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Description
TECHNICAL FIELD

[0001] Aspects of the present invention generally re-
late to a gas-insulated medium-voltage switch with the
capability to suppress arc re-ignition, to a distribution net-
work, Ring Main Unit, or secondary distribution gas-in-
sulated switchgear having such a switch, and to a method
of breaking a current using the switch.

BACKGROUND ART

[0002] A gas-insulated switch includes electrically in-
sulating gas within its enclosure. Gas-insulated medium-
voltage switches are used in a variety of settings such
as in a distribution networks, Ring Main Units, or second-
ary distribution gas-insulated switchgear. When switch-
ing a current, the switch is opened by relative movement
of the contacts (plug and pipe) away from each other,
whereby an arc can form between the separating con-
tacts.

[0003] In orderto extinguish an arc generated in a cur-
rent breaking operation, some types of switches are
equipped with an arc-extinguishing system. In one type
of switch, an arc-extinguishing system operates by re-
leasing a quenching gas towards the arc for cooling down
and finally extinguishing the arc.

[0004] Typically, low cost and reliability of operation
are two main factors for medium-voltage switches.
Therefore, it is generally desired to use simple and cost-
efficient components for each part of the switch. In par-
ticular, a design enabling a low-cost drive of the switch
is generally favoured. Further, one aspect affecting reli-
ability of operation is that the heating of the electrically
insulating gas caused by the extinguishing of the arc
changes the dielectric properties of the heated gas which
accumulates in the region around the two contacts.
Thereby, the risk of unwanted arc re-ignition or other dis-
charges during or after arc extinction may increase.

SUMMARY OF THE INVENTION

[0005] An object of the invention is to provide an im-
proved gas-insulated medium-voltage switch, which al-
lows for reliable operation while still maintaining at least
to some extent a relatively low-cost and compact design.
[0006] In view of the above, a gas-insulated medium-
voltage switch according to claim 1, and a method of
performing a current breaking operation according to
claim 14 are provided.

[0007] According to a first aspect of the invention, a
gas-insulated medium-voltage switch is provided. The
switch comprises afirst contact element having an arcing
contact surface and a nominal contact surface, wherein
the first contact element is movable along an axis of the
switch for opening and closing the switch, a second con-
tact element configured to make contact with the first
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contact element for closing the switch, and a shield,
wherein the shield and the first contact element are mov-
able relative to each other along the axis between an
exposing configuration and a shielding configuration,
such that the shield and the first contact element are in
the exposing configuration when the switch is in a closed
state and in the shielding configuration during opening
of the switch, wherein in the exposing configuration, the
shield and the first contact element are arranged to ex-
pose the nominal contact surface to the second contact
element, and in the shielding configuration, the shield
and the first contact element are arranged to shield the
nominal contact surface of the first contact element from
the second contact element.

[0008] According to a second aspect of the invention,
a method of performing a current breaking operation by
a switch is provided, wherein the switch comprises a first
contact element, a second contact element and a shield,
the first contact element having an arcing contact surface
defining an arcing region and a nominal contact surface,
wherein the shield and the first contact element are mov-
able relative to each other along an axis. The method
comprises separating the first contact element from the
second contact element by relative movement away from
each other along the axis of the switch so that an arc is
formed in the arcing region, and moving the first contact
element and the shield relative to each other from an
exposing configuration wherein the nominal contact sur-
face is exposed to the second contact element to a shield-
ing configuration wherein the nominal contact surface is
shielded from the second contact element.

[0009] According to a further aspect, the switch is a
load break switch. As defined herein, a load break switch
has a capability to switch load currents, but does not have
a short-circuit switching capability. The load current is
also referred to as the rated current or nominal current
of the switch, and is up to 2000 A, preferably up to 1250
A, more preferably up to 1000 A. Currents in this range
are typical rated currents used in distribution networks,
ring main units, and secondary distribution gas-insulated
switch. The rated currents may on the other hand be more
than 1 A, more preferably more than 100 A, more pref-
erably more than 400 A. In case of an AC load breaker,
the rated current is herein indicated in terms of the rms
current.

[0010] Herein, a medium voltage is defined as a volt-
age in the range of 1 kV to 72 kV. The medium-voltage
switch therefore has a rated voltage of at most 72 kV.
The rated voltage may, in particular, be at most 52 kV,
or preferred at most 36 kV, or more preferred at most 24
kV, or most preferred at most 12 kV.

[0011] Embodiments of the invention enable a current
breaking operation to be performed with reduced occur-
rence of a re-ignition of an arc, especially between the
nominal contacts of the switch, compared with a conven-
tional design, and thus enable a more reliable operation.
Such embodiments are especially advantageous for
thermally interrupting the load currents for a wide range
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of possible load break scenarios and environmental con-
ditions. Also, such embodiments are especially suitable
for an alternative quenching gas as mentioned herein.
[0012] Further advantages, features, aspects and de-
tails that can be combined with embodiments described
herein are evident from the dependent claims, the de-
scription and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be explained in greater detail
with reference to the accompanying drawings, wherein

show a cross-sectional view of a load
break switch according to an embodiment
oftheinvention, ina closed state (Fig. 1a),
an opening state (Fig. 1b), an open state
(Fig. 1c) and a closing state (Fig. 1d);

Figs. 1a-1d

Figs. 2a-2d  show a cross-sectional view of a load
break switch according to an embodiment
oftheinvention, in a closed state (Fig. 2a),
an opening state (Fig. 2b), an open state
(Fig. 2c) and a closing state (Fig. 2d); and
Fig. 3 shows a flow chart of a method of per-
forming a current breaking operation ac-
cording to an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF DRAWINGS

[0014] Withinthe following description of embodiments
shown in the drawings, the same reference numbers re-
fer to the same or to similar components. Generally, only
the differences with respect to the individual embodi-
ments are described. Unless specified otherwise, the de-
scription of a part or aspect in one embodiment applies
to a corresponding part or aspect in another embodiment
as well.

[0015] Figs. 1A-1D show a cross-sectional view of a
load break switch 1 according to an embodiment of the
invention. Fig. 1A shows the switch in a closed state, Fig.
1B shows the switch during a current breaking operation
in an opening state, Fig. 1C shows the switch in an
opened state, and Fig. 1D shows the switch in a closing
state.

[0016] The switch 1 has a gas-tight housing 5 whose
inner volume is filled with an electrically insulating gas at
an ambient pressure po.

[0017] Within the housing 5 is a first contact element
10 and a second contact element 20. The first contact
element 10 is a movable pipe-type contact, and the sec-
ond contact element 20 is a stationary pin-type contact.
Thefirstcontactelement 10 has an arcing contact surface
11 and a nominal contact surface 12.

[0018] The switch 1 further includes a shield 50. The
shield 50 may have a flat disc shape extending radially
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outwards from the axis 6 of the switch 1 such that the
shield 50 divides the inner volume of the housing 5 into
a first region 3 and a second region 4. The shield 50
further includes an opening at its center for surrounding
the first contact element 10, such that the inner surface
of the opening is in sliding contact with the nominal con-
tact surface 12 of the first contact element 10.

[0019] The shield 50 may be moveable in the direction
of the axis 6 of the switch 1 relative to the first contact
element 10 and/or the housing 5. A friction element 52
provided on shield 50 is in frictional contact with the inner
surface of housing 5 such that the shield 50 requires a
moving force which is larger in magnitude than the mov-
ing force for moving the first contact element 10. The
friction element 52 may include a seal, for example a
rubber O-ring, so that the electrically insulating gas in the
first region 3 may not flow between the shield 50 and the
inner surface of housing 5 into the second region 4.
[0020] During movement of the shield 50 in the direc-
tion of axis 6 of the switch 1, the volumes of the first region
3andthe secondregion 4 will change. Atleast an opening
51 in shield 50 allow for electrically insulating gas to flow
from the first region 3 to the second region 4, such that
gas pressure is equalized between the two regions. The
shield 50 may include a plurality of openings 51. Opening
51 are to be positioned closer to the periphery of the
shield 50 in a region close to the housing 5, particularly
opening 51 should be positioned away from the first con-
tact element 10 to avoid an arc re-igniting between the
nominal contact surface 12 and the second contact ele-
ment 20 through opening 51.

[0021] Since thefirst contact element 10 and the shield
50 are moveable relative to one another, the first contact
element 10 and the shield 50 may be configured to be in
one of two configurations.

[0022] As shown in Figs. 1A and 1D, the first contact
element 10 and the shield 50 may be considered to be
in an exposed configuration when the first contact ele-
ment 10 is extended outward from shield 50 such that
the nominal contact surface 12 is exposed to the second
contact element 20. In the exposed configuration, the
nominal contact surface 12 can make contact with the
second contact element 20 so that electrical current may
flow through the switch 1.

[0023] However, in the exposed configuration, re-igni-
tion of an arc between the nominal contact surface 12
and the second contact element 20 can occur during a
current breaking operation. As shownin Figs. 1B and 1C,
the first contact element 10 and the shield 50 may be
considered to be in a shielding configuration when the
first contact element 10is retracted behind shield 50 such
that the nominal contact surface 12 is shielded from the
second contact element 20. In the shielded configuration,
the communication between the nominal contact surface
12 and the second contact element 20 via the electrically
insulating gas is substantially restricted. Restricting the
exposure of the nominal contact surface 12 to the second
contact element 20 greatly reduces the occurrence of re-
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ignition of an arc between the nominal contact surface
12 and the second contact element 20.

[0024] Inthe context of the present invention, the term
"shielding" is understood as a mechanical shielding, i.e.,
a mechanical (preferably insulating) shield is provided in
a space that would otherwise be prone to arcing and/or
electrical discharge between conductors on opposite
sides of that space.

[0025] Thefirst contactelement 10 may further include
atleast afirst contact actuating element 14, and the shield
50 may further include at least a shield actuating element
53. The first actuating element 14 and shield actuating
element 53 define a mechanical limit or stop with respect
to the amount of relative movement of the first contact
element 10 and the shield 50. At the limit of relative move-
ment, the first actuating element 14 engages the shield
actuating element 53 such that any further movement of
the first contact element 10 causes the shield 50 to move.
[0026] As anexample of a current breaking operation,
or an operation of opening the switch, the first contact
element 10 and the shield 50 are moved relative to the
second contact element 20.

[0027] Afirst opening movementis performed wherein
the first contact element 10 is separated from the second
contact element 20 and retracted into the shield 50. Dur-
ing this first opening movement, the shield 50 remains
stationary with respect to the second contact element 20
and the housing 5, due to the friction element 52. The
first contact element 10 is moved along the axis 6 of the
switch 1 until the first contact actuating element 14 en-
gages with the shield actuating element 53.

[0028] Towards the end of the firstopening movement,
the first contact element 10 separates from the second
contact element 20. Thereby, an arc is formed between
the second contact element 20 and the arcing contact
surface 11 in the arcing region 31. Further, the nominal
contact surface 12 of the first contact element 10 is
moved behind the shield 50 such that the first contact
element 10 and the shield 50 are in the shielding config-
uration. At the end of the first opening movement, the
first actuating element 14 engages the shield actuating
element 53 as shown in Fig. 1B.

[0029] A second opening movement is performed
wherein the first contact element 10 continues to be
moved along the axis 6 of the switch in a direction away
from the second contact element 20. First actuating ele-
ment 14, engaged with the shield actuating element 53,
causes the shield 50 to move along the axis 6 of the
switch 1 with the first contact element 10.

[0030] During the second opening movement, the
electrically insulating gas in the second region 4 may flow
through the opening 51 into the first region 3 such that
the gas pressure is equalized. Movement of the first con-
tact 10 continues until the switch is completely opened,
as shown in Fig. 1C. Insulating gas in the second region
is heated by the extinguishing of the arc formed in the
arcing region 31. The nominal contact surface 12 contin-
ues to be shielded from the second contact element 20
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by the shield 50, thereby suppressing the re-ignition of
an arc between the nominal contact surface 12 and the
second contact element 20 despite the modified dielectric
properties of the accumulating heated insulating gas in
the second region 4.

[0031] Similarly, as an example of a current make op-
eration, or an operation of closing the switch, the first
contact element 10 and the shield 50 are moved relative
to the second contact element 20.

[0032] A first closing movement is performed wherein
the first contact element 10 is moved along the axis 6 of
the switch 1, 2 towards the second contact element 20.
In this first closing movement, the shield 50, due to the
friction element 52, remains in a stationary position rel-
ative to the second contact element 20. The first contact
element 10 is moved along the axis 6 of the switch 1, 2
until the first contact actuating element 14 engages with
the shield 50.

[0033] Towards the end of the first closing movement,
the relative movement of the first contact element 10
causes the first contact element 10 and the shield 50 to
move from the shielded configuration to the exposed con-
figuration, wherein the nominal contact surface 12 is
moved from behind the shield 50 to be exposed to the
second contact element 20. At the end of the first closing
movement, the first actuating element 14 engages the
shield 50 as shown in Fig. 1D.

[0034] A second closing movement is performed
wherein the first contact element 10 continues to be
moved along the axis 6 of the switch in a direction towards
the second contact element 20. First actuating element
14, engaged with the shield 50, causes the shield 50 to
move along the axis 6 of the switch 1 with the first contact
element 10.

[0035] During the second closing movement, the elec-
trically insulating gas in thefirst region 3 may flow through
the opening 51 into the second region 4 such that the
gas pressure is equalized. Movement of the first contact
10 continues until the switch is completely closed, as
shown in Fig. 1A. The nominal contact surface 12 con-
tinues to be exposed to the second contact element 20
by the shield 50, thereby allowing an electrical connection
to be made between the nominal contact surface 12 and
the second contact element 20.

[0036] According to an embodiment of the invention,
which may be combined with other embodiments de-
scribed herein, the first contact element 10 may include
an insulating tip 13 at a distal axial position relative to the
nominal contact surface 12. The insulating tip 13 may
include an electrically non-conductive material.

[0037] When thefirstcontactelement 10 and the shield
50 are in a shielding configuration, the insulating tip 13
may be positioned such that the opening in the center of
the shield 50 is in sliding contact with the outer surface
of the insulating tip 13. The insulating tip 13 may have a
tube shape such that, when the switch is in a closed state,
the second contact element 20 may protrude through the
insulating tip 13 and make electrical contact with the first
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contact element 10.According to an embodiment of the
invention, which may be combined with other embodi-
ments described herein, the first contact element 10 may
have a tube shape. In this case, the arcing contact sur-
face 11 is the inner surface of the tube-shaped first con-
tact element 10, and the nominal contact surface 12 is
the outer surface of the tube-shaped first contact element
10. Further, the second contact element 20 may have a
pin shape such that the pin-shaped second contact ele-
ment 20 is configured to be inserted into the tube-shaped
first contact element 10 when the switch is in a closed
state.

[0038] Referring now to Figs. 2A to 2D, the switch 2
may further include a gas pressurization system for ac-
tively extinguishing the arc formed in the arcing region
31. According to an embodiment of the invention, which
may be combined with other embodiments described
herein, the switch 2 further includes a piston 30 for pres-
surizing a quenching gas during the current breaking op-
eration, wherein the piston is configured to compress the
quenching gas, the compressed gas blowing through the
inside of the first contact element 10 and the insulating
tip 13 in an axial direction towards the second contact
element 20 to extinguish the arc formed in the arcing
region 31. Integrated in the first contact 10 is an arc-
extinguishing system for extinguishing the arc. The arc-
extinguishing system has a pressurizing system (puffer
system) and a nozzle including the tube-shaped first con-
tactelement 10 and theinsulating tip 13. The pressurizing
system includes the first region 3 having a quenching
gas contained therein. The quenching gas is a portion of
the electrically insulating gas contained in the housing 5
of the switch. A pressurizing chamber is delimited by the
housing 5 and a piston 30 for compressing the quenching
gas within the first region 3 during the current breaking
operation. To this purpose, the piston 30 moves jointly
with the first contact element 10 so that the piston 30
pressurizes the quenching gas within the pressurizing
chamber when the first contact element 10 is moved
away from the second contact 20 for opening the switch,
as shown in Figs. 2B and 2C. Thereby, the energy for
pressurizing the quenching gas is ultimately provided by
the drive driving the first contact element 10.

[0039] The nozzle including the tube-shaped first con-
tact element 10 and the insulating tip 13 is adapted for
blowing the pressurized quenching gas from the pres-
surization system onto the arc formed in the arcing region
31 during the current breaking operation. The nozzle has
at least a nozzle inlet 15 connected to the first region 3
for receiving the pressurized quenching gas from the first
region 3, and a nozzle outlet to the second region 4 via
the arcing region 31.

[0040] The pressurizing system and the nozzle includ-
ing the tube-shaped first contact element 10 and the in-
sulating tip 13 are dimensioned such that the flow of the
quenching gas is subsonic. This subsonic flow amounts
to arelatively low quenching pressure pqench in the pres-
surizing chamber (Pguench < 1,8"Po, as defined herein),
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and therefore imposes only modest requirements on the
drive of the switch.

[0041] The piston 30 may have a flat disc shape ex-
tending radially outwards from the axis 6 of the switch 1
such that the piston 30 and the shield 50 divide the inner
volume of the housing 5 into a first region 3 and a second
region 4. The piston 30 is fixed at its center to the first
contact element 10, such that the piston 30 moves with
the first contact element 10.

[0042] The shield 50 further includes a shield skirt por-
tion 54 which extends in the direction away from the sec-
ond contact element 20 parallel to the housing 5 and
including the shield actuating element 53. The outer sur-
face of the piston 30 is in sliding contact with the shield
skirt portion 54 of the shield 50 such that the first contact
element 10 can freely move relative to the shield 50.
[0043] During movement of the first contact element
10, and hence piston 30, in the direction of axis 6 of the
switch 2, the volume of the region between the piston 30
and the shield 50 will change. At least an opening 51 in
shield 50 allows for electrically insulating gas to flow from
the second region 3 to the region between the piston 30
and the shield 50, such that gas pressure is equalized
between the two regions. Since the movement of the pis-
ton 30 relative to the shield 50 occurs substantially before
the separation of the first contact element 10 and the
second contact element 20, and before the formation of
an arc in the arcing region 31, the insulating gas drawn
into the region between the piston 30 and the shield 50
is in a state which is substantially unheated by the extin-
guishing of the arc. Thereby, the insulating gas in the
region between the piston 30 and the shield 50, particu-
larly the insulating gas surrounding the nominal contact
surface 12 when in the shielding configuration, has not
undergone a significant change in dielectric properties
due to the extinguishing of the arc, further suppressing
the re-ignition of an arc between the nominal contact sur-
face 12 and the second contact element 20.

[0044] The piston 30 is configured to engage with the
shield actuating element 53 for moving the shield 50. The
piston 30 and shield actuating element 53 define a me-
chanical limit or stop with respect to the amount of relative
movement of the first contact element 10 and the shield
50. At the limit of relative movement, the piston 30 en-
gages the shield actuating element 53 such that any fur-
ther movement of the first contact element 10 causes the
shield 50 to move. According to the embodiment shown
in Figs. 2A to 2D, as an example of a current breaking
operation, or an operation of opening the switch 2, the
first contact element 10 and the shield 50 are moved
relative to the second contact element 20.

[0045] A firstopening movement is performed wherein
the first contact element 10 is separated from the second
contact element 20 and retracted into the shield 50. Dur-
ing this first opening movement, the shield 50 remains
stationary with respect to the second contact element 20
and the housing 5, due to the friction element 52. The
first contact element 10 is moved along the axis 6 of the
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switch 1 until the piston 30 engages with the shield ac-
tuating element 53.

[0046] Towards the end of the firstopening movement,
the first contact element 10 separates from the second
contact element 20. Thereby, an arc is formed between
the second contact element 20 and the arcing contact
surface 11 in the arcing region 31. Further, the nominal
contact surface 12 of the first contact element 10 is
moved behind the shield 50 such that the first contact
element 10 and the shield 50 are in the shielding config-
uration. At the end of the first opening movement, the
piston 30 engages the shield actuating element 53 as
shown in Fig. 2B.

[0047] During the first opening movement, the electri-
cally insulating gas in the second region 4 may flow
through the opening 51 into the region between the piston
30 and the shield 50 such that the gas pressure is equal-
ized.

[0048] A second opening movement is performed
wherein the first contact element 10 continues to be
moved along the axis 6 of the switch in a direction away
from the second contact element 20. Piston 30, engaged
with the shield actuating element 53, causes the shield
50 to move along the axis 6 of the switch 1 with the first
contact element 10.

[0049] Movement of the first contact 10 continues until
the switch is completely opened, as shown in Fig. 1C.
The arc formed in the arcing region 31 is extinguished
by the pressurized quenching gas being forced through
the nozzle including the tube-shaped first contact ele-
ment 10 and the insulating tip 13. The nominal contact
surface 12 continues to be shielded from the second con-
tact element 20 by the shield 50, thereby suppressing
the re-ignition of an arc between the nominal contact sur-
face 12 and the second contact element 20 despite the
modified dielectric properties of the accumulating heated
insulating gas in the second region 4.

[0050] Similarly, as an example of a current make op-
eration, or an operation of closing the switch, the first
contact element 10 and the shield 50 are moved relative
to the second contact element 20.

[0051] A first closing movement is performed wherein
the first contact element 10 is moved along the axis 6 of
the switch 2 towards the second contact element 20. In
this first closing movement, the shield 50, due to the fric-
tion element 52, remains in a stationary position relative
to the second contact element 20. The first contact ele-
ment 10 is moved along the axis 6 of the switch 2 until
the first contact actuating element 14 engages with the
shield 50.

[0052] During the first closing movement, the electri-
cally insulating gas in the region between the piston 30
and the shield 50 may flow through the opening 51 into
the second region 4 such that the gas pressure is equal-
ized.

[0053] Towards the end of the first closing movement,
the relative movement of the first contact element 10
causes the first contact element 10 and the shield 50 to
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move from the shielded configuration to the exposed con-
figuration, wherein the nominal contact surface 12 is
moved from behind the shield 50 to be exposed to the
second contact element 20. At the end of the first closing
movement, the first actuating element 14 engages the
shield 50 as shown in Fig. 2D.

[0054] A second closing movement is performed
wherein the first contact element 10 continues to be
moved along the axis 6 of the switch in a direction towards
the second contact element 20. First actuating element
14, engaged with the shield 50, causes the shield 50 to
move along the axis 6 of the switch 2 with the first contact
element 10.

[0055] Movement of the first contact 10 continues until
the switch is completely closed, as shown in Fig. 1A. The
nominal contact surface 12 continues to be exposed to
the second contact element 20 by the shield 50, thereby
allowing an electrical connection to be made between
the nominal contact surface 12 and the second contact
element 20.

GENERAL PREFERRED ASPECTS OF THE INVEN-
TION

[0056] These advantages are not limited to the embod-
iments shown in Figs. 2a to 5, but the switch may be
modified in a plurality of ways. In the following, some
general preferred (i.e., optional) aspects of the invention
are described. The description uses the reference signs
of Figs. 1A-1D and 2A-2D for illustration, but the aspects
are not limited to this embodiment. Each of these aspects
can be used only by itself or combined with any other
aspect(s) described herein.

[0057] According to a further aspect of the invention,
the switch 2 may further include at least a gas outlet 32
for exhausting quenching gas from inside the housing 5
to outside the housing 5. The gas outlet 32 is positioned
in the housing 5 in the second region 4, and is configured
to vent a portion of the quenching gas from inside the
housing 5. During extinguishing of an arc generated in
the arcing region 31, the quenching gas is heated and
expands in the second region 4, which may allow a por-
tion of the heated quenching gas to flow through the
openings 51 in the shield 50. Venting this heated quench-
ing gasreduces the effect of the change in dielectric prop-
erties of the quenching gas during a current break oper-
ation to further suppress the re-ignition of an arc between
the nominal contact surface 12 and the second contact
element 20.

[0058] According to a further aspect of the invention,
the load break switch 1, 2 is of single-motion type. Ac-
cording to an aspect, the first contact element 10 is a
movable contact and can be moved along the axis 6 away
from the second contact element 20 for opening the
switch. The second contact element 20 may be station-
ary, for example, fixed to the housing 5. The first contact
element 10 is driven by a drive.

[0059] According to a further aspect, the first contact
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element 10 and second contact element 20 have a max-
imum contact separation of up to 150 mm, preferably up
to 110 mm, and/or of at least 10 mm, and preferably of
25t0 75 mm.

[0060] Accordingto afurtheraspect, the housing 5 has
a (radial) diameter of 40 to 80 mm, and/or a maximum
(axial) length of 40 to 200 mm.

[0061] Inafurtheraspect,the pressurizing system may
be configured for pressurizing the quenching gas during
the current breaking operation to a quenching pressure
Pquench < 1.8"Pg, Where po is the ambient (equilibrium)
pressure of the insulation gas in the bulk volume 6 of the
housing, and pg,ench is the (maximum overall) pressure
of the pressurized insulation gas, also referred to as
quenching gas, in the pressurizing chamber during the
current breaking operation. This condition on the quench-
ing pressure ensures that the flow of quenching gas is
subsonic, and at the same time limits the requirement of
the drive which usually delivers the work of pressurizing
the quenching gas.

[0062] More preferably the quenching pressure satis-
fies pquench < 115*pO or pquench < 1,3*[)0 oreven pquench
<1,1*py. Onthe other hand, the quenching pressure pref-
erably satisfies pyyench > 1,01*pg, so that the pressure
buid-up is sufficient for extinguishing the arc.

[0063] According to a further aspect, the quenching
pressure satisfies pyyench < Po + 800 mbar, preferably
Pquench < PO + 500 mbar, more preferably pq ench < PO +
300 mbar, and even more preferably pg ench < PO + 100
mbar. On the other hand, the quenching pressure pref-
erably satisfies pgyench > Pg + 10 mbar.

[0064] Typically the ambient pressure of the (bulk) in-
sulation gasin the housing pois <= 3 bar, more preferably
pg <= 1,5 bar, and even more preferably pg <= 1,3 bar.
[0065] A pressure difference meeting at least one of
these conditions allows not only for subsonic flow pattern
of the quenching gas but also keeps low the require-
ments, and hence the cost, of the drive of the switch.
These limits nevertheless still allow for reasonable arc
extinguishing properties within the ratings of a medium-
voltage load break switch. Typically po <= 3 bar, prefer-
ably py <= 1,5 bar, more preferably p, <= 1,3 bar.
[0066] These pressure conditions are very different
from typical flow conditions in high-voltage circuit break-
ers (rated voltage above 72 kV). In these high-voltage
circuit breakers (puffer and self-blast type), the flow con-
ditions are sonic in order to maximize the cooling of the
arc. Thereby a much higher pressure built-up, pgyench
considerably above 1,8*p, (and considerably above py
+ 800 mbar), is required. This imposes strong require-
ments on the drive of these high-voltage circuit breakers,
which are disadvantageous or even prohibitive, from a
cost standpoint, for the medium-voltage load breakers
considered here. These medium-voltage load breakers
are a completely different type of switch for completely
different applications, design and market than high-volt-
age circuit breakers.

[0067] Next, aspects regarding the insulation gas are
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described.

[0068] In a switch according to the present invention,
the electrically insulating gas may include SF6. SF6 has
excellent dielectric and arc quenching properties, and
has therefore been conventionally used in gas-insulated
switchgear. However, due to its high global warming po-
tential, there have been large efforts to reduce the emis-
sion and eventually stop the usage of such greenhouse
gases, and thus to find alternative gases by which SF6
may be replaced.

[0069] Such alternative gases have already been pro-
posed for other types of switches. For example,
W02014154292 A1 discloses an SF6 free switch with
an alternative electrically insulating gas. Replacing SF6
by such alternative gases is technologically challenging,
as SF6 has extremely good switching and insulation
properties, due to its intrinsic capability to cool the arc.
[0070] According to an aspect, the present configura-
tion allows the use of an alternative gas (e.g., as de-
scribed in WO2014154292 A1) having a global warming
potential lower than the one of SF6 in aload break switch,
even if the alternative gas does not fully match the inter-
ruption performance of SF6.

[0071] The electrically insulating gas preferably has a
global warming potential lower than the one of SF6 over
an interval of 100 years. The insulation gas may for ex-
ample comprise at least one background gas component
selected from the group consisting of CO,, O,, Ny, H,,
air, N,O, in a mixture with a hydrocarbon or an organoflu-
orine compound. For example, the dielectric insulating
medium may comprise dry air or technical air. The die-
lectric insulating medium may in particular comprise an
organofluorine compound selected from the group con-
sisting of: a fluoroether, an oxirane, a fluoramine, a fluor-
oketone, a fluoroolefin, a fluoronitrile, and mixtures
and/or decomposition products thereof. In particular, the
insulation gas may comprise as a hydrocarbon at least
CHy,, a perfluorinated and/or partially hydrogenated or-
ganofluorine compound, and mixtures thereof. The or-
ganofluorine compound is preferably selected from the
group consisting of: a fluorocarbon, a fluoroether, a fluor-
oamine, afluoronitrile, and afluoroketone; and preferably
is a fluoroketone and/or a fluoroether, more preferably a
perfluoroketone and/or a hydrofluoroether, more prefer-
ably a perfluoroketone having from 4 to 12 carbon atoms
and even more preferably a perfluoroketone having 4, 5
or 6 carbon atoms. The insulation gas preferably com-
prises the fluoroketone mixed with air or an air component
such as N, O,, and/or CO,.

[0072] In specific cases, the fluoronitrile mentioned
above is a perfluoronitrile, in particular a perfluoronitrile
containing two carbon atoms, and/or three carbon atoms,
and/or four carbon atoms. More particularly, the fluoron-
itrile can be a perfluoroalkylnitrile, specifically perfluoro-
acetonitrile, perfluoropropionitrile (C,F5CN) and/or per-
fluorobutyronitrile  (C3F;CN). Most particularly, the
fluoronitrile can be perfluoroisobutyronitrile (according to
formula (CF3),CFCN) and/or perfluoro-2-methoxypro-
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panenitrile (according to formula CF,CF(OCF3)CN). Of
these, perfluoroisobutyronitrile is particularly preferred
due to its low toxicity.

FURTHER ASPECTS

[0073] The switch may further include other parts such
as a drive, a controller, and the like, which may have
been omitted in the Figures and are not described herein.
These parts are provided in analog to a conventional me-
dium-voltage load break switch.

[0074] The load break switch may be used as a medi-
um-voltage load break switch. This includes the use as
a disconnector in a setting in which an arc cannot be
excluded, and/or as a switch-fuse combination switch.
[0075] The load break switch may be provided as a
part of a gas-insulated ring main unit. Thus, according to
a further aspect of the invention, a distribution network,
Ring Main Unit, or secondary distribution gas-insulated
switchgear is provided, having a load break switch as
described herein.

Claims

1. Gas-insulated medium-voltage switch (1, 2) com-
prising:

- a first contact element (10) having an arcing
contact surface (11) and a nominal contact sur-
face (12), wherein the first contact element (10)
is moveable along an axis (6) of the switch (1,
2) for opening and closing the switch (1, 2);

- a second contact element (20) configured to
make contact with the first contact element (10)
for closing the switch (1, 2); and

- a shield (50),

wherein the shield (50) and the first contact element
(10) are movable relative to each other along the
axis (6) between an exposing configuration and a
shielding configuration, such that the shield (50) and
the first contact element (10) are in the exposing con-
figuration when the switch (1, 2) is in a closed state
and in the shielding configuration during opening of
the switch (1,2),

wherein in the exposing configuration, the shield (50)
and the first contact element (10) are arranged to
expose the nominal contact surface (12) to the sec-
ond contact element (20), and in the shielding con-
figuration, the shield (50) and the first contact ele-
ment (10) are arranged to shield the nominal contact
surface (12) of the first contact element (10) from the
second contact element (20).

2. Switch (1, 2) according to claim 1, wherein the first
contact element (10) comprises an insulating tip (13)
at a distal axial position relative to the nominal con-
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tact surface (12).

Switch (1, 2) according to any of claims 1 and 2,
wherein the shield (50) defines a first region (3) and
a second region (4) of a housing (5), and wherein
the shield (50) further comprises at least an opening
(51) positioned closer to the periphery of shield (50)
than the axis (6) of switch (1, 2) for equalizing pres-
sure between the first region (3) and the second re-
gion (4).

Switch (1, 2) according to any of claims 1 to 3, where-
in the shield (50) is configured to be moved during
a current breaking operation along the axis (6) of the
switch (1, 2) between the exposing configuration and
the shielding configuration.

Switch (1, 2) according to any of claims 1 to 4, where-
in the shield (50) comprises a friction element (52)
positioned between the shield (50) and the housing

(5).

Switch (1) according to any of claims 1 to 5, wherein
the shield (50) comprises at least a shield actuating
element (53) and the first contact element (10) com-
prises at least a first contact actuating element (14),
wherein the shield actuating element (53) engages
with at least one of the first contact element (10) and
the first contact actuating element (14) to move
shield (50).

Switch (1, 2) according to any of claims 1 to 6, where-
in the first contact element (10) forms a tube, the
second contact element (20) forms a pin, the first
and second contact elements defining an arcing re-
gion (31), and the second contact element (20) is
configured to insert into the first contact element (10)
when the switch (1, 2) is in a closed state, wherein
the arcing contact surface (11) is an inner surface of
the tube and the nominal contact surface (12) is an
outer surface portion of the tube, wherein the shield
(50) extends outwardly from the nominal contact sur-
face (12) in a radial direction, and an inner surface
of the shield (50) is in sliding contact with the nominal
contact surface (12).

Switch (2) according to claim 7, further comprising:

- a piston (30) for pressurizing a quenching gas
during the current breaking operation,

wherein the piston is configured to compress the
quenching gas, the compressed quenching gas
blowing through the inside of the first contact element
(10) and the insulating tip (13) in an axial direction
towards the second contact element (20) to extin-
guish the arc formed in the arcing region (31).
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Switch (2) according to claim 8, further comprising
at least a gas outlet (32) for exhausting quenching
gas from inside the housing (5) to outside the housing

(5).

Switch (2) according to any of claims 8 and 9, where-
inthe shield (50) comprises atleasta shield actuating
element (53), wherein the shield actuating element
(53) engages with at least one of the first contact
element (10) and the piston (30) to move the shield
(50).

Switch (1, 2) according to any of claims 1 to 10,
wherein the switch (1, 2) is configured for a rated
system voltages in a range of 1 to 72 kV, and for up
to 2000 A rated current.

Switch (1, 2) according to any of claims 1 to 11,
wherein the switch (1, 2) is a load break switch.

Distribution network, Ring Main Unit or secondary
distribution switchgear having a load break switch
(1, 2) according to claim 12.

Method (3) of performing a current breaking opera-
tion by a switch (1, 2) comprising a first contact ele-
ment (10), a second contact element (20) and a
shield (50), the first contact element (10) having an
arcing contact surface (11) defining an arcing region
(31) and a nominal contact surface (12), wherein the
shield (50) and the first contact element (10) are mov-
able relative to each other along an axis (6), the
method comprising:

- a first movement (301) of separating the first
contact element (10) from the second contact
element (20) by relative movement away from
each other along the axis (6) of the switch (1, 2)
so that an arcis formed in the arcing region (31);
- a second movement (302) of moving the first
contact element (10) and the shield (50) relative
to each other from an exposing configuration
wherein the nominal contact surface (12) is ex-
posed to the second contact element (20) to a
shielding configuration wherein the nominal
contact surface (12) is shielded from the second
contact element (20); and

- starting a shielding (303) of the nominal contact
surface (12) from the second contact element
(20) during opening of the switch (1, 2).

Method (3) according to claim 14, further comprising:

- compressing (304) a quenching gas; and

- blowing (305) the quenching gas through the
first contact element (10) in an axial direction
towards the second contact element (20) to ex-
tinguish the arc formed in the arcing region (31).
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