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(54) SWITCHING DEVICE

(57)  According to an embodiment, the switching de-
vice (100) comprises a base element (4, 14, 24), a first
contact element (12), a second contact element (22) and
at least one drive member (13, 23). The first and the
second contact element are arranged movably relative to
each other and relative to the base element along an axis
(A). The switching device is configured to switch from a
closed state into an open state. The switching device is
configured such that, during switching from the closed to
the open state, the switching device adopts a first inter-
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mediate state in which the first and the second contact
element are in electrical contact and are commonly ac-
celerated by the at least one drive member relative to the
base element in a first axial direction (Al). The switching
device then switches from the first intermediate state into
a second intermediate state in which the first and the
second contact element are separated and in which the
second contact element continues to move relative to the
base element and additionally moves relative to the first
contact element in the first axial direction.
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Description

[0001] The present disclosure relates to a switching
device, particularly to a switching device for high voltage
applications.

[0002] One objecttobe achievedis to provide a switch-
ing device with high breaking capabilities.

[0003] According to an embodiment of the switching
device, the switching device comprises abase element, a
first contact element, a second contact element and at
least one drive member. The first and the second contact
element are arranged movably relative to each other and
relative to the base element along an axis. The switching
device is configured to switch from a closed state into an
open state. The switching device is configured such that,
during switching from the closed to the open state, the
switching device adopts afirstintermediate state in which
the first and the second contact element are in electrical
contactand are commonly accelerated by the atleastone
drive member relative to the base element in a first axial
direction. The switching device then switches from the
firstintermediate state into a second intermediate state in
which the first and the second contact element are se-
parated and in which the second contact element con-
tinues to move relative to the base element and addition-
ally moves relative to the first contact element in the first
axial direction.

[0004] The presentinventionis, inter alia, based on the
idea to design the kinematics of the switching device such
that the two contact elements are simultaneously accel-
erated while they are still in contact. Thus, at the point of
separation, i.e. when switching from the firstintermediate
state into the second intermediate state, an instanta-
neous high-speed of separation is present. In other
words, the separation starts with a high relative speed
of the contact elements. This leads to high breaking
capabilities for very high electromagnetically and elec-
trostatically induced currents and very high bus transfer
currents.

[0005] The switching device is, in particular, suited for
high voltage applications and/or high current applica-
tions. For example, the switching device is configured
for electric currents of at least 100 A or at least 1000 A
flowing between the first and the second contact element.
The switching device may be a so-called disconnector
switch or a so-called earthing switch.

[0006] The base element may be a housing in which
the first and the second contact element as well as the at
least one drive member are located. During normal op-
eration, the housing may be filled with a gas, particularly
quenching gas or insulation gas, like SF6 or any alter-
native.

[0007] The axis along which the first and the second
contact element are movable relative to each other and
relative to the base element is also called "longitudinal
axis" or "separation axis" or "breaking axis". The first
and/or the second contact element may be formed rota-
tionally-symmetrically with respect to this axis. Axial di-
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rections are herein defined as directions parallel to this
axis.

[0008] The first and/or the second contact element
may be formed as a hollow body, e.g. as an elongated
hollow body elongated along the (separation) axis, like a
sleeve-shaped body. Each of the first and the second
contact elements may comprise a contact portion facing
in an axial direction. For example, the contact portions of
the two contact elements face each other and are in direct
electrical and mechanical contact in the firstintermediate
state and, optionally, also in the closed state, i.e. they
adjoin each other in these states. The contact portions
may be formed as lids closing the hollow contact ele-
ments in axial direction.

[0009] The closed and open states of the switching
device are, in particular, resting states in which the con-
tact elements neither move relative to each other nor
relative to the base element. The switching device com-
prises input and output terminals. In the closed state, the
switching device enables a current flow from the input
terminals to the output terminals wherein, in the open
state, a current flow from the input terminals to the output
terminals is disabled. For example, the first and the
second contact elements are electrically connected to
each other in the closed state, e.g. adjoin each other,
wherein the first and the second contact elements are
electrically and physically separated from each other in
the open state.

[0010] Inthe firstand the second intermediate state, at
least one of the contact elements is moving relative to the
base element. In the first intermediate state, the contact
elements are commonly accelerated relative to the base
element while they are continuously in electrical contact
with each other, e.g. adjoin each other. Especially, the
magnitude and direction of acceleration is the same for
both contact elements in the first intermediate state.
"Accelerated" means that the velocity is increased. For
example, in the first intermediate state, the first and
second contact element are continuously accelerated.
[0011] Switching from the first to the second intermedi-
ate state happens automatically, for example. The sec-
ond intermediate state is, in particular, the state which
immediately follows the first intermediate state. In other
words, the separation of the contact elements or the
switch from the first to the second intermediate state,
respectively, happens at a moment in time in which the
two contact elements are commonly accelerated.
[0012] When the switching device is in operation, an
arc may form between the first and the second contact
elements after the separation. That is, in the second
intermediate state, the arc may be formed between the
first and the second contact elements, particularly be-
tween the contact portions thereof. A main extension
direction of this arc is then in axial direction, for example.
[0013] According to a further embodiment, the switch-
ing device comprises two drive members. A drive mem-
ber is herein defined as a member for moving atleastone
of the contact elements in an axial direction by exerting
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force onto the contact element. The drive members may
be realized by springs or hydraulic members or other
means, like pneumatic, magnetic or electro-magnetic
means.

[0014] According to a further embodiment, the second
contact element is arranged downstream of the first
contact element in the first axial direction. In other words,
in the first intermediate state, the first contact element
follows the second contact element during the common
acceleration and common movement in the first axial
direction.

[0015] According to a further embodiment, the com-
mon acceleration of the first and the second contact
element in the first axial direction during the first inter-
mediate state is caused by a first drive member and a
second drive member. The first drive member thereby
pushes the first contact element against the second
contact element in the first axial direction. The second
drive member exerts force onto the second contact ele-
mentin the first axial direction. The second drive member
may pull the second contact element in the first axial
direction.

[0016] The first drive member may be received in the
hollow first contact element and may push against an
inner surface of the above-mentioned contact portion of
the first contact element. For example, the second drive
member is arranged in the hollow second contact ele-
ment and may push at an inner surface of the second
contact element. This inner surface faces in the direction
of the first contact element and is located at an (long-
itudinal) end of the second contact element facing away
from the first contact element.

[0017] According to a further embodiment, in the first
intermediate state, the forces exerted by the first and the
second drive member are chosen such that the first
contact element is continuously pushed against the sec-
ond contact element. In other words, the acceleration of
the second contact element solely induced by the second
drive member is smaller than the acceleration of the first
contact element induced by the first drive member so
that, in the firstintermediate state, the first and the second
contact elements feel the same acceleration and con-
tinuously stay in electrical contact. Thus, the contact
portions of the contact elements stay in direct contact
with each other, for example.

[0018] According to a further embodiment, the second
contact element is further accelerated by the at least one
drive member relative to the base element and addition-
ally relative to the first contact element in the first axial
direction, at least at the beginning of the second inter-
mediate state. For example, immediately after switching
from the first into the second intermediate state, the
second contact element is further accelerated relative
to the base element and also relative to the first contact
element. In other words, when switching from the first
intermediate state into the second intermediate state, i.e.
at the moment of contact separation, the acceleration of
the second contact element in the first axial direction is
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greater than the acceleration of the first contact element
in the first axial direction.

[0019] The further acceleration of the second contact
element s then, for example, only induced by the second
drive member. The first drive member would then not
further contribute to the further acceleration of the second
contact element.

[0020] According to a further embodiment, switching
fromthefirstinto the second intermediate state isinduced
by slowing down, particularly stopping, the movement of
the first contact element relative to the base element in
the first axial direction. This may be done by means of a
stop. The movement of the second contact elementin the
first axial direction is further enabled or maintained, re-
spectively, i.e. the stop does not influence the movement
of the second contact element. For example, the switch
fromthe firstinto the second intermediate state isinduced
by a portion, e.g. a protrusion, of the first contact element
abutting/hitting against the stop. Movement of the stop in
the first axial direction may be disabled in the first inter-
mediate state. Thus, the hit of the first contact element
against the stop blocks a further movement of the first
contact element in the first axial direction.

[0021] According to a further embodiment, the switch-
ing device is further configured such that, during switch-
ing from the closed to the open state, the switching device
adopts a third intermediate state before the first inter-
mediate state. In the third intermediate state, the first and
the second contact element are commonly moved rela-
tive to the base element in a second axial direction. The
second axial direction is opposite to the first axial direc-
tion. During switching from the closed to the open state,
the switching device then switches from the third into the
first intermediate state.

[0022] The switching from the third into the first inter-
mediate state happens, particularly, automatically. For
example, the first intermediate state follows immediately
after the third intermediate state. In the third intermediate
state, the first and the second contact element may be
continuously in electrical contact with each other, e.g.
adjoin each other. Particularly, the above-mentioned
contact portions of the first and the second contact ele-
ment may adjoin each other in the third intermediate
state.

[0023] According to a further embodiment, the at least
one drive member is loaded in the third intermediate state
so that it accumulates potential energy. Particularly, the
first and/or the second drive member are loaded during
the third intermediate state and thereby accumulate po-
tential energy.

[0024] According to a further embodiment, the at least
one loaded drive member releases at least some of the
accumulated potential energy in the first intermediate
state. The released potential energy is then used to
accelerate the first and the second contact element in
the first axial direction. Particularly, the loaded first and/or
the loaded second drive member release at least some of
their accumulated potential energy in the first intermedi-
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ate state.

[0025] Firing of the at least one drive member, i.e. the
start of releasing energy, may happen automatically
when switching from the third into the first intermediate
state.

[0026] According to at least one embodiment, the at
least one drive member is a spring. Particularly, the first
and the second drive member are both springs, herein
therefore also called "first and second spring".

[0027] According to at least one embodiment, the at
least one drive member in the form of a spring is biased in
the third intermediate state. By way of example, in the
third intermediate state, the first and the second spring
are both compressed.

[0028] According to a further embodiment, the switch-
ing device further comprises a third contact element. The
third contact element may be formed hollow and/or elon-
gated along the (separation) axis. For example, the third
contactelementis sleeve-shaped or cylindrically shaped,
respectively. The first contact element may be at least
partially received in the third contact element. Also the
firstdrive member may be received at least partially in the
third contact element. At one (longitudinal) end of the
third contact element facing towards the second contact
element, the third contact element may be open in order
to enable the first contact element to be partially ejected
from the third contact element in the first exit direction
and/or in order to enable the first contact element to be
retracted into the third contact elementin the second axial
direction.

[0029] According to a further embodiment, the third
contact element is axially movable relative to the base
element and relative to the first as well as to the second
contact element. The third contact element may be elec-
trically connected to the first contact element, e.g. per-
manently. Sliding contacts, like spiral contacts, between
the first and the third contact element may be provided in
order to maintain the electric contact during relative
movement of the first and the third contact element.
[0030] According to a further embodiment, the switch-
ing device is configured such that an electric current flows
through the third contact element in the closed state and
during normal operation. That is, the current from the
input terminal to the output terminal flows through the
third contact element. For example, no or little electric
current flows through the first and/or the second contact
element during normal operation and in the closed state.
[0031] According to a further embodiment, in the first
intermediate state, the third contactelementmovesin the
second axial direction relative to the base element and/or
relative to the first and the second contact element. This
movement in the second axial direction may be main-
tained, at least temporarily, in the second intermediate
state.

[0032] According to afurther embodiment, the firstand
the second contact element are coupled to the third
contact elementin the third intermediate state. "Coupled"
means, in particular, mechanically coupled or magneti-
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cally coupled, for example.

[0033] According to a further embodiment, a drive
force pointing in the second axial direction is exerted
on to the third contact element in the third intermediate
state. This and the coupling of the first and the second
contact element to the third contact element causes a
common movement of the first, the second and the third
contact element in the second axial direction. In other
words, the drive force and the coupling are such that the
first, the second and the third contact element are com-
monly moved in the second axial direction.

[0034] According to a further embodiment, the drive
force and the coupling are such that a movement of the
first and the second contact element relative to the base
element and relative to the third contact element in the
first axial direction driven by the at least one drive mem-
ber is disabled in the third intermediate state. In other
words, in the third intermediate state, the drive force and
the coupling are such strong that they withstand a force of
the at least one (loaded/biased) drive member acting on
the first and the second contact element in the first axial
direction and even results in a movement of the first and
the second contact element in the second axial direction.
[0035] According to a further embodiment, the switch-
ing device is configured such that, when switching from
the third intermediate state into the first intermediate
state, the coupling of the first and the second contact
element to the third contact element is released so that
the common acceleration of the first and the second
contact element relative to the base element in the first
axial direction and driven by the at least one drive mem-
ber is enabled. The release may happen automatically
when switching from the third into the first intermediate
state. The drive force may then be further exerted onto
the third contact element so that this further moves in the
second axial direction.

[0036] According to a further embodiment, in the third
intermediate state, the coupling of the first and the sec-
ond contact element to the third contact element is rea-
lized by coupling elements which are coupled with each
other. The coupling elements may be frictionally and/or
form-fittingly coupled. Frictional coupling can also be
called "force-fitting coupling". The coupling may be a
pure frictional coupling.

[0037] By way of example, the coupling may be rea-
lized by the coupling elements engaging with each other.
For example, one of the coupling elements is part of the
third contact element and another one of the coupling
elements is part of the first and/or the second contact
element. The coupling element of the third contact ele-
ment may be a protrusion. The coupling element of the
first and/or the second contact element may comprise
one or more elastic elements. The elastic elements may
form a so-called finger cage. When engaged with each
other, the one or more elastic elements may be biased
and pressed against the protrusion, e.g. at least partially
in radial direction. Radial directions are herein defined
with respect to the (separation) axis. This means, radial
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directions are direction perpendicularly towards or away
from the axis.

[0038] According to a further embodiment, the drive
force acts on the first and the second contact element
only via the coupling of the coupling elements. Thus, the
drive force exerted onto the third contact element is
transferred to the first and the second contact element
only via the coupling between the coupling elements.
[0039] According to a further embodiment, in the third
intermediate state, the coupling force between the cou-
pling elements is larger than a tractive force on the
coupling elements so that the firstand the second contact
element are pulled along with the third contact element.
The tractive force tries to move the coupling elements
relative to each other in order to release the coupling.
However, since the coupling force, which is also called
"holding force", is larger in the third intermediate state,
the coupling via the coupling elements is maintained.
[0040] According to a further embodiment, release of
the coupling, i.e. switching from the third into the first
intermediate state, is induced by the tractive force be-
coming larger than the coupling force.

[0041] According to a further embodiment, release of
the coupling is induced by stopping, particularly blocking,
the movement of the first and the second contact ele-
ments relative to the base element in the second axial
direction with help of a stop. The movement of the third
contact element in the second axial direction may, how-
ever, still be enabled.

[0042] For example, at a certain position in the third
intermediate state, the first or the second contact ele-
ment, e.g. a protrusion thereof, abuts/hits against the
stop. The stop may be fixed in position relative to the
base element. By abutting/hitting against the stop, move-
ment of the respective contact element in the second
axial direction is blocked. The tractive force on the cou-
pling elements then becomes larger than the coupling
force and the coupling is released.

[0043] According to a further embodiment, the switch-
ing device comprises further drive member, herein also
called "third drive member". The further drive member is
configured to exert the drive force onto the third contact
element in the third intermediate state. This third drive
member is, in particular, different from the at least one
(first and/or second) drive member causing the common
acceleration of the first and second contact element. The
third drive member may comprise an electric motor.
[0044] According to a further embodiment, the switch-
ing device comprises a reservoir for receiving gas, like a
quenching gas or insulation gas. The gas may be SF6.
[0045] According to a further embodiment, the switch-
ing device is configured to inject gas from the reservoir
into the space between the separated first and second
contact elementin the second intermediate state. There-
by, the flow direction of the injected gas is in an axial
direction. The gas is injected such so that a flow sheath of
the injected gas is formed which is configured to enclose
an arc forming between the first and the second contact
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elements. For example, the (separation) axis runs
through the flow sheath, particularly centrally through
the flow sheath. Particularly, a last contact point between
the first and the second contact element is enclosed by
the flow sheath. The last contact point is, in particular,
formed between the above-mentioned contact portions
of the first of the second contact element.

[0046] According to a further embodiment, atleastone
exit channel leads from the reservoir to the space be-
tween the separated first and second contact elementsin
the second intermediate state. The reservoir is formed
between a surface which is axially fixed with respect to
the base element and a further surface which is axially
fixed with respect to the second contact element. In the
second intermediate state, the surface and the further
surface approximate each other whereby the volume of
the reservoir is reduced so that a gas in the reservoir is
pressed through the exit channel and injected into the
space.

[0047] For example, the reservoir is formed in the
hollow second contact element. The further surface
may be formed by an inner surface of the contact portion
of the second contact element, said inner surface being
located in the second contact element and facing away
from the first contact element. The exit channel may
extend through the contact portion of the second contact
element.

[0048] The surface which is axially fixed to the base
element may be formed by a plunger which is received in
the hollow second contact element. The surface may
face towards the first contact element. One end of the
second drive member may be fixed to the plunger.
[0049] According to a further embodiment, atleastone
entry channel leads from an outside volume of the re-
servoir into the reservoir. The switching device is config-
ured such that gas from the outside volume flows through
the atleast one entry channel into the reservoir during the
third intermediate state.

[0050] Forexample, inthe third intermediate state, the
surface and the further surface between which the re-
servoir is formed move away from each other so that the
volume of the reservoir is increased and gas from the
outside is sucked into the reservoir via the entry chan-
nel(s).

[0051] All features disclosed so far for the embodi-
ments of the switching device are also disclosed for
the now described alternative embodiment of the switch-
ing device and vice versa.

[0052] According to the alternative embodiment of the
switching device, the switching device comprises a first
and a second contact element which are movable relative
to each other along an axis and a reservoir for receiving a
gas. The switching device is configured to switch from a
closed state into an open state. The switching device is
configured such that, during switching from the open
state to the closed state, the first and the second contact
elements are electrically separated from each other by
moving them relative to each and away from each other
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along the axis. Furthermore, during the switching, gas
from the reservoir is injected into the space between the
separated first and second contact elements while they
move relative to each other, wherein a flow direction of
the injected gas is in an axial direction so that a flow
sheath of gas is formed which is configured to enclose an
arc forming between the first and second contact ele-
ments.

[0053] Particularly, during normal operation and when
switching from the closed to the open state, such an arc
forms between the contact elements, particularly be-
tween the contact portions thereof. The sheath of gas
helps to enclose the arc and prevent it from reaching
parts other than the contact elements, it particularly helps
to extinguish the arc.

[0054] Hereinafter, the switching device will be ex-
plained in more detail with reference to the drawings
on the basis of exemplary embodiments. The accompa-
nying figures are included to provide a further under-
standing. In the figures, elements of the same structure
and/or functionality may be referenced by the same
reference signs. It is to be understood that the embodi-
ments shown in the figures are illustrative representa-
tions and are not necessarily drawn to scale. In so far as
elements or components correspond to one another in
terms of their function in different figures, the description
thereof is not repeated for each of the following figures.
For the sake of clarity, elements might not appear with
corresponding reference symbols in all figures.

[0055] Figures 1 to 15, 17, 18 and 20 show different
positions during operation of an exemplary embodiment
of the switching device,

[0056] Figures 16 and 19 show different exemplary
embodiments of the second contact element,

[0057] Figure 21 shows the operation of an exemplary
embodiment of the switching device with the help of a
graph.

[0058] Figure 1 shows an exemplary embodiment of

the switching device 100 in an open state of the switching
device. The switching device 100 comprises a first as-
sembly 1 and a second assembly 2, which are electrically
separated and isolated from each other. Both assemblies
1, 2 are arranged in a base element 4, namely a housing
element4, which s filled with gas, e.g. aquenching gas or
insulation gas, respectively. The gas may be SF6.
[0059] The firstassembly 1 is electrically connected to
conductors 5, which reach from the interior of the housing
element 4 through the housing element 4 to the outside,
where the conductors 6 form a terminal, e.g. an input
terminal. The second assembly 6 is electrically con-
nected to conductors 6, which also reach from the interior
of the housing element 4 through the housing element 4
to the outside, where the conductors 6 form a terminal,
e.g. an output terminal.

[0060] As can be further seen in figure 1, an electric
motor 3 is arranged outside of the housing element4. The
electric motor 3 is coupled to the first assembly 1 by
means of a spindle 15. This will be explained in more
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detail further below.

[0061] Figure 1 further indicates an axis A which runs
from the left to the right and is herein also called "long-
itudinal axis" or "separation axis", respectively. Moreover,
two axial directions are indicated, namely a first axial
direction A1 pointing from the leftto the rightand a second
exit direction A2 pointing from the right to the left.
[0062] Figure 2 shows the two assemblies 1, 2 of figure
1 in more detail. The first assembly 1 comprises a first
contact element 12, also called "arcing contact 12" or
"first arcing contact 12" in the following. The first assem-
bly 1 further comprises a third contact element 11, also
called "moving contact shield 11" in the following. The
moving contact shield 11 is a hollow, elongated, sleeve-
shaped body which extends in axial direction A1, A2. The
arcing contact 12 is arranged inside the moving contact
shield 11 and is also formed hollow, elongated and
sleeve-shaped. The arcing contact 12 comprises a con-
tact portion 125 in the form of a lid at its longitudinal end
closest to the second assembly 2. The lid 125 closes the
sleeve-shaped body of the arcing contact 12 and projects
out of the moving contact shield 11 in the first axial
direction A1. The lid has a convexly shaped outer sur-
face, said outer surface facing towards the second as-
sembly. The lid 125 is, for example, formed of WCu. The
rest of the arcing contact 12 may be formed of Al.
[0063] A first drive member 13 in the form of a spiral
spring is arranged in the arcing contact 12 and projects
out of the arcing contact 12 in the second axial direction
A2. One longitudinal end of the spring 13 is fixed to the lid
125, namely an inner surface thereof, and the other
longitudinal end of the spring 13 projecting out of the
arcing contact 12 is fixed to the moving contact shield 11.
Thus, when axially moving the arcing contact 12 and the
moving contact shield 11 relative to each other, the first
spring 13 can be biased.

[0064] The moving contact shield 11 comprises a spin-
dle nut 16 at its end most distant from the second as-
sembly 2. The spindle nut 16 is in threaded engagement
with the spindle 15. By rotating the spindle 15 with help of
the electric motor 3, the spindle nut 16 and with this the
moving contact shield 11 can be moved in the first A1 or
second A2 axial direction. The first assembly 1 further
comprises a long shield 18 which is also hollow, elon-
gated and sleeve-shaped. The moving contact shield 11
is received in the long shield 18. The long shield 18 is
fixed in position relative to housing element 14 of the first
assembly 1 which surrounds the long shield 18. The long
shield 18 is electrically connected to the conductors 5.
[0065] Furthermore, the long shield 18 is electrically
connected to the moving contact shield 11 by means of a
sliding contact 17 formed as a contact spiral 17. By
means of the contact spiral 17, electric contact between
the moving contact shield 11 and the long shield 18 is
maintained also when the moving contact shield 11 is
axially moving relative to the long shield 18.

[0066] The second assembly 2 comprises a second
contact element 22 which is herein also called "second
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arcing contact 22". The second arcing contact 22 is a
hollow, elongated and sleeve-shaped body. It comprises
a contact portion 225 in the form of a lid 225 at its long-
itudinal end closest to the first assembly 1. Thus, the two
lids 125 and 225 face each other. The outer surface of the
lid 225 facing the lid 125 is formed convexly. Also lid 225
may be formed of WCu. The rest of the second arcing
contact 22 may be formed of Al

[0067] A plunger 26 is received in the second arcing
contact 22. The plunger 26 is fixed in position to a fourth
contact element 21, herein also called "fixed contact
shield 21". A reservoir 25 is formed between an inner
surface of the lid 225, said inner surface facing away from
the first assembly 1, and a surface of plunger 26 facing
the first assembly 1. The fixed contact shield 21 is a
hollow, elongated and sleeve-shaped body in which
the second arcing contact 22 is received. A sliding con-
tact 27 in the form of a spiral contact is foreseen at a
radially inner surface of the fixed contact shield 21. The
fixed contact shield 21 is arranged in a housing element
24 of the second assembly 2 and fixed thereto.

[0068] Furthermore, the second assembly 2 com-
prises a second drive member 23 in the form of a spiral
spring 23. The spring 23 is received in the second arcing
contact 22 and surrounds the plunger 26. The longitudi-
nal end of the spring 23 which is closest to the first
assembly 1 is fixed to the plunger 26 and the longitudinal
end of the spring 23 which is most distant from the first
assembly 1 is fixed to the second arcing contact 22. The
spring 23 can be biased by moving the second arcing
contact 22 relative to the plunger 26.

[0069] Moreover, atits radial outer surface, the second
arcing contact 22 comprises a coupling element 220 in
the form of elastic fingers. The elastic fingers 220 can be
deformed in radial inward direction. The coupling ele-
ment 220 is configured to engage with a coupling element
110 of the moving contact shield 11, which is illustrated in
greater detail in figure 3. Figure 3 is thereby an enlarged
view of the section indicated surrounded by the circle in
figure 2.

[0070] The coupling element 110 is a protrusion at the
end of the moving contact shield 11 which is closest the
second assembly 2. At the same time the protrusion 110
is configured to abut against a protrusion 120 of the
arcing contact 12. The function of the elements 110,
120 and 220 will be explained in more detail further below.
[0071] Figure 4 shows a position during switching of
the switching device 100 of the previous figures from the
open state into the closed state. The electric motor 3 is
now operated such that it rotates the spindle 15. Due to
this, the spindle nut 16 and with this the whole moving
contact shield 11 are moved in the first axial direction A1.
Due to the coupling of the arcing contact 12 to the moving
contact shield 11 by means of the spring 13, also the
arcing contact 12 is moved in the first axial direction A1.
Figure 4 shows the position in which the lid 125 of the first
arcing contact 12 and the lid 225 of the second arcing
contact 22 abut against each other. At this point, the first
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assembly 1 and the second assembly 2 are electrically
connected to each other.

[0072] Figure 5 shows a later position during the
switching from the open to the closed state, in which
the electric motor 3 has further moved the moving contact
shield 11 and the first arcing contact 12 in the first axial
direction A1. However, since the first arcing contact 12
abuts against the second arcing contact 22 and as the
second arcing contact 22 cannot be moved in the first
axial direction A1 (e.g. by means of a stop), the first arcing
contact 12 does not further move into the first axial
direction A1. As a consequence of this, the first spring
13 is compressed.

[0073] In the position of figure 6, the electric motor 3
has further moved the moving contact shield 11 in the first
axial direction A1, whereby the moving contact shield 11
has been inserted into the fixed contact shield 21. Elec-
trical contact between the fixed contact shield 21 and the
moving contact shield 11 is established by means of the
spiral contact 27. Moreover, the protrusion 110 of the
moving contact shield 11 has passed the lid 225 and the
flexible fingers 220 of the second arcing contact 22. The
first spring 13 has been further compressed.

[0074] In the position of figure 6, the switching device
100isinits closed state. During operation, a current, of for
example several hundred Ampere, now flows between
the long shield 18 and the fixed contact shield 21 via the
contact spiral 17, the moving contact shield 11 and the
further contact spiral 27.

[0075] In the following, the switching of the switching
device 100 from the closed state (see figure 6) to the open
state (see figures 1 and 2) is explained.

[0076] Figure 7 shows a position during switching from
the closed to the open state. The electric motor 3 is now
operated such that the spindle 15 is rotated in the oppo-
site direction and, accordingly, the spindle nut 16 is
moved back in the second axial direction A2 together
with the moving contact shield 11. The first spring 13
thereby partially relaxes but is still biased.

[0077] Figure 7 shows the position in which the protru-
sion 110 of the moving contact shield 11 engages with the
flexible fingers 220 of the second arcing contact 22, which
are thereby compressed radially inwardly. This is shown
in greater detail in figure 8, illustrating the section of figure
7 surrounded by the circle. The flexible fingers 220 com-
prise a protrusion against which the protrusion 110 abuts.
In this way a coupling between the protrusion 110 and the
flexible fingers 220 is achieved, this coupling is frictional
and form-fitting. From the moment illustrated in figures 7
and 8, the switching device 100 is in what is herein called
the "third intermediate state".

[0078] Figure 9 shows a further position in this third
intermediate state. A consequence of the drive force
exerted by the electric motor 3 onto the moving contact
shield 11 together with the coupling between the coupling
elements 110, 220 is that the moving contact shield 11
pulls along the second arcing element 22 in the second
axial direction A2. Since the second arcing contact 22,



13 EP 4 481 785 A1 14

especially its lid 225, abuts against the first arcing contact
12, especially against its lid 125, in the second axial
direction A2, the first arcing contact 12 is also pulled
along in the second axial direction A1. Consequently,
the arcing contacts 12, 22 and the moving contact shield
11 commonly move in the second axial direction driven by
the drive force of the electric motor 3.

[0079] It should be noted that, since the first arcing
contact 12 now moves in the second axial direction A2,
the first spring 13 stays biased, i.e. does not relax com-
pletely. Moreover, due to the movement of the second
arcing element 22 relative to the plunger 26 in the second
axial direction A2, the second spring 23 is also now
biased, namely compressed.

[0080] It should be further noted that in figure 9 the
coupling force or holding force, respectively, between the
engaged coupling elements 110, 220 is larger than the
tractive force which tries to release the coupling. The
tractive force results, inter alia, from the first spring 13 and
the second spring 23 which are both biased and which try
to move the first 12 and second 22 arcing contacts in the
first axial direction A1.

[0081] Figure 10 shows a later position in which the
switching device 100 is still in the third intermediate state
inwhich the coupling elements 110, 220 are stillengaged.
The electric motor 3 has further moved the contact ele-
ments 11, 12, 22 in the second axial direction A2. How-
ever, in figure 10, a further movement of the second
arcing contact 22 in the second axial direction A2 is
blocked/disabled by the second contact element 22 hit-
ting against a stop formed by the plunger 26, namely a
protrusion thereof. This can be better seen in the view of
figure 11 showing the section surrounded by the circle in
figure 10.

[0082] Due to the second arcing contact 22 hitting
against the plunger 26, the tractive force on the coupling
elements 110, 220 becomes larger than the holding force
and, consequently, the coupling between the coupling
elements 110, 220 isreleased, i.e. the protrusion 110 now
slides over the protrusion formed by the flexible fingers
220. At this moment, the switching device 100 switches
from the third intermediate state into what is herein called
the first intermediate state.

[0083] Figure 12 shows a position of the switching
device 100 at the very beginning of the first intermediate
state in which the coupling is released. The coupling no
longer prevents the arcing contacts 12, 22 from being
moved in the first axial direction A1 by means of the
springs 13, 23. Indeed, as explained before, the biased
springs 13, 23 exertforces onto the arcing contacts 12, 22
in the first axial direction A1.

[0084] Due to the forces exerted by the biased springs
13, 23, the arcing contacts 12, 22 are now commonly
accelerated in the first axial direction A1. Thereby the lids
125, 225 stay in contact with each other. This is achieved
because the forces exerted by the springs 13, 23 are
chosen such that the first arcing contact 12 always
pushes against the second arcing contact 22.
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[0085] The arcing contacts 12, 22 are commonly ac-
celerated in the first axial direction A1 until the position of
figure 13, which indicates the very last moment of the first
intermediate state or the very first moment of the herein
called second intermediate state. Note that the moving
contact shield 11 has been further moved in the second
axial direction A2 during the first intermediate state by
means of the electric motor 3.

[0086] In the position of figure 13, the previously men-
tioned protrusion 120 of the first arcing contact 12 hits
against the protrusion 110 of the moving contact shield
11. Figure 14 shows an enlarged view of the section of
figure 13 surrounded by the circle, where this event can
be better seen.

[0087] The hit of the protrusion 120 against the protru-
sion 110 abruptly stops the movement of the first arcing
contact 12 in the first exit direction A1. However, the
movement of the second arcing contact 22 in the first
axial direction A1 is still enabled and is maintained since
the second spring 23 has not yet fully relaxed in the
position of figure 13. As a consequence, the arcing con-
tacts 12, 22, particularly the lids 125, 225, now start to
separate from each other with a very high separation
velocity. This state in which the second arcing contact 22
is separated from the first arcing contact 12 and con-
tinues to move in the first axial direction A1 away from the
first arcing contact 12 is the second intermediate state.
[0088] Figure 15 shows a later position during the
second intermediate state. The second spring 23 has
further accelerated the second arcing contact 22 in the
first axial direction A1 and the space between the lids
125, 225 has increased accordingly. As can be seen in
figure 15, due to the separation of the arcing contacts 12,
22, an arc 7 has formed between the lids 125, 225 which
mainly extends in axial direction. However, since the
separation of the arcing contacts 12, 22 is so fast due
to the previous, common acceleration, the damage
caused by the arc 7 can be kept low.

[0089] Thefastseparation ofthe arcing contacts 12, 22
is further illustrated in figure 21. The y-axis indicates the
position of the lids 125, 225 along the axis Ainmmand the
x-axis indicates the time in ms. The solid line stands for
the position of the lid 225 of the second arcing contact 22
and the dashed line stands for the position of the lid 125 of
thefirstarcing contact 12. The point P1 indicates the start
ofthefirstintermediate state shown in figure 12. The point
p2 indicates the end of the first intermediate state shown
in figure 13. Due to the common accelerated movement
ofthe arcing contacts 12, 22, the separation at the point B
starts with a high separation velocity. This is supported by
the first arcing contact 12 being abruptly stopped at point
B.

[0090] The second arcing contact 22 continues to
move in the first axial direction until it reaches a position
around 110 mm and then slightly moves back into the
second axial direction. This is due to the rebound of the
second spring 23. After this rebound movement, the
switching device adopts the open state again, shown
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in figure 20.

[0091] Going back to figures 13 and 15, one can see
that a gas is injected from the reservoir 25 into the space
between the separated arcing contacts 12, 22 or the
separated lids 125, 225, respectively. The gas flow 251
is indicated by the solid arrows. In figure 15, the gas flow
has a flow direction in axial direction A1, A2 and forms a
flow sheath enclosing the arc 7 formed between the lids
125, 225. This is shown in greater detail in figures 17 and
18, wherein figure 17 is a front view on the lid 225 of the
second arcing contact 22 when viewed in axial direction
and figure 18 is the same side view as shown in figure 15.
The production of this sheath-shaped gas flow 251 is now
explained in more detail.

[0092] Figure 16 shows an exemplary embodiment of
the lid 225 of the second arcing contact 22 in the men-
tioned front view. As can be seen here, the lid 225
comprises openings 250 which form exit and entry chan-
nels for the gas. The openings 250 surround the center of
the lid 225. Figure 19 shows a further exemplary embodi-
ment of the lid 225 in front view. Here, a plurality of point-
like openings 250 surrounds the center of the lid 225 and
also forms exit and entry channels for the gas.

[0093] The sheath-shaped gas flow can be achieved
by injecting gas from the reservoir 25 into the space
between the lids 125, 225. This happens automatically
during the first and second intermediate state as the
reservoir 25 formed between the inner surface 221 of
the lid 125 and the surface 260 of the plunger 26 is quickly
reduced in its volume, whereby the gas is pressed out
through the openings 250 of the lid 225.

[0094] Filling of the reservoir 25 with the gas also
happens automatically, namely in the third intermediate
state when the second arcing contact 22 is pulled along
with the moving contact shield 11 in the second axial
direction A2. As can be seen in figures 7, 9 and 10, this
movement increases the volume of the reservoir 25
between the lid 225 and the plunger 26 so that gas from
outside is sucked through the openings 250 into the
reservoir 25.

[0095] The embodiments shown in the Figures repre-
sent exemplary embodiments of the switching device.
Therefore, they do not constitute a complete list of all
embodiments according to the switching devices. Actual
switching devices may vary from the embodiments
shown in terms of arrangements and elements, for ex-
ample.

Reference sign list:
[0096]

first assembly

second assembly

electric motor

base body / housing element
conductors

conductors
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7 arc

11 third contact element / moving contact shield
12 first contact element / first arcing contact

13  first drive member / first spring

14  base body / housing element

15  spindle

16 spindle nut

17  sliding contact / contact spiral

18  shield

21 fourth contact element / fixed contact shield

22 second contact element / second arcing contact
23  second drive member / second spring

24  based body / housing element

25  reservoir

26  plunger

27  sliding contact / spiral contact

100  switching device

110  coupling element / stop / protrusion
120  protrusion

125  contact portion / lid

220  coupling element / flexible fingers
221 inner surface

225  contact portion / lid

250 opening / exit channel / entry channel
251 gas flow

260 surface

A axis

A1 first axial direction

A2 second axial direction
P1  point

P2  point

Claims

1. Switching device (100) for high voltage applications,
comprising

- a base element (4, 14, 24),

- a first contact element (12),

- a second contact element (22),

- at least one drive member (13, 23), wherein

- the first (12) and the second (22) contact ele-
ment are arranged movably relative to each
other and relative to the base element (4, 14,
24) along an axis (A),

- wherein the switching device (100) is config-
ured to switch from a closed state into an open
state and

- wherein the switching device (100) is config-
ured such that, during switching from the closed
to the open state,

- the switching device (100) adopts a first
intermediate state in which the first (12) and
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the second (22) contactelement are in elec-
trical contact and are commonly acceler-
ated by the at least one drive member
(13, 23) relative to the base element (4,
14, 24) in a first axial direction (A1), and

- the device (100) switches from the first
intermediate state into a second intermedi-
ate state in which the first (12) and the
second (22) contact element are separated
and in which the second contact element
(22) continues to move relative to the base
element (4, 14, 24) and additionally moves
relative to the first contact element (12) in
the first axial direction (A1).

2. Switching device (100) according to claim 1 compris-

- two drive members (13, 23), wherein

- the second contact element (22) is arranged
downstream of the first contact element (12) in
the first axial direction (A1),

- in the first intermediate state, the common
acceleration of the first (12) and second (22)
contact element in the first axial direction (A1)
is caused by

- a first drive member (13) pushing the first
contact element (12) against the second
contact element (22) in the first axial direc-
tion (A1),

- a second drive member (23) exerting force
onto the second contact element (22) in the
first axial direction (A1),

- the forces exerted by the first (13) and the
second (23) drive member are chosen such
the first contact element (12) is continuously
pushed against the second contact element
(22) in the first intermediate state.

3. Switching device (100) according to claim 1 or 2,
wherein

- at least at the beginning of the second inter-
mediate state, the second contact element (22)
is further accelerated, by the at least one drive
member (23), relative to the base element (4, 14,
24) and additionally relative to the first contact
element (12), in the first axial direction (A1).

4. Switching device (100) according to any one of the
preceding claims, wherein

- switching from the first into the second inter-
mediate state is induced by stopping the move-
ment of the first contact element (12) relative to
the base element (4, 14, 24) in the first axial
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10

direction (A1) by means of a stop (110) while the
movement of the second contact element (22)in
the first axial direction (A1) is further enabled.

5. Switching device (100) according to any one of the
preceding claims, wherein the switching device
(100) is further configured such that, during switch-
ing from the closed to the open state,

- the switching device (100) adopts a third inter-
mediate state before the first intermediate state,
in which the first (12) and the second (22) con-
tactelementare commonly moved relative to the
base element (4, 14, 24) in a second axial direc-
tion (A2), wherein the second axial direction (A2)
is opposite to the first axial direction (A1),

- the switching device (100) switches from the
third into the first intermediate state.

6. Switching device (100) according to claim 5, wherein

-the atleast one drive member (13, 23)is loaded
in the third intermediate state so that it accumu-
lates potential energy,

- in the first intermediate state, the at least one
loaded drive member (13, 23) releases at least
some of the accumulated potential energy,
wherein the released potential energy is used
to commonly accelerate the first (12) and the
second (22) contact element in the first axial
direction (A1) .

7. Switching device (100) according to claim 6, wherein

- the at least one drive member (13, 23) is a
spring,

- the spring (13, 23) is biased in the third inter-
mediate state.

8. Switching device (100) according to any one of the
preceding claims, further comprising

- a third contact element (11),

- the third contact element (11) is electrically
connected to the first contact element (12),
-the third contact element (11) is axially movable
relative to the base element (4, 14, 24) and
relative to the first (12) as well as to the second
(22) contact element,

- the switching device (100) is configured such
that

- in the closed state and during normal
operation, an electrical current flows
through the third contact element (11),

- in the first intermediate state, the third
contact element (11) moves in a second
axial direction (A2) relative to the base ele-
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ment (4, 14, 24) and/or relative to the first
(12) and the second (22) contact element,
said second axial direction (A2) being op- 11. Switching device (100) according to claim 10, where-
posite to the first axial direction (A1). in

becoming larger than the coupling force.

9. Switching device (100) according to claim 8 in its
dependency on claim 5, wherein

- release of the coupling is induced by stopping
the movement of the first (12) and second (22)

- in the third intermediate state,

and the second (22) contact elements are pulled
along by the third contact element (11),

- release of the coupling of the coupling ele-
ments (110, 220) is induced by the tractive force

11

contactelementsrelative to the base element (4,
14, 24)in the second axial direction (A2) with the

10 help of a stop (26), wherein the movement of the
- the first (12) and the second (22) contact third contact element (11) in the second axial
elements are coupled to the third contact direction (A2) is still enabled.
element (11),
- a drive force pointing in the second axial 12. Switching device (100) according to any one of the
direction (A2) is exerted onto the third con- 15 preceding claims, further comprising
tact element (11) which, together with the
coupling, causes a common movement of - a reservoir (25) for receiving a gas, wherein
the first (12), the second (22) and the third - the switching device (100) is configured
(11) contact element in the second axial
direction (A2), 20 - toinject gas from the reservoir (25) into the
- the drive force and the coupling are such space between the separated first (12) and
that a movement of the first (12) and the second (22) contact elements in the second
second (22) contact element relative to the intermediate state with a flow direction of
base element (4, 14, 24) and relative to the the injected gas being in an axial direction
third contact element (11) in the first axial 25 (A1, A2), wherein the gas is injected such
direction (A1) driven by the at least one that
drive member (13, 23) is disabled, - a flow sheath of the injected gas is formed
which is configured to enclose an arc form-
- the switching device (100) is configured such ing between the first (12) and second (22)
that, 30 contact elements.
- when switching from the third intermediate 13. Switching device (100) according to claim 12, where-
state into the first intermediate state, the i
coupling is released so that the common
acceleration of the first (12) and the second 35 - at least one exit channel (250) leads from the
(22) contact elements relative to the base reservoir (25) to the space between the sepa-
element (4, 14, 24) in the first axial direction rated first(12) and second (22) contact elements
(A1) and driven by the at least one drive in the second intermediate state,
member (13, 23) is enabled. - the reservoir (25) is formed between a surface
40 (260) which is axially fixed with respect to the
10. Switching device (100) according to claim 9, wherein base element (4, 14, 24) and a further surface
(221) which is axially fixed with respect to the
- in the third intermediate state, the coupling of second contact element (22),
the first (12) and second (22) contact elements - in the second intermediate state, the surface
to the third contact element (11) is realized by 45 (260) and the further surface (221) approximate
coupling elements (110, 220) which are friction- each other whereby the volume of the reservoir
ally and/or form-fittingly coupled to each other, (25)isreduced so thatgasin the reservoir (25) is
- the drive force acts on the first (12) and second pressed through the exit channel (250) and in-
contact element (22) only via the coupling of the jected into the space.
coupling elements (110, 220), 50
- in the third intermediate state, the coupling 14. Switching device (100) according to claim 12 or 13 in
force between the coupling elements (110, their respective dependency on claim 5, wherein
220) is larger than a tractive force on the cou-
pling elements (110, 220) so that the first (12) - at least one entry channel (250) leads from an
55

outside volume of the reservoir (25) into the
reservoir (25),

- the switching device (100) is configured such
that
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- gas from the outside volume flows through
the at least one entry channel (250) into the
reservoir (25) in the third intermediate state.

15. Switching device (100) for high voltage applications, 5
comprising

- afirst (12) and a second (22) contact element
which are movable relative to each other along
an axis (A), 10
- a reservoir (25) for receiving a gas, wherein
- the switching device (100) is configured to
switch from a closed state into an open state,
- the switching device (100) is configured
15
- such that, during switching from the open
state into the closed state, the first (12) and
the second (22) contact elements are elec-
trically separated from each other by mov-
ing them relative to each other away from 20
each other along the axis (A),
- to inject gas from the reservoir (25) into the
space between the separated first (12) and
second (22) contact elements while they
move relative to each other, wherein a flow 25
direction of the injected gas is in an axial
direction (A1, A2) so that
- a flow sheath of gas is formed which is
configured to enclose an arc forming be-
tween the first (12) and second (22) contact 30
elements.
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