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(57) A gas-insulated high-voltage circuit breaker
(200) is provided for interrupting a current between a first
breaker contact (132) and a second breaker contact
(134) in an arc interruption current path other than the
rated current path. For that purpose an elongated contact
rod (20) is provided that comprises at least one lateral
protrusion (30) extending in a radial direction away from
a switching axis (25) and being arranged in between a

first contact portion (55) and a cylindrical portion (22) of
the contact rod (20) such that the first contact portion (55)
is rigidly and electrically and mechanically rigidly con-
nected to the cylindrical portion (22) via the at least one
lateral protrusion (30). The first contact portion (55) en-
gages with a mating contact portion (90) of the first break-
er contact (132) such that the elongated contact rod (20)
is continuously electrically contacted to the first breaker
contact (132).
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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter described herein relates
generally to a gas-insulated high-voltage circuit breaker,
and more particularly, to a particular arrangement of a
contact rod for transferring an interruption current to one
of the breaker contacts of the circuit breaker.

[0002] The increase in size of electrical power trans-
mission networks experienced over the last decades
have resulted in an increase of the maximum interruption
current (also referred to as short-circuit current) that a
circuit breaker can safely interrupt. In particular, high-
voltage circuit breakers (i.e. suitable for high-voltage ap-
plications) based on gas insulation are known for their
capacity to safely interrupt high currents between the two
breaker contacts of the circuit breaker. In gas-insulated
circuit breakers, a gas, such as sulfur hexafluoride, is
used for extinguishing the arc generated when a current
is interrupted.

[0003] At least some known gas-insulated high-volt-
age circuit breakers include an elongated contact rod
which is movable with respect to its encapsulating casing
and along a switching axis. The contact rod is movable
for separating two arcing contacts, so that the interruption
current is carried by an arc formed between the arcing
contacts. The formed arc is quenched by a gas blast of
sufficient intensity. During the current interruption oper-
ation, the interruption current is further carried by the
moving contactrod and transferred through a mating con-
tact portion, which generally is constituted as a stationary
contact, to the breaker contact proximal to the contact
rod.

[0004] In atleast some known gas-insulated high-volt-
age circuit breakers, the contact rod includes a cylindrical
portion. Generally, the mating contact portion is formed
as a tulip-shaped contact having a ring of contact fingers,
which fingers surround the cylindrical portion for estab-
lishing an electrical contact therewith. Generally, during
a current interruption operation, the tulip-shaped contact
slides on the cylindrical portion. Thereby, the mating con-
tact portion and the cylindrical portion are continuously
electrically contacted upon translation of the contact rod,
so that the interruption current flows through the circuit
breaker during the current interruption operation.
[0005] However, the maximum interruption current
which can be carried by the circuit breaker is limited. If
this maximum interruption currentis exceeded, the safety
of the circuit breaker cannot be assured. In particular,
one weak link may be the transfer of the interruption cur-
rent from the contact rod to the contact fingers.

[0006] Accordingly, it is desirable to provide a gas-in-
sulated high-voltage circuit breaker which facilitates an
effective transfer of the interruption current from the con-
tactrod to the corresponding breaker contact of the circuit
breaker during a current interruption operation.
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BRIEF DESCRIPTION OF THE INVENTION

[0007] The embodiments described herein include a
gas-insulated high-voltage circuit breaker with a contact
rod including a substantially cylindrical portion, which
contact rod further includes a first contact portion rigidly
and electrically connected to the cylindrical portion via at
least one lateral protrusion of the contact rod. The first
contact portion and a mating contact portion (typically
constituted as a stationary contact) of a first breaker con-
tact of the circuit breaker form part of a pole contact ar-
rangement. Thereby, an interruption current may flow
through an interruption current path leading from the cy-
lindrical portion of the contact rod, through the at least
one lateral protrusion and via the pole contact arrange-
ment, to the first breaker contact. That s, the interruption
current may be transferred from the contact rod to the
first breaker contact in a manner such that the contact
area for transferring the interruption current between the
first contact portion and the mating contact is not limited
by the geometry and dimensions of the cylindrical portion
of the contact rod. It should be noted that, generally, the
dimensions of the cylindrical portion is determined by oth-
er dimensions of the circuit breaker, which imposes a
limit on the available contact area for transferring the in-
terruption current in the known circuit breakers referred
to above.

[0008] In one aspect, a gas-insulated high-voltage cir-
cuit breaker for interrupting a current between a first
breaker contact and a second breaker contact is provid-
ed. The circuit breaker has a disconnectable arc inter-
ruption current path between the first breaker contact and
the second breaker contact. A portion of the disconnect-
able arc interruption current path leads from a second
arcing contact through a first arcing contact of an elon-
gated contact rod and via a pole contact arrangement to
the first breaker contact. The contact rod includes a sub-
stantially cylindrical portion extending in a direction of a
switching axis. The pole contact arrangement is formed
by a first contact portion of the contact rod and a mating
contact portion of the first breaker contact and the pole
contact arrangement is configured such that the first con-
tact portion is continuously electrically contacted to the
mating contact portion. The contact rod includes at least
one lateral protrusion extending in a radial direction away
from the switching axis and is arranged in between the
first contact portion and the cylindrical portion such that
the first contact portion is rigidly and electrically connect-
ed to the cylindrical portion via the at least one lateral
protrusion and such that a portion of the interruption cur-
rent path leads from the cylindrical portion through the
at least one lateral protrusion via the pole contact ar-
rangement to the first breaker contact.

[0009] Further aspects, advantages and features of
the present invention are apparent from the dependent
claims, the description and the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Afulland enablingdisclosure, including the best
mode thereof, to one of ordinary skill in the art, is set forth
more particularly in the remainder of the specification,
including reference to the accompanying figures where-
in:

[0011] Fig. 1 is a schematic cross-sectional view of a
portion of an exemplary gas-insulated high-voltage cir-
cuit breaker;

[0012] Fig. 2 is a schematic cross-sectional view of a
portion of another exemplary gas-insulated high-voltage
circuit breaker;

[0013] Fig. 3is aschematic cross-sectional view of the
portion of the exemplary gas-insulated high-voltage cir-
cuit breaker of Fig. 2 along line A-A;

[0014] Fig. 4 is a schematic cross-sectional view of a
portion of yet another exemplary gas-insulated high-volt-
age circuit breaker;

[0015] Fig.5is aschematic cross-sectional view of the
portion of the exemplary gas-insulated high-voltage cir-
cuit breaker of Fig. 4 along line B-B;

[0016] Fig. 6 is a schematic cross-sectional view of a
portion of a further exemplary gas-insulated high-voltage
circuit breaker;

[0017] Fig. 7 is a schematic cross-sectional view of a
portion of a still further exemplary gas-insulated high-
voltage circuit breaker in a closed position;

[0018] Fig. 8 is a schematic perspective view of the
portion of the exemplary gas-insulated high-voltage cir-
cuit breaker of Fig. 7 from line C-C;

[0019] Fig.9is aschematic cross-sectional view of the
portion of the exemplary gas-insulated high-voltage cir-
cuit breaker of Fig. 7 in a open position;

[0020] Fig. 10 is a schematic perspective view of the
portion of the exemplary gas-insulated high-voltage cir-
cuit breaker of Fig. 9 from line C-C;

[0021] Fig. 11 is a schematic cross-sectional view of
a contactrod of an exemplary gas-insulated high-voltage
circuit breaker; and

[0022] Fig. 12 is a schematic cross-sectional view of
the contact rod of Fig. 12 along line D-D.

DETAILED DESCRIPTION OF THE INVENTION

[0023] 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 other
embodiments to yield yet further embodiments. It is in-
tended that the present disclosure includes such modifi-
cations and variations.

[0024] The embodiments described herein include a
gas-insulated high-voltage circuit breaker for interrupting
a current between a first breaker contact and a second
breaker contact. The breaker contacts are typically
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adapted for electrically interconnecting the circuit break-
er to the electrical circuit to be protected. According to
embodiments herein, a high voltage is a voltage of at
least about 70 kV or higher. As used in this specification
and the claims, a high-voltage circuit breaker is a circuit
breaker rated to a voltage of at least about 70 kV or high-
er.

[0025] In a gas circuit breaker, the arc-extinguishing
medium consists of a gas. Typically, the circuit breaker
includes an encapsulating case which defines a volume
for the gas. Furthermore, the circuit breaker typically in-
cludes a gas blast system configured to extinguish an
arc formed between a first arcing contact and a second
arcing contact of the circuit breaker during a stage of the
current interruption operation.

[0026] A circuit breaker according to embodiments de-
scribed herein includes an elongated contact rod. As
used in this specification and the claims, an elongated
contact rod of a circuit breaker shall be understood as a,
typically rigid, contact member which includes, at least,
an arcing contact portion, a substantially cylindrical por-
tion and another contact portion (hereinafter referred to
as first contact portion) typically configured for establish-
ing an electrical contact with a mating contact portion of
a breaker contact of the circuit breaker. The term elon-
gated should be understood as specifying that the con-
tactrod includes an essentially cylindrical shape wherein
the term cylindrical should not be understood in a limiting
way such as having a strictly circular cross-section but
such that its longitudinal extension in the direction of the
switching axis is substantial compared to a lateral exten-
sion, e.g. in diameter. The arcing contact portion is typ-
ically formed on the end of the contact rod disposed prox-
imal to the other arcing contact of the circuit breaker. The
first contact portion is typically disposed at an outer sec-
tion of the contact rod with respect to its longest longitu-
dinal axis.

[0027] A circuit breaker according to embodiments de-
scribed herein includes a disconnectable arc interruption
current path between the first breaker contact and the
second breaker contact. As used in this specification and
the claims, an interruption current is a current flowing
between the two breaker contacts of the circuit breaker
during a current interruption operation thereof. A portion
of the disconnectable arc interruption current path leads
from an arcing contact, typically connected to the second
breaker contact, through another arcing contact of an
elongated contact rod and via a pole contact arrange-
ment, to the first breaker contact. Typically, the contact
rod is movable along a switching axis for disconnecting
the arc interruption current path. In particular, a displace-
ment of the contact rod along the switching axis typically
results in a separation of the arcing contacts. Thereby,
the interruption current path may be disconnected.
Therefore, according to typical embodiments of the
present disclosure, a circuit breaker includes an interrup-
tion current path formed in a manner such that, during a
current interruption operation, the interruption current
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flows between both breaker contacts, either through a
mechanical contact thereof or an electric arc formed ther-
ebetween. Furthermore, this interruption current is fur-
ther carried by, at least, by the contact rod and by a pole
contact arrangement in which the interruption current is
transferred from the contact rod to one of the breaker
contacts.

[0028] According to embodiments of the present dis-
closure, the contact rod includes a substantially cylindri-
cal portion extending in a direction of a switching axis.
Typically, the contact rod is arranged in a manner such
that the substantially cylindrical portion is disposed con-
centrically to the switching axis. As set forth above, it is
typical that the contact rod is movable along the switching
axis. In particular, it is typical that the contact rod, which
includes an arcing contact, is movable relative to a en-
capsulating case of the circuit breaker, along the switch-
ing axis, and away from the another arcing contact, so
that the interruption path referred to above is disconnect-
ed and, therefore, a current flowing between the breaker
contacts of the circuit breaker can be interrupted.
[0029] According to embodiments of the present dis-
closure, the pole contact arrangement is formed by a first
contact portion of the contact rod and a mating contact
portion of the first breaker contact. In particular, it is typ-
ical that the first contact portion of the contact rod and
the mating contact portion are configured complementa-
ry to each other for establishing an electrical contact and
thereby forming the pole contact arrangement. Typically,
the mating contact portion is disposed stationarily relative
to an encapsulating case of the circuit breaker. According
to embodiments of the present disclosure, the pole con-
tact arrangement is configured in a manner such that the
first contact portion is continuously electrically contacted
to the mating contact portion. In particular, the pole con-
tact arrangement is typically configured in a manner such
thatthe electrical contact between the first contact portion
and the mating contact portion is maintained upon trans-
lation of the contact rod along the switching axis of the
circuit breaker.

[0030] According to embodiments of the present dis-
closure, the contact rod comprises at least one lateral
protrusion. According to embodiments included herein,
a lateral protrusion is an element of the contact rod pro-
truding from the cylindrical portion thereof and being dis-
posed cylindrically asymmetrically with respect to the lon-
gitudinal axis of the cylindrical portion. According to em-
bodiments of the present disclosure, the lateral protru-
sion extends in a radial direction away from the switching
axis. According to embodiments of the present disclo-
sure, the lateral protrusion is arranged in between the
first contact portion and the cylindrical portioninamanner
such that the first contact portion is rigidly and electrically
connected to the cylindrical portion via the at least one
lateral protrusion. Thereby, the lateral protrusion con-
nects the cylindrical portion and the first contact portion
in the contact rod, so that an interruption current can flow
from the first arcing contact to the first contact portion via

10

15

20

25

30

35

40

45

50

55

the cylindrical portion and the lateral protrusion.

[0031] Furthermore, according to embodiments of the
present disclosure, the lateral protrusion is configured in
a manner such that a portion of the interruption current
path leads from the cylindrical portion through the at least
one lateral protrusion via the pole contact arrangement
to one of the breaker contacts of the circuit breaker.
Thereby, the interruption current is transferred from the
contact rod to this breaker contact of the breaker contact
during a current interruption operation. In this manner,
the interruption current s transferred from the first contact
portion of the contact rod to the mating contact, which is
typically stationarily disposed.

[0032] In the prior art devices referred to earlier in this
description, the contact area between the cylindrical por-
tion of the contact rod and the mating contact portion
determines the density of the transferred interruption cur-
rent. The dimension of this contact area may cause that
a too high current density flows between the cylindrical
portion and the mating contact portion. An excessive cur-
rent density may generate a high electro-mechanical fric-
tion between the elements of the sliding contact, which
friction may cause damages on the contact rod and/or
the mating contact portion. In particular, when the inter-
ruption current is transferred through a mating contact
portion constituted as a tulip-shaped contact, as de-
scribed above, a too high electro-mechanical friction may
generate marks in the form of recesses in the cylindrical
portion and/or damage the fingers of the tulip-shaped
contact upon translation of the contact rod. Thereby, the
friction between the contact rod and the mating contact
portion generally increases with operation of the circuit
breaker and reduce its operating life. Moreover, in certain
applications, the contact area for transferring the inter-
ruption current from the cylindrical portion to the mating
contact portion may be even insufficient for transferring
the interruption current from the contact rod to the cor-
responding contact of the circuit breaker.

[0033] Moreover, in the prior art devices referred to
above the dimensions of the cylindrical portion of the con-
tact rod depend on the required pressure build-up and
the ampacity of the contact rod. For transferring the in-
terrupting current from the movable contact rod to its ded-
icated stationary breaker contact sleeve-like sliding con-
tacts are employed in many prior art devices. Since the
diameter of the contact rod is desirably kept low in order
to comply with the confined space available, the rod
weight to be moved by the motion drive and other con-
ditions, the only opportunity for increasing the contact
area in between the sliding contact of the stationary
breaker contact and the movable contact rod resided in
adjusting the length of the sleeve-like sliding contact are
very limited since further limitations such as the maxi-
mum stroke length of the motion as well as the cycle time
must be met, too.

[0034] The presence of at least one lateral protrusion
extending in a radial direction away from the switching
axis avoids the lurking danger of having a poor electric
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contact at the sliding contact such as in prior art devices
by dislocating the contact area from the pin surface of
the contact rod to a radially more remote region at a distal
end of the lateral protrusion. Arranging the contact area
proximate to said distal end where less constraints are
present than closer to the switching axis allows an in-
creased contact area compared to prior art devices and
thus contributes essentially to the electrical contact qual-
ity of the movable contact rod and the dedicated station-
ary breaker contact. Expressed differently, the disloca-
tion of the contact area from the pin surface of the contact
rod to a radially more remote region at a distal end of the
lateral protrusion enables designing a sufficiently large
contact area of the sliding contact and its dedicated sta-
tionary breaker contact. Having a large contact area is
advantageous in turns of reliability of the interruption
path.

[0035] Therefore, a circuit breaker according to em-
bodiments of the present disclosure facilitates a design
in which a sufficiently large contact area can be provided,
so that the interruption current can be transferred be-
tween the contact portion of the contact rod and the mat-
ing contact portion with an adequate density. In particu-
lar, embodiments of the present disclosure facilitate that
the density of the current being transferred between the
first contact portion and the mating contact portion is suf-
ficiently low to avoid damage of elements of the circuit
breaker. Furthermore, in the case that the pole contact
arrangement is formed as a sliding contact comprising
the contact portion and the mating contact portion, such
a sufficiently large contact area facilitates keeping suffi-
ciently low electro-mechanical friction between the slid-
ing parts in the pole contact arrangement. Thereby, the
operating life of the circuit breaker is typically increased
and the service requirements are typically reduced. Fur-
thermore, such a decrease of electro-mechanical friction
between sliding parts of the circuit breaker typically re-
sults in a significant reduction of the operating energy
required for performing a current interruption operation.
[0036] Within the following description of the drawings,
the same reference numbers refer to the same compo-
nents. Generally, only the differences with respect to the
individual embodiments are described.

[0037] Fig. 1 schematically shows a cross-sectional
view of a portion of an exemplary gas-insulated high-
voltage circuit breaker 200. Exemplary circuit breaker
200 is configured to interrupt a current between a first
breaker contact 132 and a second breaker contact 134.
In typical embodiments of the present disclosure, the
breaker contacts are adapted for being electrically con-
nected to the circuit to be protected by circuit breaker
200 (i.e., the protected circuit). Exemplary circuit breaker
200 includes an encapsulating case 80 which defines a
volume for a gas. Typically, stationary casing 80 is con-
stituted as an insulating envelope, such as, but not limited
to, a ceramic housing. Such insulating envelope is typi-
cally mounted on a suitable structure configured to sup-
port circuit breaker 200.
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[0038] In the exemplary embodiment, circuit breaker
200includes afirst arcing contact 10 and a second arcing
contact 12, the arcing contacts being adapted to form a
burn contact. According to typical embodiments, first arc-
ing contact 10 is electrically connected to first breaker
pole 132 and second arcing contact 12 is electrically con-
nected to second breaker pole 134. Arcing contacts 10
and 12 are constituted in a manner such that they can
conveniently carry an interruption current, so that the arc-
ing contacts do not generate excessive heating and with-
stand the heat of an arc generated during a current in-
terruption operation of the circuit breaker. In particular,
arcing contacts 10 and 12 are made of any suitable ma-
terial, typically arc-resistant, that enables circuit breaker
200 to function as described herein, such as, but not lim-
ited to, copper or copper alloys, silver alloys, or a com-
bination thereof. In particular, these materials are typi-
cally chosen on the basis of their electrical conductivity,
hardness (i.e., resistance to abrasive wear), mechanical
strength, low cost, and/or chemical properties.

[0039] In the exemplary embodiment, first arcing con-
tact 10 forms part of a contact rod 20, which rod further
includes a substantially cylindrical portion 22, a lateral
protrusion 30 and a first contact portion 55. Contact rod
20 is typically arranged in a manner such that cylindrical
portion 10 is disposed concentrically to a switching axis
25. In typical embodiments, contact rod 20 is movable
relative to encapsulating case 80 and along switching
axis 25 in a direction away from second arcing contact
12. According to certain embodiments, contact rod 20 is
integrally built as a single piece. In alternative embodi-
ments, contact rod 20 is modularly built, so that it is con-
stituted by multiple pieces which are brought together,
typically in a releasable manner. An integrally built con-
tact rod typically facilitates reducing costs of fabrication
and optimizing its electrical and mechanical properties.
A modularly built contact rod typically facilitates servicing
of its parts. For example, a modularly built contact rod
20 may be configured in a manner such that first arcing
contact 10, which typically is subject to erosion through
the electric arc, can be easily exchanged.

[0040] Typically, contactrod 20 is made of any suitable
conductive material which enables circuit breaker 200 to
function as described herein, such as, but not limited to,
copper. If required, the contact rod 20 may be made of
different materials, for example, different parts thereof
may be made of different materials or be coated with a
material which provides adequate electrical and/or me-
chanical properties to each of these parts.

[0041] Lateral protrusion 30 extends in a radial direc-
tion and away from switching axis 25. Furthermore, lat-
eral protrusion 30 is arranged in between first contact
portion 55 and cylindrical portion 22 and is configured in
a manner such it rigidly and electrically connects these
portions to each other. In particular, in the exemplary
embodiment, lateral protrusion 30 branches out from a
middle part of cylindrical portion 22 and extends in a di-
rection perpendicular to switching axis 25. In alternative
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embodiments, lateral protrusion 30 may branch out from
a part of cylindrical portion 22 distal from first arcing con-
tact 10 and/or may extend along a direction which forms
an oblique angle with switching axis 25.

[0042] In the exemplary embodiment, lateral protru-
sion 30 is formed substantially flat and coplanar to switch-
ing axis 25. Typically, lateral protrusion 30 is formed as
a portion of contact rod 20 which protrudes from cylindri-
cal portion 22 and is formed cylindrically asymmetric with
respect to the longitudinal axis of cylindrical portion 22.
In particular, lateral protrusion 30 is formed as an element
protruding from cylindrical portion 22 and having a cross-
section along a plane parallel to switching axis 25, which
cross-section is suitable for carrying the maximum inter-
ruption current that circuit breaker 200 is required to safe-
ly interrupt a current between the breaker contacts. Such
a cross-section of lateral protrusion 30 may have any
suitable shape, such as, but not limited to, an oval, cir-
cular, or rectangular shape. Furthermore, the dimen-
sions, shape and materials of lateral protrusion 30 are
typically chosen so that mechanical stability of contact
rod 20 is not compromised. A lateral protrusion according
to embodiments of the present disclosure typically pro-
vide a cross-section adequate for conducting an inter-
ruption current from cylindrical portion 22 to first contact
portion 55, while providing a versatile geometry which
facilitates implementation of contact rod 20 in circuit
breaker 200.

[0043] According to embodiments of the present dis-
closure, contact rod 20 includes first contact portion 55,
which first contact portion 55 is rigidly and electrically
connected to cylindrical portion 22 via at least one lateral
protrusion 30, in the exemplary embodiment, via one lat-
eral protrusion 30. Thereby, contact rod 20 is typically
constituted in a manner such that an interruption current
can flow from first arcing contact 10, through cylindrical
portion 22 and lateral protrusion 30, to first contact portion
55. First contact portion 55 may be formed as any suitable
contact portion that enable contact arrangement 60 to
function as described herein. According to certain em-
bodiments, first contact portion 55 is formed substantially
cylindrically asymmetrically with respect to a longitudinal
axis of cylindrical portion 22, which axis is typically coin-
cident with switching axis 25.

[0044] According to certain embodiments, first contact
portion 55 includes a contact blade. In the exemplary
embodiment, first contact portion 55 is in particular
formed as a contact blade substantially coplanar to the
longitudinal axis of cylindrical portion 22 which is coinci-
dent with switching axis 25. In the exemplary embodi-
ment, first contact portion 55 is formed as an elongated
contact blade extending in the direction of switching axis
25. Such a contact blade typically provides a sufficiently
large contact area for transferring an interruption current
from contact rod 20 to first breaker contact 132. In par-
ticular, such contact area provided by a contact blade is
not limited by the cylindrical geometry of cylindrical por-
tion 22. Furthermore, a first contact portion 55 including
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a contact blade typically provides a first contact portion
55 with appropriate mechanical properties and which can
be cost-effectively manufactured.

[0045] According to embodiments of the present dis-
closure, first breaker contact 132 includes a mating con-
tact portion 90. In typical embodiments, mating contact
portion 90 is an electrically conducting element which is
disposed stationarily relative to encapsulating case 80
and is adapted for transmitting a current to first breaker
contact 132. In the exemplary embodiment, mating con-
tact portion 90 is disposed stationarily relative to encap-
sulating case 80 and complementary to first contact por-
tion 55 in order to form a contact with a surface thereof.
Mating contact portion 90 may be formed as any suitable
contact portion that enables contact arrangement 60 to
function as described herein. For example, mating con-
tact portion 90 may be formed as a spring finger contact
which is disposed exerting a mechanical loading force
on a surface of first contact portion 55 in a manner such
that these portions are mechanically and electrically con-
tacted to each other, thereby forming contact arrange-
ment 60.

[0046] According to embodiments disclosed herein,
pole contact arrangement 60 is formed by first contact
portion 55 and mating contact portion 90 and is config-
ured in a manner such that first contact portion 55 is con-
tinuously electrically contacted to mating contact portion
90. As described above, a disconnectable interruption
current path is established between the breaker contacts
of circuit breaker 200. Typically, the continuous electrical
contactin contactarrangement 60 is realized in a manner
such that the portion of the arc interruption current path
between first arcing contact 22 and first breaker contact
132is maintained upon translation of contactrod 10 along
switching axis 25. In particular, pole contact arrangement
60 is formed as any suitable contact which enables first
contact portion 55 to continuously electrically contact
mating contact portion 90, such as, but not limited to, a
brush contact, a plug-and-socket connector having an
elongated contact section, a flexible band connector or
a blade connector. In particular, according to certain em-
bodiments, pole contact arrangement 60 is formed as a
sliding contact comprising first contact portion 55 and
mating contact portion 90. In such sliding contact, it is
typical that first contact portion 55 slides in contact along
a surface of mating contact portion 90, as detailed below.
[0047] According to certain embodiments, first contact
portion 55 includes a pole-contact surface 57 extending
in the direction of switching axis 25. Typically, pole-con-
tact surface 57 is arranged substantially non-cylindrically
about the longitudinal axis of cylindrical portion 22. For
example, pole-contact surface 57 may be arranged sub-
stantially planar. Alternatively, pole-contact surface 57
may be arranged substantially cylindrically about switch-
ing axis 25. Typically, pole-contact surface 57 is contin-
uously mechanically and electrically contacted to mating
contact portion 90 during a current interruption operation
in which contact rod 20 is moved along switching axis
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25. According to certain embodiments, the area of pole-
contact surface 57 is larger than at least 200 % of the
cylindrical area of the segment of cylindrical portion 22
extending along lateral protrusion 30 in the direction of
the switching axis 25. The larger the area of pole-contact
surface 57 is larger than 200%, e.g. 250% or even 300%
of the segment of cylindrical portion 22 extending along
lateral protrusion 30 is, the better the interruption current
may be transferred.

[0048] Inthe exemplary embodiment, contactblade 55
slides on mating contact portion 90, which mating contact
portion is formed as a spring finger contact. The contin-
uous electrical contact in contact arrangement 60 of the
exemplary circuit breaker is realized through the me-
chanical loading force exerted by the spring finger of mat-
ing contact portion 90 on a surface of first contact portion
55. In the exemplary embodiment, these portions are
spatially disposed in a manner such that the electrical
contact is continuously maintained upon translation of
contact rod 20 along switching axis 25. In particular, first
contact portion 55 is disposed with its longitudinal axis
aligned with the longitudinal axis of mating contact por-
tion 90, both axes being parallel to switching axis 25.
According to certain embodiments, such as the exem-
plary circuit breaker 200 shown in Fig. 1, pole-contact
surface 57 extends in a direction perpendicular to switch-
ing axis 25.

[0049] According to typical embodiments, circuit
breaker 200 includes an actuating system, typically con-
stituted as a gear system, for moving contactrod 20 along
switching axis 25 and away from second arcing contact
12 during a current interruption operation. Thereby, the
interruption current path referred to above is typically dis-
connected by the separation of arcing contacts, which
separation is caused by the translation of contact rod 20.
In the exemplary embodiment, circuit breaker 200 in-
cludes a gear system 105 which is operatively coupled
to contact rod 20 for translation thereof along switching
axis 25. Typically, gear system 105 is driven by a drive
(not shown). In the exemplary embodiment, gear system
105 includes a distal gear element coupled to contact rod
20 and another distal gear element coupled to a station-
ary part of circuit breaker 200 and operatively associated
to the drive. Thereby, a movement of contact rod 20 rel-
ative to encapsulating case 80 can be engendered. Gear
system 105 include any suitable structure, configuration,
arrangement, and/or components which facilitate moving
contact rod 20 during an interruption operation of circuit
breaker 200, such as, but not limited to, a set of drives
110 operatively coupling drive 105 to contact rod 20, fur-
ther driving elements, transmission elements, slotted link
disks or rotatably mounted bolts.

[0050] According to certain embodiments, second arc-
ing contact 12 is adapted for being displaced along
switching axis 25 during a current interruption operation.
In particular, according to certain embodiments, both arc-
ing contacts 10 12 are disposed movable relative to en-
capsulating case 80, and circuit breaker 200 is configured
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in a manner such that first and second arcing contacts
are moved in opposite directions along switching axis 25
during a current interruption operation. Thereby, circuit
breaker 200 is constituted as a double motion circuit
breaker. By such a configuration, an important decrease
of the operating energy of the circuit breaker is facilitated
by reducing the kinetic energy consumed during the cur-
rent interruption operation. Furthermore, since a circuit
breaker according to embodiments of the present typi-
cally keeps low electro-mechanical friction during a cur-
rentinterruption operation, this kinetic energy can be fur-
ther reduced.

[0051] In such a double motion configuration, it is typ-
ical to displace the arcing contacts in a manner such that
the arc speed relative to the stationary speed during a
current interruption operation is half of that of a circuit
breaker having a single movable contact. Typically, dou-
ble motion is realized by providing circuit breaker 200
with gear system 105 described above, and an auxiliary
gear system operatively coupled to second arcing con-
tact 12 for translation thereof along switching axis 25.
[0052] The exemplary embodiment further includes a
gas blast system 220 configured to apply a gas blast on
an arc formed between first arcing contact 10 and second
arcing contact 12 during a stage of a current interruption
operation. Gas blast system 220 may include any suita-
ble structure, configuration, arrangement, and/or com-
ponents that enable to extinguish an electric arc between
the arcing contacts. For example, but not limited to, gas
blast system 220 may include appropriate valves, blast
pistons, nozzles, arc heaters, or pressure chambers for
the self-blast volume and/or for the compression volume.
Further elements from known gas blasts systems with
which a person of skill in the art will be familiar can be
used with at least some of the embodiments described
herein without this being described in more detail here.
Typically, the gas blasted by gas blast system 220 is any
suitable gas that enables to adequately extinguish the
electric arc formed between the arcing contacts during a
current interruption operation, such as, but not limited,
to an inert gas as, for example, sulphur hexafluoride.
[0053] In the exemplary embodiment, circuit breaker
200 includes rated current contact pieces (not illustrated
in Fig. 1), so that circuit breaker 200 can be configured
to establish a rated current path between first breaker
contact 132 and second breaker contact 134 in a closed
configuration of circuit breaker 200. In typical embodi-
ments, the rated current path includes a rated-only cur-
rent path portion. Typically, circuit breaker 200 is config-
ured for commutating, during a current interruption op-
eration, an interruption current from the rated-only cur-
rent path portion to an interruption current path portion
being different from the rated-only current path portion.
Typically, this portion of the interruption current path is
formed at least between second arcing contact 12 and
contact rod 20, such that an interruption current flows
between first and second breaker contacts, being carried
by contact rod 20 and being transferred from movable
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contact rod 20 to the stationary part of the current path
through contact arrangement 30. Such a rated-only cur-
rent path is further illustrated below with regard to Fig. 6.
[0054] According to certain embodiments, circuit
breaker 200 includes a disconnectable rated current path
between first breaker contact 132 and second breaker
contact 134, which rated current path is different from
the disconnectable arc interruption current path in at least
that pole contact arrangement 60 does not participate in
the disconnectable rated current path (i.e., does not form
part of the disconnectable rated current path). Typically,
the commutation of current is realized by electrically in-
terconnecting the rated current path and the interruption
current path in a manner such that when the rated current
path is disconnected, typically by separating two rated
current contacts, the current originated by a voltage dif-
ference between the breaker contact flows through the
interruption current path. In these embodiments, the re-
sistivity of the elements forming the rated current path
and the interruption current path are chosen in a manner
such that when circuit breaker 200 is in a closed position
(i.e., both current paths are connected), current substan-
tially only flows through the rated current path.

[0055] Circuit breaker 200 may include, in addition to
the elements described above, other further compo-
nents, such as, but not limited to auxiliary chambers, con-
trollers, cable supports, or any other element which en-
ables circuit breaker 200 to function as desired in a par-
ticular application thereof.

[0056] During normal operation, the exemplary circuit
breaker 200 shown in Fig. 1 is typically in a closed state.
In the closed state, both the rated and the interruption
current paths are connected. In certain embodiments,
both current paths electrically interconnect the breaker
contacts in a closed position of circuit breaker 200. In
such embodiments, the rated current path constitutes the
current path interconnecting the breaker contacts with a
lower resistance, so that a rated current flowing between
the breaker contacts is carried by the rated current path.
In typical embodiments, when a fault condition of the pro-
tected circuit is detected, a control system (not shown)
operatively coupled to circuit breaker 200 operates a cur-
rent interruption mechanism for performing a current in-
terruption operation, in which the current flowing between
first breaker contact 132 and second breaker contact 134
is interrupted. The fault condition is detected by any suit-
able structure, configuration, arrangement, and/or com-
ponents such as, but not limited to, a pilot device which
is configured to sense a fault current in the protected
circuit.

[0057] In a first phase of the current interruption oper-
ation, the exemplary circuit breaker 200 commutes the
current flowing between first breaker contact 132 and
second breaker contact 134 from the rated-only current
path portion to a portion of the interruption current path.
Typically, this commutation is performed by opening the
rated current contacts by actuating the rated current path
pieces through a gear system. In certain embodiments,
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the rated current path pieces are coupled to contact rod
20 in a manner such that the rated current path pieces
and contact rod 20 are both actuated by the same gear
system 105. In particular, the rated current path pieces
may comprise a contact piece, such as a cylinder, rigidly
coupled to contact rod 20 and movable therewith. Such
contact piece may form a sliding contact with a comple-
mentary piece. This sliding contact is typically configured
for being opened upon translation of contact rod 20, and
consequently of the coupled contact piece, along switch-
ing axis 25 thereby disconnecting the rated current path.
In such embodiments, first arcing contact 10 and second
arcing contact 12 are disposed for still being in contact
when the rated current path has been disconnected.
Thereby, the rated current path is disconnected while the
interruption path is still closed, so that the current flowing
through circuit breaker 200 is commutated to the inter-
ruption current path, in particular to contact rod 20.
[0058] As set forth above, it is typical that the interrup-
tion current path portion between the moving element
(i.e., contact rod 20) and first breaker contact 132 is con-
tinuously maintained through contact arrangement 60
upon translation of contact rod 20. Thereby, the interrup-
tion current is maintained between the breaker contacts
during the current interruption operation. In a further
phase of the current interruption operation, the interrup-
tion current path is disconnected by separating the arcing
contacts through translation of contact rod 20 along
switching axis 25. After contact separation, the interrup-
tion current is typically carried by an electrical arc formed
between firstarcing contact 10 and second arcing contact
12, this current being further carried by contact rod 20
and contact arrangement 60.

[0059] In a further phase, the formed electrical arc is
extended in the direction of switching axis 25 by increas-
ing the separation of the arcing contact through a further
translation of contact rod 20. In the exemplary embodi-
ment, gas blast system 220 is then operated for gener-
ating an increase of pressure of the extinguishing gas in
interrupting chamber 27. Depending on the embodiment
of the circuit breaker this increase of pressure of the ex-
tinguishing gas is performed by a combination of opening
and closing valves, and/or compression pistons or by the
circuit breaker being a self-blast circuit breaker. Further-
more, circuit breaker 200 is typically configured in a man-
ner such that the formed electrical arc heats the extin-
guishing gas, thereby increasing the gas pressure. When
the gas pressure reaches a sufficient intensity, the elec-
tric arc is cooled and quenched until the current is inter-
rupted.

[0060] During all the phases above, the continuous
contact of first contact portion 55 and mating contact por-
tion 90 in contact arrangement 60 facilitates a current
transfer from the moving contact rod 20 to the stationary
first breaker contact 132. Since the contact area between
first contact portion 55 and mating contact portion 90 is
not limited by the geometry and dimensions of cylindrical
portion 22, this current transfer can be performed by the
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flow of an adequate current intensity, so that the inter-
ruption current can be adequately transferred between
first contact portion 55 and mating contact portion 90 dur-
ing the current interruption operation. Furthermore, a cir-
cuit breaker 200 according to embodiments of the
present disclosure facilitates the design of a contact ar-
rangement 60 for limiting electro-mechanical friction be-
tween the first contact portion 55 and the mating contact
portion 90 during the current interruption operation.
[0061] Fig. 2 schematically shows a cross-sectional
view of a portion of another exemplary gas-insulated
high-voltage circuit breaker 200. According to certain em-
bodiment, and as illustrated in the exemplary contact rod
20 of Fig. 2, first contact portion 55 is formed as at least
two contact blades 55A 55B symmetrically distributed
with respect to the longitudinal axis of cylindrical portion
22. In the exemplary contact rod 20, its longitudinal axis
is coincident with switching axis 25 when disposed in a
circuit breaker. Each contact blade 55A 55B is rigidly and
electrically connected to cylindrical portion 22 through a
respective lateral protrusion 30A and 30B. In the exem-
plary embodiment, contact blades 55A 55B and the re-
spective lateral protrusions are axis-symmetrically dis-
tributed about the longitudinal axis of cylindrical portion
22.

[0062] Inthe exemplary embodiment, contactarrange-
ment 60 is formed by contact blades 55A 55B and two
mating contact portions 90A 90B, each of mating contact
portions 90A 90B being formed complementary to a re-
spective blade. Thereby, contact arrangement 60 is
formed by two sliding contacts axis-symmetrically dis-
posed about switching axis 25. By providing multiple con-
tact blades in first contact arrangement 55, a higher con-
tact area for transferring the interruption current between
contact rod 20 and the corresponding breaker contact is
facilitated. Furthermore, as shown in the exemplary em-
bodiment, the interruption current flowing through con-
tact rod 20 is typically symmetrically distributed about the
longitudinal axis of cylindrical axis 25. Thereby, it is fur-
ther facilitated that the intensity of the current being trans-
ferred between the contact blades and the mating contact
portion is kept low.

[0063] According to certain embodiments, as shown
in Figs. 2 to 11, contact rod 20 comprises a plurality of
lateral protrusions 30. In such embodiments, the inter-
ruption current can flow from cylindrical portion 20 to first
contact portion 55 through multiple, spatially separated,
current paths. Thereby, a higher current transmission ca-
pacity of contact rod 20 is typically facilitated. Such mul-
tiple lateral protrusions may be arranged to allow place-
ment of other devices, such as a gear system, adjacent
to cylindrical portion 20. Thereby, a particularly compact
design of circuit breaker 200 is facilitated. Such multiple
lateral protrusions enable a design of contact rod 20 with
a symmetric current distribution, as detailed below.
[0064] According to certain embodiments, first contact
portion 55 is formed by a plurality of separate contact
sub-portions 55A 55B. In such embodiments, it is typical
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that each of contact sub-portions 55A 55B is rigidly and
electrically connected to cylindrical portion 22 via at least
one of a plurality of lateral protrusions 30. Thereby, a
higher surface area for transferring the interruption cur-
rent from first contact portion 55 to mating contact 90,
typically formed as a stationary contact, is facilitated.
Consequently, such embodiments typically facilitate a
low density of the current transferred from the moving
contact portion to the stationary contact portion, so that
electro-mechanical friction can be kept low.

[0065] Fig. 3 schematically shows a cross-sectional
view of the portion of exemplary gas-insulated high-volt-
age circuit breaker 200 of Fig. 2 along line A-A. For the
sake of clarity the cross-section has not been hatched
although it is a cross-sectional view. According to certain
embodiments, and as illustrated by the exemplary con-
tact rod 20 in Fig. 3, a pole-contact surface 57 of contact
portion 55 includes at least two, mutually opposing, pole-
contact sub-surfaces formed substantially parallel to
each other. In the exemplary embodiment, each contact
blade 55A 55B comprises respective pairs of mutually
opposing pole-contact sub-surfaces 57A-57A’ 57B-57B’,
which surfaces extend in the direction of switching axis
25. Typically, as illustrated in the exemplary embodiment,
the pole-contact surfaces extend substantially parallel to
switching axis 25. In the exemplary embodiment, the
pole-contact surfaces are continuously mechanically and
electrically contacted to mating contact portions 90A 90B.
This mechanical and electrical contact is constituted as
a sliding contact which is maintained during a current
interruption operation in which contact rod 20 is moved
along switching axis 25.

[0066] According to certain embodiments, mating con-
tact portion 90 is arranged complementary to mutually
opposing pole-contact sub-surfaces of first contact por-
tion 55 for establishing a mechanical and electrical con-
tact therewith and, typically, for maintaining this contact
upon translation of contact rod 20. In the exemplary em-
bodiment, each mating contact portion 90A 90B includes
arespective pair of contact elements 92A-92A’ 92B-92B’.
Typically, each of these pairs is arranged complementary
to corresponding pole-contact sub-surfaces 57A-57A’
57B-57B’. Typically, contact elements 92A-92A’ 92B-
92B’ are constituted as complementary spring finger con-
tacts. In the exemplary embodiment, contact elements
92A-92A’ 92B-92B’ of each pair are configured to exert
mutually opposing mechanical loading forces on blades
55A 55B, so that each spring finger contact continuously
contacts a respective pole contact surfaces. Thereby, a
stable and continuous electrical contact between the
mating contacts and the respective blades is facilitated,
in particular when contact member 20 is moved along
switching axis 25 during a current interruption operation.
[0067] In the exemplary embodiment, a gear system
105is operatively coupled to contactrod 20. Gear system
105 is configured to move contact rod 20 along switching
axis 25 during a current interruption operation. As illus-
trated in Figs. 3 and 5, at least a portion of gear system
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105 may be arranged in a free volume 16 formed between
a portion of contact rod 20 and first contact portion 55.
Thereby, a particular compact design of circuit breaker
200 is facilitated. In the particular embodiment, gear sys-
tem 105 is disposed in a free volume between contact
blades 55A, 55B and cylindrical portion 22. Gear system
105 includes a drive 105 fixed to a stationary part (not
shown) of circuit breaker 200 and a set of drives 110
operatively coupling drive 105 to contact rod 20 for trans-
lation thereof along switching axis 25, so that the current
interruption path can be disconnected.

[0068] Fig. 4 schematically shows a cross-sectional
view of a portion of yet another exemplary gas-insulated
high-voltage circuit breaker 200. Fig. 5 shows a cross-
sectional view of the exemplary circuit breaker 200.
Again, for the sake of clarity the cross-section has not
been hatched although it is a cross-sectional view. In
certain embodiments, as shown in Figs. 4 and 5, first
contact portion 55 is formed as an integrally single portion
and is rigidly and electrically connected to cylindrical por-
tion 22 via a plurality of lateral protrusions 30. In the ex-
emplary embodiment, first contact portion 55 is formed
cylindrically and concentrically to the longitudinal axis of
cylindrical portion 22 (in this embodiment, arranged co-
incident with switching axis 25). First contact portion 55
is rigidly and electrically connected to cylindrical portion
22 via two lateral protrusions 30A and 30B formed as
branches of cylindrical portion 22. In alternative embod-
iments, the lateral protrusions may further extend along
the longitudinal axis of cylindrical portion 22. Thereby, it
is typically facilitated a higher mechanical strength and
current capacity of contact rod 20. In alternative embod-
iments, first contact portion 55 may be connected to cy-
lindrical portion 22 via three or more lateral protrusions,
so that a higher mechanical strength and current capacity
of contact rod 20 is facilitated.

[0069] Inthe exemplary embodiment, a mating contact
portion 90 is formed complementary to a portion of the
outer surface of first contact portion 90. In alternative
embodiments, mating contact portion 90 is formed sur-
rounding and partially or completely covering the outer
surface of mating contact portion 90. A gear system 105
operatively coupled to contact rod 20 may be disposed,
at least partially, within a free volume 16 formed between
cylindrical portion 22 and first contact portion 55.
[0070] According to certain embodiments, mating con-
tact portion 90 is formed by a plurality of contact fingers
arranged complementary to first contact portion 55 for
establishing a mechanical and electrical contact there-
with. Fig. 6 schematically shows a cross-sectional view
of a portion of a further exemplary gas-insulated high-
voltage circuit breaker 200 which illustrates a plurality of
contact fingers 120 forming part of mating contact por-
tions 90A 90B. In the exemplary embodiment, contacts
fingers are constituted as a plurality of elongated contact
elements arranged complementary to a respective con-
tact blade 55A 55B. Typically, contact fingers 120 have
alength-to-width ration of at least 3 to 2. Typically, mating
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contact portion 90A 90B includes at least one further plu-
rality of contact fingers (not shown) arranged at the other
side of a respective contact blade 55A 55B, so that two
set of contact fingers are arranged complementary to the
respective contact blade 55A 55B and symmetrically with
respect to an axial plane thereof.

[0071] Inthe exemplary embodiment, each of the con-
tact fingers is spring-loaded against a corresponding sur-
face of the respective contact blade 55A 55B. Thereby,
contact fingers 120 establish a mechanical and electrical
contact with contact blades 55A 55B. Typically, contact
fingers 120 are arranged complementary to blades 55A
55B, so that a contact there-between is maintained upon
translation of contact rod along switching axis 25 during
a current interruption operation. For example, in the ex-
emplary embodiment, the longitudinal axis of contact fin-
gers 120 is disposed parallel to switching axis 25 and
aligned with a longitudinal axis of blades 55A 55B.
[0072] The exemplary contact breaker 200 includes a
first rated current contact piece 136 associated to first
breaker contact 132 and a second rated current contact
piece 138 associated to second breaker contact 134. At
least one of rated current contact pieces 136 138 is dis-
posed movable for separating a rated current contact
formed between both contact pieces. Thereby, rated cur-
rent contact pieces 136 138 of the exemplary circuit
breaker 200 constitute a portion of the disconnectable
rated current path detailed above. Rated current pieces
136 138 are typically constituted having a lower resistivity
than the disconnectable interruption current path. There-
by, when circuit breaker 200 is in a closed position (i.e.,
as shown in Fig. 6), pole contact arrangement 60 does
not participate in the disconnectable rated current path.
In the exemplary embodiment, during a current interrup-
tion operation, rated current pieces are firstly separated
for disconnecting the rated current path, so that the cur-
rent flowing between breaker contacts 132 134 automat-
ically commutates to the interruption current path. There-
by, the interruption current path leads through the arcing
contacts 12, 10, the contact rod 20, and the contact ar-
rangements 60A and 60B.

[0073] In the exemplary embodiment, the contact rod
is coupled, electrically isolated, to a guiding element 14,
and a capsule 112 for guiding translation of contact rod
20 during a current interruption operation. Guiding ele-
ment 14 is disposed encapsulating a section of cylindrical
portion 22. Capsule 112 is disposed encapsulating an-
other section of cylindrical portion 22, from which section
two lateral protrusions 30A 30B branch out. Typically,
capsule 112 is constituted in a manner such that it does
not interfere with a lateral protrusion of contact rod 20
upon translation thereof. In the exemplary embodiment,
capsule 112 is provided with two lateral elongated gaps
116A, 116B along which lateral protrusions 30A, 30B are
displaced upon translation of contact rod 20 during a cur-
rent interruption operation. Such guiding element 14
and/or capsule 112 facilitate mechanical stability of circuit
breaker 200 and reproducibility of the translation of con-
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tact rod 20 along switching axis 25.

[0074] Figs. 7 and 9, and their respective cross-sec-
tions in Figs. 8 and 9, schematically show a portion of a
still further exemplary gas-insulated high-voltage circuit
breaker 200 in a closed position (Figs. 7 and 8) and in
an open position (Figs. 9 and 10). The exemplary contact
rod 20 is encapsulated by a capsule 112. In the exem-
plary contact rod 20 two lateral protrusions 30A, 30B ex-
tend symmetrically opposed to switching axis 25. Each
lateral protrusion extends through a respective elongated
gap 116A, 116B. Elongated gaps 116A, 116B extend in
the direction of switching axis 25, so that capsule 112
does not interfere with lateral protrusions 30A 30B upon
translation of contact rod 20.

[0075] The exemplary embodiment further includes a
gear system 105, which is driven by a drive 107. Drive
107 isrigidly coupled to capsule 112 through an attaching
element 109. Gear system 105 includes a set of gear
elements coupled to contact rod 20 and operatively as-
sociated todrive 107 for actuation of contactrod 20 during
a current interruption operation. In the exemplary em-
bodiment, gear system 105 is compactly disposed in the
proximity of capsule 112. Lateral protrusions 30A 30B
enable to dispose contact blades 55A and 55B away of
gear system 105 and without interfering therewith. There-
by, the contact area for transferring the current from a
moving element of circuit breaker 200, to a stationary
part thereof, is not limited by the spatial arrangement of
other elements of circuit breaker 200, such as, in this
case, gear system 105 or capsule 112.

[0076] As mentioned above, first contact portion 55
may be formed as a plurality of contact blades symmet-
rically distributed with respect to the longitudinal axis of
cylindrical portion 22. Fig. 11 and the cross section in
Fig. 12 exemplarily illustrate such an embodiment. In the
exemplary embodiment, contact rod 20 comprises four
contact blades 55A to 55D symmetrically disposed about
the longitudinal axis of cylindrical portion 22. Each con-
tact blade 55A to 55D is rigidly and electrically connected
to cylindrical portion 22 through a respective connecting
portion 30A to 30D. Contact rod 20 may include any
number of contact blades, such as, three, five or six.
Thereby, the contact area for transferring an interruption
current can be further extended. Furthermore, by a sym-
metrical disposition of the contact blades, a symmetrical
distribution of the interruption current being transferred
from contact rod 20 to the corresponding breaker contact
is facilitated. Thereby, it is avoided the generation of a
too high electro-mechanical stress in the contact ar-
rangement for transferring the interruption current. For
the sake of clarity the cross-section has not been hatched
although it is a cross-sectional view of fig. 12.

[0077] Embodiments according to the present disclo-
sure include a gas-insulated high-voltage circuit breaker
for interrupting a current between a first breaker contact
and a second breaker contact in an arc interruption cur-
rent path other than the rated current path. For that pur-
pose, an elongated contact rod is provided that compris-
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es at least one lateral protrusion extending in a radial
direction away from a switching axis and being arranged
in between a first contact portion and a cylindrical portion
of the contact rod such that the first contact portion is
rigidly and electrically and mechanically rigidly connect-
ed to the cylindrical portion via the at least one lateral
protrusion. The first contact portion engages with a mat-
ing contact portion of the first breaker contact such that
the elongated contactrod is continuously electrically con-
tacted to the first breaker contact.

[0078] Embodiments of the present disclosure also in-
clude the use of a contact rod according to the description
above in a circuit breaker. Furthermore, embodiments of
the present disclosure also include the use of a circuit
breaker according to the description above for interrupt-
ing the current in a circuit.

[0079] Exemplary embodiments of systems and meth-
ods for a circuit breaker are described above in detail.
The systems and methods are not limited to the specific
embodiments described herein, but rather, components
of the systems and/or steps of the methods may be uti-
lized independently and separately from other compo-
nents and/or steps described herein, and are not limited
to practice with only a circuit breaker as described herein.
Rather, the exemplary embodiments can be implement-
ed and utilized in connection with many other circuit
breaker applications.

[0080] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing. In particular,
Fig. 1 illustrates different aspects which may be com-
bined with other general aspects of the present disclo-
sure.

[0081] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. While various
specific embodiments have been disclosed in the fore-
going, those skilled in the art will recognize that the spirit
and scope of the claims allows for equally effective mod-
ifications. Especially, mutually non-exclusive features of
the embodiments described above may be combined
with each other. The patentable scope of the invention
is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal
language of the claims, orif they include equivalent struc-
tural elements with insubstantial differences from the lit-
eral language of the claims.
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Claims

A gas-insulated high-voltage circuit breaker (200) for
interrupting a current between a first breaker contact
(132) and a second breaker contact (134), the circuit
breaker having a disconnectable arc interruption cur-
rent path between the first breaker contact (132) and
the second breaker contact (134), wherein a portion
of the disconnectable arc interruption current path
leads from a second arcing contact (12) through a
first arcing contact (10) of an elongated contact rod
(20) and via a pole contact arrangement (60) to the
first breaker contact (132),

wherein the contact rod (20) comprises a substan-
tially cylindrical portion (22) extending in a direction
of a switching axis (25), and

wherein the pole contact arrangement (60) is formed
by a first contact portion (55) of the contact rod (20)
and a mating contact portion (90) of the first breaker
contact (132), and the pole contact arrangement (60)
is configured such that the first contact portion is con-
tinuously electrically contacted to the mating contact
portion (90),

wherein the contact rod (20) comprises at least one
lateral protrusion (30) extending in a radial direction
away from the switching axis (25) and being ar-
ranged in between the first contact portion (55) and
the cylindrical portion (22) such that the first contact
portion (55) is rigidly and electrically connected to
the cylindrical portion (22) via the at least one lateral
protrusion (30) and such that a portion of the inter-
ruption current path leads from the cylindrical portion
(22) through the at least one lateral protrusion (30)
via the pole contact arrangement (60) to the first
breaker contact (132).

The circuit breaker (200) according to claim 1,
wherein the first contact portion (55) is formed sub-
stantially cylindrically asymmetrically with respect to
a longitudinal axis of the cylindrical portion (22).

The circuit breaker (200) according to claim 1 or 2,
wherein the pole contact arrangement (60) is formed
as a sliding contact comprising the contact portion
(55) and the mating contact portion (90).

The circuit breaker (200) according to any of the pre-
ceding claims, wherein the first contact portion (55)
comprises a contact blade.

The circuit breaker (200) according to any of the pre-
ceding claims, wherein the first contact portion (55)
is formed as at least two contact blades symmetri-
cally distributed with respect to the longitudinal axis
of the cylindrical portion (22).

The circuit breaker (200) according to any of the pre-
ceding claims, wherein the mating contact portion
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(90) is formed by a plurality of contact fingers (120)
arranged complementary to the first contact portion
(55) for establishing a mechanical and electrical con-
tact therewith.

The circuit breaker (200) according to any of the pre-
ceding claims, wherein the first contact portion (55)
comprises a pole-contact surface (57) extending in
the direction of the switching axis (25), which pole-
contact surface (57) is continuously mechanically
and electrically contacted to the mating contact por-
tion (90) during a current interruption operation in
which the contact rod (20) is moved along the switch-
ing axis (25).

The circuit breaker (200) according to claim 7,
wherein the pole-contact surface (57) extends in a
direction perpendicular to the switching axis (25).

The circuit breaker (200) according to claim 7 or 8,
wherein the pole-contact surface (57) comprises at
least two, mutually opposing, pole-contact sub-sur-
faces (57A; 57A’; 57B; 57B’) formed substantially
parallel to each other.

The circuit breaker (200) according to any of claims
7 to 9, wherein the area of the pole-contact surface
(57) is larger than at least 200 % of the cylindrical
area of the segment of the cylindrical portion (22)
extending along the lateral protrusion (30) in the di-
rection of the switching axis (25).

The circuit breaker (200) according to any of the pre-
ceding claims, wherein the contact rod (20) compris-
es a plurality of the lateral protrusions (30).

The circuit breaker (200) according to claim 11,
wherein the first contact portion (55) is formed by a
plurality of separate contact sub-portions (55A;55B),
each of the contact sub-portions (55A;55B) being
rigidly and electrically connected to the cylindrical
portion (22) via at least one of the plurality of the
lateral protrusions (30).

The circuit breaker (200) according to any of the pre-
ceding claims, further comprising a gear system
(105) operatively coupled to the contact rod (20) for
translation thereof along the switching axis (25), at
least a portion of the gear system (105) being ar-
ranged in a volume (16) formed between at least a
portion of the contact rod (20) and the first contact
portion (55).

The circuit breaker (200) according to any of the pre-
ceding claims, wherein the second arcing contact
(12) is adapted for being displaced along the switch-
ing axis (25) during a current interruption operation.



23 EP 2 395 525 A1

15. The circuit breaker (200) according to any of the pre-
ceding claims further comprising a disconnectable
rated current path between the first breaker contact
(132) and the second breaker contact (134) which
is different from the disconnectable arc interruption
current path in at least that the pole contact arrange-
ment (60) does not participate in the disconnectable
rated current path.

10

15

20

25

30

35

40

45

50

55

13

24



EP 2 395 525 A1

00¢

08—

R

14



EP 2 395 525 A1

|
| 60
| —
55A |
H I
1053\‘ P STA| 928 |—90A
6 ) IL—30A
107\\ N — (‘ IP—\ IS

I
57A’ \57B’
30A 30B \
55A 55B
92A / 92B’
20

15



EP 2 395 525 A1

1

105 105

55

16



EP 2 395 525 A1

9614

141

oom/_ ovl
ocl /<
O /, _
0zl
zel —r
4\)
mul\ R ——L ass
406 q09 \ qoe | 2
O~ = g9}l
e i vy /A IR o S AR
\ \ J&: V9L
§ o:\/\/
V0 oLl YO¢
f) ~
A Mﬂ
V06
0zl
e~0O—t \
/ _
)

8¢El

vel

17



EP 2 395 525 A1

0L 614 6614

oLl
{Smmm
g0¢ 0c
—
oL
Y0
«—VGS 601 211

601

43

O—>
O—>

18



EP 2 395 525 A1

p—i
i
55A~——> i
i
10 30A— 55C
— z
I
I
/1 I T~ 30B
20 | «——__ 558
I
p—
Fig.11
55A~—>[|
20\
30A—P 30C /FJE)C
W/
I |
55D 30D
«—__ 55B

19



EP 2 395 525 A1

des

Europdisches
Patentamt

European

Patent Office

ce européen
brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 10 16 5619

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

FR 2 760 126 Al (GEC ALSTHOM T & D SA
[FR]) 28 August 1998 (1998-08-28)

* page 2, line 23 - page 4, line 10;
figures 1-6 *

US 3 930 709 A (STANGER ROBERT J ET AL)
6 January 1976 (1976-01-06)

* column 4, Tline 23 - column 5, line 23;
figures 1,3 *

FR 2 478 866 Al (MERLIN GERIN [FR])

25 September 1981 (1981-09-25)

* page 5, lines 1-21; figure 1 *

DE 91 07 208 Ul (SIEMENS AG)

8 August 1991 (1991-08-08)

* page 4, line 16 - page 5, line 14;
figure 1 *

1-15

INV.
HO1H1/58
HO1H33/12
HO1H1/38

TECHNICAL FIELDS
SEARCHED (IPC)

HO1H
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 19 November 2010 Findeli, Luc

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

20




EPO FORM P0459

EP 2 395 525 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 10 16 5619

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

19-11-2010
Patent document Publication Patent family Publication

cited in search report date member(s) date

FR 2760126 Al 28-08-1998  NONE

US 3930709 A 06-01-1976  BE 839341 Al 09-09-1976
BR 7601394 A 14-09-1976
CA 1080315 Al 24-06-1980
DE 2608955 Al 30-09-1976
FR 2304197 Al 08-10-1976
GB 1515995 A 28-06-1978
JP 51114694 A 08-10-1976
JP 61013481 U 25-01-1986
JP 63005190 Y2 12-02-1988

FR 2478866 Al 25-09-1981 JP 57053028 A 29-03-1982

DE 9107208 ul 08-08-1991  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

21



	bibliography
	description
	claims
	drawings
	search report

