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(54) A nozzle for a breaker, and a breaker having such a nozzle

(57) A nozzle (202; 302; 402) for a medium and/or
high voltage breaker, the breaker comprising at least two
arcing contact members (102, 104) movable in relation
to one another to at least one closed position where the
arcing contact members are electrically connected to one
another, and to at least one open position where the arc-
ing contact members (102, 104) are disconnected and
form an electrically insulating gap (106) between them,
the nozzle being made partially of an electrically insulat-
ing material (204; 304; 404) and being adapted to guide
electrically insulating gas to the insulating gap (106), for
preventing arcing between the arcing contact members
when separating or connecting them, the nozzle com-
prises a nozzle portion (206; 306; 406) adapted to be
positioned in the region of the electrically insulating gap,
and the nozzle comprises a first electrically conductive
body (208; 308; 408) which is entirely surrounded by the
insulating material and electrically insulated from the arc-
ing contact members. The nozzle comprises at least one
second electrically conductive body (210; 310, 312; 410,
412, 414) which is at least partially surrounded by the
insulating material and electrically insulated from the arc-
ing contact members, the at least one second electrically
conductive body is spaced from the first electrically con-
ductive body, the conductive bodies are adapted to form
a capacitive coupling between them, for electric field con-
trol in the insulating gap, and at least one of the conduc-
tive bodies is insulated from earth. A breaker comprising
the nozzle.
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Description

Technical Field

[0001] The present invention relates to a nozzle for a
medium and/or high voltage breaker, the breaker com-
prising at least two arcing contact members movable in
relation to one another to at least one closed position
where the arcing contact members are electrically con-
nected to one another, and to at least one open position
where the arcing contact members are disconnected
from one another and form an electrically insulating gap
between them. The nozzle is made partially of an elec-
trically insulating material and is adapted to guide elec-
trically insulating gas to the insulating gap, for preventing
arcing between the arcing contact members when sep-
arating or connecting them. The nozzle comprises a noz-
zle portion adapted to be positioned in the region of the
electrically insulating gap, and the nozzle comprises a
first electrically conductive body which is entirely sur-
rounded by the insulating material of the nozzle and elec-
trically insulated from the arcing contact members. Fur-
ther, the present invention relates to a breaker for medi-
um and/or high voltage comprising a nozzle of the above-
mentioned sort.

Background of the Invention

[0002] Breakers for medium and/or high voltage, e.g.
1 -1000 kV, which may also be called power breakers,
circuit breakers, or interrupters, are provided in medium
and/or high voltage electric systems to interrupt the elec-
tric circuit upon occurrence of specific operational con-
ditions. The basic structure of breakers and their appli-
cations are well known to the person skilled in the art,
and breakers can for example be installed in switchgears.
[0003] Breakers may comprise a housing which hous-
es the contact members, or electrodes, of the breaker,
and the housing may be filled with an electrically insulat-
ing gas, e.g. compressed gas. It is previously known to
install an electrically insulating nozzle, e.g. formed by a
dielectric material, in the gas-filled breaker. The nozzle
is movable in relation to at least one contact member and
is adapted to be positioned in the region of the electrically
insulating gap which is formed between two separated
contact members, more precisely the arcing contact
members. The nozzle is adapted to guide a flow of elec-
trically insulating gas to the insulating gap for preventing
arcing during opening and closing operations. The flow
of electrically insulating gas guided to the insulating gap
by the nozzle can be said to blow out an arc which is
struck between the two arcing contact members. In prior
art, various designs of the features of the breaker are
suggested in order to improve the performance or the
structure of the breaker.
[0004] US 4,420,662 discloses a compressed-gas cir-
cuit breaker with two contact members which move in
relation to one another, and a nozzle made of a dielectric

material and attached to one of the contact members. An
annular insert made of a conductive material is provided
at the nozzle constriction.
[0005] JP 02-168524 describes a gas circuit breaker
having a nozzle in which a shield is embedded, the shield
being electrically connected to a movable main contact
of the breaker.
[0006] JP 10-199382 describes a puffer-type gas
breaker having a shield embedded on the contact side
of a nozzle, the shield being electrically connected to a
contact of the breaker.
[0007] DE 42 05 501-C1 discloses a high voltage
breaker having two arc contacts and two rated current
contacts, and a nozzle provided with one metal sleeve.
The metal sleeve may be provided on the outside of the
nozzle, or may be embedded inside the nozzle.
[0008] US 2009/0261070-A1 describes an insulating
nozzle made of two different materials, and both of the
materials may be electrically insulating materials.
[0009] GB 712,785 discloses an electric gas-blast cir-
cuit breaker which comprises an intermediate cylinder
consisting of an insulating material and having a bulbous
portion which projects into the space between an inner
casing and a nozzle of an outer breaker casing, and one
metal insert is provided within the body of the bulbous
portion, the insert having the shape of part of a hollow
sphere.
[0010] WO 2008/043721-A1 describes an insulating
tube provided around the insulating nozzle of an inter-
rupter. A second material may be moulded onto the inside
or outside of the insulating tube.
[0011] DE 39 04 147-A1 discloses a metal-encapsu-
lated, gas-blast power circuit breaker. In the region of the
switching path, metallic fitting bodies, which at the same
time form control rings, are fitted on the circumference
of an insulating tube which accommodates the contact
tubes of the breaker.
[0012] US 6,462,295-B1 describes a high voltage pow-
er breaker having two arc contacts and two rated current
contacts, and an insulating nozzle projecting at least par-
tially into the insulating gap between the contacts. The
insulating nozzle has an annular filling attached to its
outer circumference and made of insulating material hav-
ing a dielectric constant above three.
[0013] EP 1 544 881-A1 discloses a nozzle for a gas-
insulated switching device having a couple of separable
arc contacts, and the nozzle has a hollow body compris-
ing an electrically insulating portion and an annular con-
ductive body partially surrounded by the insulating por-
tion.
[0014] EP 1 772 882-A1 describes a gas-insulated
breaker having an insulating nozzle. Onto the outer cir-
cumference of the nozzle, or in an open groove in the
outer circumference of the nozzle, one or more electri-
cally conductive or dielectric field element may be mount-
ed.
[0015] CA 1077100 discloses a disconnect contact as-
sembly for metal-clad switchgear, where nonlinear sem-
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iconductor coatings may be provided onto the surface of
a tubular insulator which surrounds a conductive stud of
the disconnect contact assembly.

The Object of the Invention

[0016] When separating the arcing contact members
of a breaker, the arcing contact members are subjected
to electric field stress because of the electric field pro-
duced in the insulating gap between the arcing contact
members upon separation, which may impair the per-
formance of the breaker and may result in wear on the
arcing contact members.
[0017] The object of the present invention is to provide
an improved breaker for medium and/or high voltage. It
is a further object of the present invention to prevent sec-
ondary arcing between contact members of a breaker for
medium and/or high voltage. It is also an object of the
present invention to prevent wear on the arcing contact
members of a breaker for medium and/or high voltage.

Summary of the Invention

[0018] The above-mentioned objects of the present in-
vention are attained by providing a nozzle for a medium
and/or high voltage (e.g. 1 -1000 kV) breaker, the breaker
comprising at least two arcing contact members movable
in relation to one another to at least one closed position
where the arcing contact members are electrically con-
nected to one another, and to at least one open position
where the arcing contact members are disconnected
from one another and form an electrically insulating gap
between them, the nozzle being made partially of an elec-
trically insulating material and being adapted to guide
electrically insulating gas to the insulating gap, for pre-
venting arcing between the arcing contact members
when separating or connecting them, the nozzle com-
prises a nozzle portion adapted to be positioned in the
region of the electrically insulating gap, and the nozzle
comprises a first electrically conductive body which is
entirely surrounded by the insulating material of the noz-
zle and electrically insulated from the arcing contact
members, wherein the nozzle comprises at least one sec-
ond electrically conductive body which is at least partially
surrounded by the insulating material of the nozzle and
electrically insulated from the arcing contact members,
wherein the at least one second electrically conductive
body is spaced from the first electrically conductive body
by a distance, wherein the conductive bodies are adapted
to form a capacitive coupling between them, for electric
field control in the insulating gap, and wherein at least
one of the conductive bodies is electrically insulated from
earth.
[0019] Thus, the nozzle comprises a first part in the
form of the insulating material, and a second part in the
form of the conductive bodies.
[0020] The conductive bodies are adapted to form a
capacitive coupling between them such that efficient

electric field control in the insulating gap is provided, e.g.
such that an advantageous electric field distribution is
formed in the insulating gap.
[0021] By combining the first electrically conductive
body, which is entirely surrounded by the insulating noz-
zle material (i.e. the insulating material of the nozzle),
with the at least one second electrically conductive body,
which is at least partially surrounded by the insulating
nozzle material, the electric field stress is efficiently dis-
placed from the arcing contact members to the nozzle
material and to the region between the conductive bod-
ies, which has been shown in tests performed by the
inventors of the present invention, whereby field stress
on the arcing contact members is reduced. The maximum
electric field between the arcing contact members in the
insulating gap is efficiently reduced. Because of the re-
duced electric field stress on the arcing contact members,
the risk of secondary arching, also called re-strike, be-
tween the arcing contact members is efficiently reduced.
By entirely embedding and enclosing one of the electri-
cally conductive bodies, any triple point with regard to
this body is excluded, resulting in a reduced electric field
level. When an electrically conductive body is not entirely
surrounded by the insulating nozzle material but has an
exposed surface in contact with the insulating gas, a triple
point is formed between the conducting material of the
conductive body, the insulating gas and the insulating
material of the nozzle, and a triple point results in high
electric field. A high electric field increases the risk of
secondary arching between the arcing contact members,
and increases the risk of electrical breakdown in the in-
sulating nozzle material or in the insulating gas. Further,
as a result of the present invention, a breaker which can
withstand increased voltage levels is provided.
[0022] A dielectric material which is stressed beyond
its dielectric strength undergoes an electrical breakdown.
This results in the sudden transition of part of the dielec-
tric material from an insulating state to a highly conductive
state. This transition is characterized by the formation of
an electric spark, and possibly an electric arc channel
through the material. If an electrical breakdown occurs
within a solid dielectric, e.g. within an insulating nozzle
material, physical, chemical and structural changes
along the path of the discharge will cause permanent
degradation and significant reduction in the dielectric
strength of the insulating material.
[0023] The inventors have realized that the problem of
electric stress may be easier to handle within the insu-
lating nozzle material than in the insulating gas. By pro-
viding the at least two conductive bodies within the insu-
lating nozzle material according to the present invention,
the "electric stress problem" is moved into the nozzle
material, where the electric stress is efficiently taken care
of by the inventive design of the nozzle.
[0024] In prior art, there are critical requirements with
regard to the driving system which is adapted to control
the relative movement of the arcing contact members,
normally by controlling the movement of one of the arcing
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contact members, whereas the other is stationary, since
the separation of the arcing contact members must be
fast enough to provide a gap between the arcing contact
members which is sufficiently large when the Transient
Recovery Voltage, TRV, i.e. the voltage which appears
across the circuit terminals due to redistribution of
trapped energy between source and load side of the net-
work, to which the breaker is connected, appears across
the arcing contact members. If not, the electric field in
the insulating gap will be too high, resulting in secondary
arcing. By the present invention, the speed requirements
with regard to the moving arcing contact members can
be reduced and the moving arcing contact members does
not need to move as fast as in prior art. As a result, the
mechanism of the driving system can be less sophisti-
cated, be more light-weight and less expensive, resulting
in a less complicated, more compact and less bulky
breaker, which has a reduced weight in relation to prior
art breakers.
[0025] By the present invention, and the efficient de-
crease of the electric field strength in the insulating gap
between the two arcing contact members, the breaker
can use an insulating gas which has a lower breakdown
voltage than SF6. Sulphur hexafluoride, SF6, may e.g.
be replaced by CO2, N2, or even air, which are more
environmentally friendly gases in relation to SF6, and
thus, a more environmentally friendly breaker may be
provided. By the present invention, and for the reasons
mentioned above, an improved nozzle is provided. The
improved nozzle provides an improved breaker for me-
dium and/or high voltage, which is subjected to less
stress and is more durable.
[0026] The distance between the at least one second
electrically conductive body and the first electrically con-
ductive body may be set and optimized based on the
design of the arcing contact members, the arcing contact
member separation speed, the overall structure of the
breaker, the composition of the insulating gas used in
the breaker, and the electric field pattern in the region of
the insulating gap between the arcing contact members.
[0027] The nozzle may have a tubular shape and may
be adapted to be positioned around the insulating gap,
the nozzle portion may e.g. be tubular, and the conductive
bodies may advantageously be annular, ring-shapes
and/or tubular, and adapted to be positioned around the
insulating gap.
[0028] According to a further advantageous embodi-
ment of the nozzle according to the present invention,
the conductive bodies may be optimized in their shape
and spatial location so that the breaker, in order to im-
prove the re-strike performance, experiences the least
stress in the arcing gaps when the arcing contact mem-
bers reach half-way between closed and fully open po-
sitions along the travel path.
[0029] According to another advantageous embodi-
ment of the nozzle according to the present invention,
the at least one second electrically conductive body is
entirely surrounded by the insulating material of the noz-

zle.
[0030] By this embodiment, any triple point with regard
to all the conductive bodies is excluded, and a further
electric field strength reduction in the region of the insu-
lating gap is efficiently provided, which has been shown
in tests performed by the inventors of the present inven-
tion. The above-mentioned positive effects of the present
invention are thus further enhanced, and a further im-
proved nozzle and breaker for medium and/or high volt-
age are provided.
[0031] According to an advantageous embodiment of
the nozzle according to the present invention, both the
first electrically conductive body and the at least one sec-
ond electrically conductive body are electrically insulated
from earth. By having both conductive bodies insulated
from the earth/ground, it is easier to manufacture the noz-
zle, to install the nozzle in the breaker, and to assemble
the breaker, since the second conductive body does not
have to be electrically connected to earth, e.g. by a wire
etc. The nozzle is just put in place inside the breaker.
Hereby, a further improved nozzle and breaker for me-
dium and/or high voltage are provided.
[0032] According to a further advantageous embodi-
ment of the nozzle according to the present invention,
said nozzle portion comprises at least one of the conduc-
tive bodies. According to another advantageous embod-
iment of the nozzle according to the present invention,
said nozzle portion comprises the first electrically con-
ductive body and the at least one second electrically con-
ductive body. The nozzle portion may be tubular and
adapted to be positioned around the insulating gap. Ad-
vantageously, in the open position, the nozzle portion is
adapted to be positioned adjacent to the insulating gap.
[0033] The insulating material of the nozzle can for ex-
ample be formed by one polymer or a plurality of poly-
mers, e.g. a composite material, and suitable polymers
are known to the skilled person.
[0034] According to still another advantageous em-
bodiment of the nozzle according to the present inven-
tion, the insulating material of the nozzle comprises a
dielectric material. Examples of suitable dielectric mate-
rials are well known to the skilled person.
[0035] According to yet another advantageous embod-
iment of the nozzle according to the present invention,
each conductive body comprises an outer surface facing
the insulating material of the nozzle, and at least one
surface portion of the outer surface of at least one of the
conductive bodies comprises a nonlinear field grading
material, FGM. The at least one surface portion may be
formed by a layer of FGM, for example, by covering a
portion of the conductive body with a layer of FGM. The
FGM layer may have a suitable thickness. Alternatively,
the entire outer surface of the conductive body may com-
prise FGM, and the outer surface may be formed by a
layer of FGM.
[0036] By the inventive provision of the field grading
material, the inventors of the present invention address
the increased risk of an electrical breakdown in the insu-
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lating nozzle material because of the increased electric
field strength in the insulating nozzle material. The inven-
tors have identified that the electric field strength is high-
est at the surface of the conductive body. By introducing
the nonlinear field grading material according to this em-
bodiment, the electric field at the surface of the conduc-
tive body is efficiently distributed, or smoothed out, and
the electric field stress on the conductive body surface
and on the insulating nozzle material is reduced, and the
risk of an electrical breakdown in the insulating nozzle
material is efficiently reduced.
[0037] A field grading material is a material adapted to
grade or to guide the electric field. Examples of so called
field grading material, FGM, which can be used as de-
fined by the advantageous embodiments of the nozzle
according to the present invention, are for example men-
tioned in WO-A1-2008/076058 and EP-A1-1 736 998.
However, other suitable FGM may also be used.
[0038] According to an advantageous embodiment of
the nozzle according to the present invention, the non-
linear field grading material is a resistive field grading
material with a resistivity which is a function of the electric
field. Alternatively, a capacitive field grading material with
field dependent permittivity may be used.
[0039] By introducing a resistive nonlinear field grad-
ing material according to this embodiment, the reduction
of the electric field strength at the surface of the conduc-
tive body is further improved, the electric field stress on
the insulating nozzle material is further reduced, and the
risk of an electrical breakdown in the insulating nozzle
material is further reduced.
[0040] According to a further advantageous embodi-
ment of the nozzle according to the present invention,
the at least one surface portion of at least one of the
conductive bodies faces an adjacent other conductive
body. The inventors of the present invention have found
that the electric field is highest at the surface of the con-
ductive body which faces another conductive body. By
this embodiment, the reduction of the electric field
strength at the surface of the conductive body is further
improved, and the risk of an electrical breakdown in the
insulating nozzle material is further reduced.
[0041] According to another advantageous embodi-
ment of the nozzle according to the present invention,
the at least one surface portion of at least one of the
conductive bodies is located at a shorter distance to an
adjacent other conductive body in relation to the remain-
der portion of the outer surface of the conductive body
comprising the at least one surface portion.
[0042] The inventors of the present invention have
found that the electric field is highest at the surface of
the conductive body where the distance to another con-
ductive body is the shortest. By this embodiment, the
reduction of the electric field strength at the surface of
the conductive body is still further improved, and the risk
of an electrical breakdown in the insulating nozzle mate-
rial is still further reduced.
[0043] According to yet another advantageous embod-

iment of the nozzle according to the present invention,
at least one of the conductive bodies has a terminal por-
tion facing an adjacent other conductive body, and the
terminal portion is convex towards the adjacent other
conductive body. By giving the conductive body a
smoothly curved surface towards an adjacent other con-
ductive body, the inventors of the present invention have
found, i.e. via tests performed by them, that the electric
field at the surface of the conductive body is efficiently
distributed, or smoothed out, and the electric field
strength at the conductive body surface is further re-
duced, and a further reduced risk of an electrical break-
down in the insulating nozzle material is attained.
[0044] According to another advantageous embodi-
ment of the nozzle according to the present invention,
the conductive body, which has the convex terminal por-
tion, has a longitudinal extension toward an adjacent oth-
er conductive body and defines a longitudinal axis, and
the convex terminal portion has a radial extension which
exceeds the radial extension of the remainder portion of
the conductive body having the convex terminal portion.
This embodiment further improves the distribution of the
electric field at the surface of the conductive body, which
has been shown in tests performed by the inventors of
the present invention, and a still further reduced risk of
an electrical breakdown in the insulating nozzle material
is attained.
[0045] The above-mentioned reduced risk of an elec-
trical breakdown in the insulating nozzle material, as a
result of the inventive and efficient electric field control,
provides an efficiently improved nozzle, which in turn pro-
vides an efficiently improved breaker for medium and/or
high voltage.
[0046] The material of the conductive bodies may for
example comprise graphite, carbon black, metal oxides,
mercury etc. However, other materials for the conductive
bodies are possible.
[0047] According to still another advantageous em-
bodiment of the nozzle according to the present inven-
tion, at least one conductive body comprises an electri-
cally conductive liquid material filled into a compartment
formed by the insulating material of the nozzle.
[0048] It may be complicated to add and embed a sec-
ond material into the nozzle material, e.g. when the in-
sulating material of the nozzle is formed by polytetrafluor-
oethylene, PTFE, which has weak adhesion properties,
and because the different materials may have different
thermal expansion and contraction properties. By using
a liquid material for the conductive bodies, e.g. an elec-
trically conducting gel or oil, the problems of the differ-
ence in thermal expansion and contraction properties are
overcome. The manufacturing of the nozzle is also facil-
itated, which provides for a less expensive nozzle, and
a consequently a less expensive breaker. Suitable elec-
trically conducting liquids, such as gels or oils, are known
to the person skilled in the art. According to an advanta-
geous embodiment of the nozzle according to the present
invention, the insulating nozzle material is formed by
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fluorinated ethylene propylene, FEP. FEP may be easier
to process in relation to PTFE. According to another ad-
vantageous embodiment of the nozzle according to the
present invention, an adhesive, for example an epoxy
adhesive, can be provided between the conductive body
and the insulating nozzle material, in order to facilitate
the provision of the conductive body inside the insulating
nozzle material.
[0049] According to an advantageous embodiment of
the nozzle according to the present invention, the nozzle
comprises at least one compartment formed by the insu-
lating material of the nozzle, the compartment having a
wall surface, at least one conductive body comprises at
least one electrically conductive layer, and the wall sur-
face comprises the at least one electrically conductive
layer. By this embodiment, hollow conductive bodies are
provided, which also reduces the problems of the differ-
ence in thermal expansion and contraction properties.
Further, the hollow conductive bodies add little weight to
the nozzle, whereby a light-weight nozzle, and conse-
quently a light-weight breaker, may be provided. The
light-weight nozzle requires a less sophisticated driving
mechanism for controlling the arcing contact member to
which the nozzle may be physically connected. An im-
proved nozzle and breaker are thus provided.
[0050] According to a further advantageous embodi-
ment of the nozzle according to the present invention,
the nozzle comprises at least two second electrically con-
ductive bodies. By this embodiment, the nozzle is pro-
vided with at least three embedded conductive bodies.
By providing more than two conductive bodies, there are
more distances between conductive bodies which may
be adjusted and optimized for a particular breaker design,
and the re-strike prevention and breakdown prevention
can be tailored and adapted in a more sophisticated way
for a particular breaker design, whereby a further im-
proved breaker can be provided.
[0051] The above-mentioned objects of the present in-
vention are also attained by providing a breaker for me-
dium and/or high voltage, e.g. 1-1000 kV, comprising at
least two arcing contact members movable in relation to
one another to at least one closed position where the
arcing contact members are electrically connected to one
another, and to at least one open position where the arc-
ing contact members are disconnected from one another
and form an electrically insulating gap between them,
and a nozzle adapted to guide electrically insulating gas
to the insulating gap, for preventing arcing between the
arcing contact members when separating or connecting
them, wherein the nozzle comprises the features men-
tioned in any of the appended claims 1 to 10, or the fea-
tures of any of the above-mentioned embodiments of the
nozzle. Hereby, an improved breaker is provided for rea-
sons stated above in connection with the disclosure of
the nozzle according to the present invention.
[0052] According to an advantageous embodiment of
the breaker according to the present invention, the nozzle
is physically connected to a movable first arcing contact

member of the arcing contact members, and the nozzle
is adapted to move together with the first arcing contact
member in relation to the other arcing contact member.
This is an efficient way to mount the nozzle and control
the movement of the nozzle inside the breaker.
[0053] According to a further advantageous embodi-
ment of the breaker according to the present invention,
the breaker comprises at least two rated current contact
members movable in relation to one another to at least
one closed position where the rated current contact mem-
bers are electrically connected to one another, and to at
least one open position where the rated current contact
members are separated from each other, and the elec-
trically conductive bodies are insulated from the at least
two rated current contact members. By the nozzle ac-
cording to the present invention, an efficient breaker, hav-
ing at least two rated current contact members and at
least two arcing contact members, is provided.
[0054] According to another advantageous embodi-
ment of the breaker according to the present invention,
the breaker comprises a housing which houses the con-
tact members and the nozzle, the housing separates the
insulating gap from an atmosphere outside the housing,
and the housing is filled with the insulating gas. By the
nozzle according to the present invention, an efficient
insulating gas-filled breaker is provided.
[0055] According to yet another advantageous embod-
iment of the breaker according to the present invention,
the insulating gas comprises CO2. By the present inven-
tion, and the efficient decrease of the electric field
strength in the insulating gap between the two arcing
contact members, one can use CO2 instead of the insu-
lating gas SF6. SF6 has a higher dielelectric strength and
a higher breakdown voltage than CO2. CO2 is more en-
vironmentally friendly than SF6, and by this embodiment
a more environmentally friendly breaker is provided.
However, the insulating gas of the breaker may also com-
prise other insulating gases, e.g. N2, air, and even SF6.
[0056] According to an advantageous embodiment of
the breaker according to the present invention, the die-
lectric strength of the insulating nozzle material is higher
than the dielectric strength of the insulating gas contained
in the housing of the breaker. Tests performed by the
inventors have shown that this is an advantageous rela-
tionship, which provides an efficient control of the electric
field, and provides an improved breaker. However, other
relationships between the dielectric strength of the insu-
lating nozzle material and the insulating gas, respective-
ly, are also possible.
[0057] The above-mentioned embodiments and fea-
tures of the nozzle and breaker, respectively, may be
combined in various possible ways providing further ad-
vantageous embodiments.
[0058] Further advantageous embodiments of the noz-
zle and the breaker according to the present invention
and further advantages with the present invention
emerge from the detailed description of embodiments.
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Brief Description of the Drawings

[0059] The present invention will now be described,
for exemplary purposes, in more detail by way of embod-
iments and with reference to the enclosed drawings, in
which:

Fig. 1 is a schematic side view showing a longitudinal
section of a part of an embodiment of the break-
er according to the present invention, to the left
of the axis of symmetry z-z the breaker being
shown in a closed position, and to the right of
the axis z-z the breaker being shown in an open
position;

Fig. 2 is a schematic side view showing a longitudinal
section of a first embodiment of the nozzle ac-
cording to the present invention, when the
breaker is in an open position;

Fig. 3 is a schematic side view showing a longitudinal
section of a second embodiment of the nozzle
according to the present invention; and

Fig. 4 is a schematic side view showing a longitudinal
section of a third embodiment of the nozzle ac-
cording to the present invention.

Detailed Description of Preferred Embodiments

[0060] Fig. 1 schematically shows a longitudinal sec-
tion of a part of an embodiment of the breaker for medium
and/or high voltage, e.g. 1-1000 kV, such as 12, 24 or
36 kV, according to the present invention, in a closed
position (a conducting or connected state), and also in
an open position (a non-conducting or disconnected
state). To the left of the axis of symmetry z-z the breaker
is shown in the closed position, and to the right of the
axis z-z the breaker is shown in the open position. The
breaker is substantially rotation symmetric around the
axis z-z, and thus, the entire structure of the breaker in
the open position is obtained by rotating the section to
the right of the axis z-z 360 degrees about the axis z-z,
and the entire structure of the breaker in the closed po-
sition is obtained by rotating the section to the left of the
axis z-z 360 degrees about the axis z-z.
[0061] The breaker comprises a first and a second arc-
ing contact member 102, 104 movable in relation to one
another to at least one closed position (shown to the left
of the axis z-z) where the arcing contact members 102,
104 are electrically connected to one another, and to at
least one open position (shown to the right of the axis z-
z) where the arcing contact members 102, 104 are dis-
connected from one another and form an electrically in-
sulating gap 106 between them. The first arcing contact
members 102 is tubular and the second arcing contact
members 104 has the shape of a cylindrical rod. Further,
the breaker comprises a first and a second rated current
contact member 108, 110 movable in relation to one an-
other to at least one closed position (shown to the right
of the axis z-z) where the rated current contact members

108, 110 are electrically connected to one another, and
to at least one open position (shown to the left of the axis
z-z) where the rated current contact members 108, 110
are separated from each other, and form a second insu-
lating gap 112 between them. The first and second rated
current contact members 108, 110 are both tubular. How-
ever, the contact members 102, 104, 108, 110 may have
other shapes and designs.
[0062] In this embodiment, the first arcing contact
member 102 and the first rated current contact member
108 are adapted to be connected to the load (ground)
side of an electric system to which the breaker is con-
nected, and the other two contact members 104, 110 are
adapted to be connected to the high voltage (source)
side of the electric system. However, it could also be vice
versa.
[0063] The breaker includes a tubular housing 114
which is made of an insulating material and defines a
longitudinal axis z-z. The exterior of the housing 114 is
in a conventional way provided with wing-shaped sheds
116 made of a polymer material, e.g. silicone. The hous-
ing 114 houses the contact members 102, 104, 108, 110
and separates the insulating gaps 106, 112 from an at-
mosphere outside the housing 114, and the housing 114
is filled with an electrically insulating gas, e.g. comprising
CO2, N2, air, or SF6, e.g. compressed insulating gas. The
housing 114 also defines a space between its inner pe-
riphery and the contact members 102, 104, 108, 110.
[0064] In this embodiment, the first arcing contact
member 102 and the first rated current contact member
108 are movable in relation to the housing 114, whereas
the second arcing contact member 104 and the second
rated current contact member 110 are stationary in rela-
tion to the housing 114.
[0065] When the breaker is in the closed (connected)
position, the main current path is provided via the first
and second rated current contact members 108, 110. To
interrupt the current path of the breaker and to bring the
breaker to the open position, firstly, the rated current con-
tact members 108, 110 are disconnected from one an-
other by axially moving the rated current contact member
108 and the first arcing contact member 102 downward
in Fig. 1, while the arcing contact members 102, 104
maintain their connection to one another. Subsequently,
by further axial movement of the rated current contact
member 108 and the first arcing contact member 102 in
a downward direction, the arcing contact members 102,
104 are disconnected from one another. By this discon-
necting procedure, any arching between the rated current
contact members 108, 110 are prevented, and any arc
is struck between the arcing contact members 102, 104.
Consequently, the stress on the rated current contact
members 108, 110 is reduced.
[0066] The breaker includes a tubular shaped nozzle
202, 302, 402 which is adapted to be positioned around
the insulating gap 106, and the nozzle 202 is adapted to
guide electrically insulating gas to the insulating gap 106,
for preventing arcing between the arcing contact mem-
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bers 102, 104 when separating them. The nozzle 202 is
adapted to guide the insulating gas via at least one chan-
nel 118.
[0067] In a conventional way known to the person
skilled in the art, the breaker is provided with a mecha-
nism and a control system to control the breaker and the
movement of the movable contact members, and the
breaker is provided with conventional equipment to pro-
vide the nozzle with a flow of insulating gas in order to
guide insulating gas to the insulating gap.
[0068] In Figs. 2-4, embodiments of the nozzle 202,
302, 402 according to the present invention are shown
in more detail. Each nozzle is adapted to be installed in
a breaker for medium and/or high voltage, e.g. 1-1000
kV, such as the breaker shown in Fig. 1.
[0069] Each nozzle 202, 302, 402 is made partially,
and to the major part, of a solid electrically insulating
material 204, 304, 404, e.g. a dielectric material, e.g. PT-
FE, but other insulating materials, e.g. composite mate-
rials, may also be used. Herein, the nozzle 202 is phys-
ically connected to the first arcing contact member 102
and to the first rated current contact member 108, and
the nozzle 202 is adapted to move together with the first
arcing contact member 102 and the first rated current
contact member 108 in relation to the housing 114 and
in relation to the stationary second arcing contact mem-
ber 104 and the stationary second rated current contact
member 110. The nozzle comprises a nozzle portion 206,
306, 406 adapted to be positioned in the region of the
insulating gap 106 between the arcing contact members
102, 104. In this embodiment, the nozzle 202 is adapted
to project, at least partially in the open position, between
the first arcing contact member 102 and the first rated
current contact member 108, and between the second
arcing contact member 104 and the second rated current
contact member 110. In the open position, when the arc-
ing contact members 102, 104 are disconnected, the noz-
zle portion 206, 306, 406 is adjacent to the insulating
gap, and the nozzle 202 separates the insulating gap 106
from the second insulating gap 112 between the rated
current contact members 108, 110.
[0070] With reference to Fig. 2, a first embodiment of
the nozzle 202 according to the present invention is sche-
matically shown. The nozzle 202 includes a first electri-
cally conductive body 208 and a second electrically con-
ductive body 210 both being entirely surrounded by the
insulating material 204 of the nozzle 202 and electrically
insulated from the contact members 102, 104, 108, 110
and from earth/ground. The electrically conductive bod-
ies 208, 210 are annular, ring-shaped, or tubular shaped,
and adapted to be positioned around the insulating gap
106, and are spaced apart by a distance, the distance
being filled with the insulating material 204. Alternatively,
the electrically conductive body 208 on the load (ground)
side could be electrically connected to earth, by suitable
means. Alternatively, one of the electrically conductive
bodies 208 could be partially surrounded by the insulating
nozzle material 204 instead of entirely surrounded. The

conductive bodies 208, 210 are adapted to form a ca-
pacitive coupling between them, and there is a capaci-
tance between the conductive bodies 208, 210. In the
first embodiment, the conductive bodies 208, 210 are
formed by a solid conducting material. Each conductive
body 208, 210 comprises an outer surface 212, 214 fac-
ing the insulating nozzle material 204, and a surface por-
tion 216, 218 of the outer surface 212, 214 of the con-
ductive bodies 208, 210 comprises a nonlinear field grad-
ing material, FGM, e.g. a resistive field grading material
with a field dependent electrical resistivity, e.g. SiC or
ZnO fillers in a suitable polymer base. The surface portion
216, 218 is advantageously formed by a layer of FGM,
which e.g. is applied to the conductive body, e.g. by cov-
ering. The FGM layer has a suitable thickness. Reference
is made to WO-A1-2008/076058 and EP-A1-1 736 998
for examples of FGM which may used. However, other
suitable FGM may also be used. The surface portion 216,
218 of each conductive body 208, 210 has a suitable
thickness and faces the adjacent other conductive body
208, 210, and is located at a shorter distance to the ad-
jacent other conductive body 208, 210 in relation to the
remainder portion of the outer surface 212, 214 of the
conductive body 208, 210. Each conductive body 208,
210 also has a terminal portion 220, 222 facing the ad-
jacent other conductive body 208, 210, and the terminal
portion 220, 222 is convex towards the adjacent other
conductive body 208, 210. The conductive body 208, 210
has a longitudinal extension toward the adjacent other
conductive body 208, 210 and defines a longitudinal axis.
The convex terminal portion 220, 222 may have a radial
extension which exceeds the radial extension of the re-
mainder portion of the conductive body 208, 210.
[0071] With reference to Fig. 3, a second embodiment
of the nozzle 302 according to the present invention is
schematically shown. The nozzle 302 includes three con-
ductive bodies 308, 310, 312 all being entirely surround-
ed by the insulating material 304 of the nozzle 302 and
electrically insulated from the contact members 102, 104,
108, 110 and from earth/ground. The electrically conduc-
tive bodies 308, 310, 312 are annular, ring-shaped or
tubular, and adapted to be positioned around the insu-
lating gap 106, and are spaced apart by distances, and
are adapted to form capacitive couplings between them.
For each conductive body 308, 310, 312, the nozzle 302
comprises one compartment 314 formed by the insulat-
ing nozzle material 302, each compartment 314 having
a wall surface 316. Each conductive body 308, 310, 312
comprises at least one electrically conductive layer 318,
and the wall surface 316 comprises the at least one elec-
trically conductive layer 318. In Fig. 3, the compartment,
the wall surface and the conductive layer are only shown
with regard to one of the conductive bodies 310, but a
plurality or all of the conductive bodies may naturally be
designed in a corresponding way.
[0072] With reference to Fig. 4, a third embodiment of
the nozzle 302 according to the present invention is sche-
matically shown. The nozzle 402 includes four conduc-
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tive bodies 408, 410, 412, 414 all being entirely surround-
ed by the insulating material 404 of the nozzle 402 and
electrically insulated from the contact members 102, 104,
108, 110 and from earth/ground. The electrically conduc-
tive bodies 408, 410, 412, 414 are annular, ring-shaped
or tubular, and adapted to be positioned around the in-
sulating gap 106, and are spaced apart by distances, and
are adapted to form capacitive couplings between them.
Each conductive body 408, 410, 412, 414 is formed by
an electrically conductive liquid material filled into a com-
partment which the insulating nozzle material 404 forms
for each conductive body 408, 410, 412, 414.
[0073] Alternatively, the above-mentioned embodi-
ments of the nozzle could also be provided with more
conductive bodies, e.g. more than four conductive bod-
ies, and the different kinds of conductive bodies could be
mixed in one and the same nozzle. Other kinds and
shapes of the conductive bodies are possible.
[0074] The second and third embodiments of the noz-
zle may also be provided with FGM in a corresponding
way as is disclosed in connection with the first embodi-
ment of Fig. 2.
[0075] The shape of each conductive body, the size of
each conductive body in relation to the size of the nozzle,
the distance between two adjacent conductive bodies,
the position of each conductive body within the insulating
nozzle material in relation to the surroundings are based
on and optimized for the design of the arcing contact
members, the arcing contact member separation speed,
the overall structure of the breaker, the properties of the
insulating nozzle material, the composition of the insu-
lating gas used in the breaker, the critical distance be-
tween the arcing contact members where the risk of re-
strike is highest, and the electric field pattern in the region
of the insulating gap between the arcing contact mem-
bers. Especially the distance between adjacent conduc-
tive bodies is important for the optimization.
[0076] The invention shall not be considered limited to
the embodiments illustrated, but can be modified and al-
tered in many ways by one skilled in the art, without de-
parting from the scope of the appended claims.

Claims

1. A nozzle (202; 302; 402) for a medium and/or high
voltage breaker, the breaker comprising at least two
arcing contact members (102, 104) movable in rela-
tion to one another to at least one closed position
where the arcing contact members are electrically
connected to one another, and to at least one open
position where the arcing contact members (102,
104) are disconnected from one another and form
an electrically insulating gap (106) between them,
the nozzle being made partially of an electrically in-
sulating material (204; 304; 404) and being adapted
to guide electrically insulating gas to the insulating
gap (106), for preventing arcing between the arcing

contact members when separating or connecting
them, the nozzle comprises a nozzle portion (206;
306; 406) adapted to be positioned in the region of
the electrically insulating gap, and the nozzle com-
prises a first electrically conductive body (208; 308;
408) which is entirely surrounded by the insulating
material of the nozzle and electrically insulated from
the arcing contact members, characterized in that
the nozzle comprises at least one second electrically
conductive body (210; 310, 312; 410, 412, 414)
which is at least partially surrounded by the insulating
material of the nozzle and electrically insulated from
the arcing contact members, in that the at least one
second electrically conductive body is spaced from
the first electrically conductive body by a distance,
in that the conductive bodies are adapted to form a
capacitive coupling between them, for electric field
control in the insulating gap, and in that at least one
of the conductive bodies is electrically insulated from
earth.

2. A nozzle according to claim 1, characterized in that
the at least one second electrically conductive body
(210; 310, 312; 410, 412, 414) is entirely surrounded
by the insulating material (204; 304; 404) of the noz-
zle.

3. A nozzle according to claim 1 or 2, characterized
in that both the first electrically conductive body and
the at least one second electrically conductive body
are electrically insulated from earth.

4. A nozzle according to any of the claims 1 to 3, char-
acterized in that each conductive body (208, 210)
comprises an outer surface (212, 214) facing the in-
sulating material (204) of the nozzle, and in that at
least one surface portion (216, 218) of the outer sur-
face of at least one of the conductive bodies (208,
210) comprises a nonlinear field grading material.

5. A nozzle according to claim 4, characterized in that
the at least one surface portion (216, 218) of at least
one of the conductive bodies faces an adjacent other
conductive body.

6. A nozzle according to claims 4 or 5, characterized
in that the at least one surface portion (216, 218) of
at least one of the conductive bodies (208, 210) is
located at a shorter distance to an adjacent other
conductive body in relation to the remainder portion
of the outer surface of the conductive body (208,
210) comprising the at least one surface portion.

7. A nozzle according to any of the claims 1 to 6, char-
acterized in that at least one of the conductive bod-
ies (208, 210) has a terminal portion (220, 222) facing
an adjacent other conductive body, and in that the
terminal portion is convex towards the adjacent other
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conductive body (208, 210).

8. A nozzle according to any of the claims 1 to 7, char-
acterized in that at least one conductive body (408,
410, 412, 414) comprises an electrically conductive
liquid material filled into a compartment formed by
the insulating material of the nozzle.

9. A nozzle according to any of the claims 1 to 8, char-
acterized in that the nozzle (302) comprises at least
one compartment (314) formed by the insulating ma-
terial (304) of the nozzle, the compartment having a
wall surface (316), in that at least one conductive
body (310) comprises at least one electrically con-
ductive layer (318), and in that the wall surface com-
prises the at least one electrically conductive layer.

10. A nozzle according to any of the claims 1 to 9, char-
acterized in that the nozzle comprises at least two
second electrically conductive bodies.

11. A breaker for medium and/or high voltage, compris-
ing at least two arcing contact members (102, 104)
movable in relation to one another to at least one
closed position where the arcing contact members
are electrically connected to one another, and to at
least one open position where the arcing contact
members are disconnected from one another and
form an electrically insulating gap (106) between
them, and a nozzle (202; 302; 402) adapted to guide
electrically insulating gas to the insulating gap, for
preventing arcing between the arcing contact mem-
bers when separating or connecting them, charac-
terized in that the nozzle (202; 302; 402) comprises
the features mentioned in any of the claims 1 to 10.

12. A breaker according to claim 11, characterized in
that the nozzle (202; 302; 402) is physically connect-
ed to a movable first arcing contact member (102)
of the arcing contact members, and in that the noz-
zle is adapted to move together with the first arcing
contact member in relation to the other arcing contact
member (104).

13. A breaker according to claim 11 or 12, character-
ized in that the breaker comprises at least two rated
current contact members (108, 110) movable in re-
lation to one another to at least one closed position
where the rated current contact members are elec-
trically connected to one another, and to at least one
open position where the rated current contact mem-
bers are separated from each other, and in that the
conductive bodies are insulated from the at least two
rated current contact members.

14. A breaker according to any of the claims 11 to 13,
characterized in that the breaker comprises a
housing (114) which houses the contact members

and the nozzle, in that the housing separates the
insulating gap (106) from an atmosphere outside the
housing (114), and in that the housing is filled with
the insulating gas.

15. A breaker according to claim 14, characterized in
that the insulating gas comprises CO2.

17 18 



EP 2 362 407 A1

11



EP 2 362 407 A1

12



EP 2 362 407 A1

13



EP 2 362 407 A1

14



EP 2 362 407 A1

15



EP 2 362 407 A1

16



EP 2 362 407 A1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 4420662 A [0004]
• JP 2168524 A [0005]
• JP 10199382 A [0006]
• DE 4205501 C1 [0007]
• US 20090261070 A1 [0008]
• GB 712785 A [0009]
• WO 2008043721 A1 [0010]

• DE 3904147 A1 [0011]
• US 6462295 B1 [0012]
• EP 1544881 A1 [0013]
• EP 1772882 A1 [0014]
• CA 1077100 [0015]
• WO 2008076058 A1 [0037] [0070]
• EP 1736998 A1 [0037] [0070]


	bibliography
	description
	claims
	drawings
	search report

