'axe central (CA) de la buse (100).

Disjoncteur (1000) de quelconques des quatre re-
vendications précédentes, dans lequel la pluralité de
conduits de fluide (140) sont distribués dans une di-
rection circonférentielle (CD) de la buse (100) et/ou
la pluralité de conduits de fluide (140) sont agencés
spatialement avec une symétrie en rotation n-fois
autour de I'axe central (CA) de la buse (100).

Disjoncteur (1000) de quelconques des cinqg reven-
dications précédentes, dans lequel la pluralité de
conduits de fluide (140) couvrent la longueur entiere
du canal de gaz (320) ou une partie de la longueur
du canal de gaz (320).

Disjoncteur (1000) de la revendication précédente,
dans lequel la premiére surface (130) est attenante
ala zone de production d’arc (330) et/ou la premiére
surface (130) est une surface d’'un col de la buse
(100).

Disjoncteur (1000) de quelconques des deux reven-
dications précédentes, dans lequel la premiéere sur-
face (130) couvre la buse (100).

Disjoncteur (1000) de quelconques des revendica-
tions précédentes, dans lequel la buse (100) est
d’une composition de matériau incluant par exemple
PTFE (polytétrafluoroéthylene), FEP (éthylene-pro-
pylene fluoré), PFA (perfluoroalkoxy alkane), TFM
(PTFE modifié), MOS2 (disulfure de molybdéne), BN
(nitrure de bore), combinaisons de ceux-ci, ou de
quelconques remplissages d’un de ces matériaux
avec un autre.
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13. Procédé de fabrication d’un disjoncteur (1000), le
disjoncteur (1000) ayant une buse (100), au moins
deux éléments de contact (210, 220), un réservoir
de gaz (310) et une continuité de matériau de buse
configurée pour diriger la propagation d’'une matiere 5
conductrice (400) depuis le premier élément de con-
tact (210) jusqu’au second élément de contact (220)
le long d’au moins une premiére surface (130) de la
buse (100), dans lequel

10
la matiére conductrice (400) est un plasma hau-
tement conducteur,
la buse est fabriquée par impression 3D sous
forme monopiéce et configurée pour entourer
les au moins deux éléments de contact (210; 15
220) du disjoncteur (1000) au moins partielle-
ment,
aumoins un des éléments de contact (210, 220)
est configuré pour étre mobile et la buse (100)
comprend une zone de production d’arc (330) 20
formée le long d’un axe central (CA) de la buse
(100) et un canal de gaz (320) formé a l'intérieur
delabuse (100) et configuré pour raccorder flui-
diquement le réservoir de gaz (310) a la zone
de production d’arc (330). 25
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