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HIGH-VOLTAGE SWITCHING DEVICE

The present disclosure relates to a high-voltage switching device, i.e. for
applications with rated voltage above 1 kV.

As well known in the art, electric grids for transmitting and/or distributing
power to various loads and users are equipped with various switching devices;
such switching devices, typically current interrupters or circuit breakers, have
the main task of properly protecting the grid in which they are used as well as
various loads and equipment connected therewith from damages which may be
caused for example by electrical faults, e.g. short circuits.

To this end, a typical circuit breaker comprises an interruption chamber with
current interruption mechanisms constituted by at least one fixed contact and a
corresponding moving contact; when a fault occurs, the circuit breaker or
interrupter is opened by suitable actuating mechanisms which cause the
movable contact to electrically separate from the fixed contact, thus interrupting
the flow of current.

During opening, the mutual separation of the contacts is accompanied by the
generation of an electric arc between the two contacts which should be
extinguished as quickly as possible.

To face this issue, different solutions have been implemented over the years.
One of the most practised solutions foresees the use of compressed gaseous
substances inside the interrupting chamber, such as nitrogen, noble gases, air,
sulphur hexafluoride (SFs) and mixtures thereof. But with these substances it is
indispensable to use devices for monitoring the pressure of the gas used and for
replenishing it in order to maintain the dielectric performance of the switching
device; further, it is necessary to adopt safety systems in order to avoid and/or
indicate any loss outside the device. This obviously affects the constructive
complexity of the circuit breaker and its overall reliability.

In addition, some such gases represent a major concern about environmental
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issues, in particular as regard to SFe and its negative impact on the greenhouse
effect.

Manufactures have also developed a different current interruption technology
where the contacts are positioned and separate from each other inside a vacuum
interruption chamber; in practice the vacuum interruption chamber surrounds a
sealed space inside which a vacuum atmosphere is created and where the
contacts separate.

This type of interruption technology does not have the above mentioned
environmental issues.

On the other hand, in order to increase the overall dielectric withstand of a
switching device there have been proposed various solutions using two or more
vacuum chambers or vacuum circuit breakers within the same switching device;
however, these solutions introduce other issues to be faced, such as complexity
of the mechanisms used to actuate the various contacts as well as of
coordination of their movement, overall size of the device which may become
rather voluminous and cumbersome, repeatability of manoeuvres, robustness
and reliability of the actuating mechanism, cost of its realization, ease of
assembly, installation and maintenance, et cetera.

The present disclosure is aimed at facing at least some of the above mentioned
issues and provides in particular a high voltage switching device comprising:

- an outer casing;

- at least a first vacuum current interrupter having a first fixed contact and an
associated first movable contact, and a second vacuum current interrupter
having a second fixed contact and an associated second movable contact, said
first and second vacuum interrupters being positioned inside said outer casing
and electrically connected in series to each other;

- an actuating mechanism for actuating both said first and second movable

contacts between a first closed position in which said first movable contact and
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said second movable contact are electrically coupled with said first fixed
contact and said second fixed contact, respectively, and a second open position
in which said first movable contact and said second movable contact are
electrically separated from said first fixed contact and said second fixed contact,
respectively, wherein said actuating mechanism comprises a single drive unit
for supplying the energy required to move said first and second movable
contacts, and transmission means for transmitting said energy to said first and
second movable contacts, said transmission means comprising at least one
flexible transmission element selected from the group consisting of a
transmission belt or chain drive which is actuated by said drive unit and
operatively links the movement of said first and second movable contacts.
Further characteristics and advantages will become apparent from the
description of some preferred but not exclusive exemplary embodiments of a
high-voltage switching device according to the present disclosure, illustrated
only by way of non-limitative examples with the accompanying drawings,
wherein:

Figures 1 and 2 are side views partially showing a possible embodiment of a
high- voltage switching device according to the present disclosure with the
contacts 1n a first closed position and in a second open position, respectively;
Figures 3 and 4 are a side view and a top view, respectively, schematically
illustrating some components used according to a possible embodiment of a
high voltage switching device according to the present disclosure;

Figures 5 and 6 are a side view and a top view, respectively, schematically
illustrating some components used according to another possible embodiment of
a high voltage switching device according to the present disclosure;

Figures 7 and 8 are a side view and a top view, respectively, schematically
illustrating some components used according to yet a further possible

embodiment of a high voltage switching device according to the present
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disclosure;

Figures 9 and 10 schematically represent two further possible embodiment of a
high voltage switching device according to the present disclosure;

Figures 11-14 are schematic representations of possible eccentric mechanisms
which can be used in a high voltage switching device according to the present
disclosure;

Figure 15 is a schematic view representing a possible end-stroke mechanism
which can be used in a high voltage switching device according to the present
disclosure.

It should be noted that in the detailed description that follows, identical or
similar components, either from a structural and/or functional point of view,
have the same reference numerals, regardless of whether they are shown in
different embodiments of the present disclosure; it should also be noted that in
order to clearly and concisely describe the present disclosure, the drawings may
not necessarily be to scale and certain features of the disclosure may be shown
in somewhat schematic form.

With reference to the figures, the high voltage switching device according to the
present disclosure, indicated by the overall reference 100, comprises an outer
casing 1, such as for example a metal-clad casing, i.e. it is electrically
conducting and can be connected to ground potential, or alternatively it can be a
live tank or an insulating casing.

As it will be described in more details hereinafter, inside the casing 1 there are
positioned current interruption devices or units, and in particular at least a first
vacuum current interrupter or unit 10, and a second vacuum current interrupter
or unit 11.

Further, in the exemplary embodiment of figures 1-2 the casing 1 is connected
for instance to two bushings 2 each housing a respective conductor, e.g. a bar or

rod 3; the bars 3 are connected each to a corresponding terminal 4, with each
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terminal 4 connected operatively to the corresponding vacuum interrupter 10 or
11, respectively. In practice, the bars 3, terminals 4 and related connections
between them and with the vacuum interrupters 10, 11 allow to realize
input/output electrical connections of the switching device 100 for example
with an external power line, with the current flowing through the interrupters
10, 11 according to solutions well known or readily available to those skilled in
the art and therefore not described herein in details.

In the embodiments illustrated, the first vacuum interrupter 10 comprises a first
fixed contact 31 and an associated first movable contact 41 which are
positioned inside a first vacuum chamber 13, and the second vacuum current
interrupter 11 comprises a second fixed contact 32 and an associated second
movable contact 42 which are positioned inside a second vacuum chamber 14;
the first and second vacuum interrupters 10, 11 are positioned inside the outer
casing 1 and are electrically connected in series to each other.

The switching device 100 comprises an actuating mechanism adapted to actuate
both the first movable contact 41 and the second movable contact 42 between: a
first position in which the first movable contact 41 and the second movable
contact 42 are electrically coupled (inside the respective vacuum chamber 13,
14) with the first fixed contact 31 and the second fixed contact 32, respectively
(see for example figure 1 where the switching device 100 is in closed position);
and a second position in which the first movable contact 41 and the second
movable contact 42 are electrically separated (inside the respective vacuum
chamber 13, 14) from the first fixed contact 31 and the second fixed contact 32,
respectively. Such separated position is schematically shown in figure 2 where
the switching device 100 is opened and the flow of current through it is
interrupted.

The actuating mechanism of the switching device 100 comprises a single drive

unit 40 for supplying the energy required to move both the first and second
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movable contacts 41, 42, and transmission means, globally indicated by the
reference number 50, for transmitting the mentioned required energy to the first
and second movable contacts 41, 42. In particular, the transmission means 50
comprise at least one flexible transmission element 55 selected from the group
consisting of a transmission belt or chain drive which is actuated by the drive
unit 40 and operatively links to each other the movement of the first and second
movable contacts 41, 42.

One or more tensioning devices, schematically indicated in the figures by the
reference number 5, are provided and operatively associated to the transmission
belt or chain drive 55 for properly tensioning it, at the time of initial
installation, as well as during its working life.

In the exemplary embodiments illustrated in figures 1-6, the first and second
vacuum interrupters 10, 11 are for example positioned back-to-back, namely the
two vacuum interrupters 13 and 14 are arranged such that the two fixed contacts
31 and 32 are next to one another.

In this embodiment, the movable contacts 41, 42 when actuated by the actuating
mechanism, move along a reference axis 101, one towards the other when
switching from the second position illustrated in figure 2 to the first position of
figure 1, and one away from the other when switching from the first position
(starting position illustrated in figure 1) to the second position illustrated in
figure 2.

In the exemplary embodiment of figures 7-8, the vacuum interrupters 10, 11 are
positioned inside the outer casing 1 in the so-called candle-stick arrangement,
namely, there is an alternation of a fixed contact and a correspondingly
associated movable contact along the reference axis 101; in practice, according
to this layout, when actuated, the movable contacts 41, 42 move along the axis

101 all in the same direction either when separating (e.g. towards the left side)
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from the corresponding fixed contacts 31, 32 or when coupling with them (e.g.
towards the right side).

Preferably, the actuating mechanism of the switching device 100 according to
the present disclosure is arranged to self-lock the first and second movable
contacts 41, 42 at least in the first closed position, more preferably in both the
first closed position and the second open position.

With the above definition of self-lock (or self-hold), it is hereby meant that the
actuating mechanism, through its various components, as they will be described
in the following, is capable of assuming an overall position suitable to keep the
movable contacts in the first closed position or the second open position alone
and without the need of a constraining force exerted by the drive unit 40, nor of
any additional latching mechanism or similar position-locking devices.

In particular, as illustrated for example in figures 3-6, the transmission means
comprise at least a first wheel 51 and a second wheel 52 which are spaced apart
from each other and mounted to rotate, under the action of the drive unit 40,
about two respective fixed axes 53, 54, and the transmission belt or chain drive
55 is looped around the first and second wheels 51, 52.

Further, in the various embodiments illustrated in figures 3-10, the transmission
means 50 comprise a first mechanism 20 converting the rotational movement of
the transmission belt or chain drive 55 into a linear movement of the first
movable contact 41 along the axis 101; in the embodiments illustrated the
transmission means further comprise a second such mechanism 21 which is
operatively connected, e.g. mechanically, to the second movable contact 42 and
to the transmission belt 55 or chain drive 55 so as to cause the linear movement
of the second movable contact 42

Preferably these two mechanisms 20, 21 have the same mechanical
construction.

Figure 11 schematically represents a crank-slider mechanism 20 or 21.
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More preferably, the two mechanisms, 20, 21 are eccentric mechanisms; with
the definition of eccentric mechanism it is hereby meant a mechanism formed
by one or more components at least one of which components, e.g. a disk, wheel
cam, or like elements, is mounted rotating around an axis which is offset with
respect to the center of the component itself.

In particular, in the switching device according to the present disclosure, the
first and second mechanisms 20, 21 are each of the cam-follower type, as
llustrated in figures 12-14. In particular, each mechanism 20 or 21 comprises a
cam element 22 which is for instance mounted rotating about an axis 15 and
constitutes the eccentric element, and a follower 23 which can be a flat follower
(figure 13) or a roller (figure 14). Each mechanism is mechanically connected to
the associated movable contact (as well as to other components of the actuating
mechanism) according to solutions readily available to those skilled in the art
and therefore not described in details herein. For example, one or more links or
rods can be used, with or without associated springs.

According to the exemplary embodiment illustrated in figures 3-4, the drive unit
40 is mounted to rotate a drive output axis 43, for example a shaft or equivalent
rotating element connected to the drive unit 40 itself; the first wheel 51 is
mounted rotating about the same drive output axis 43, namely the first axis 53
of the first wheel 51 and the rotating axis 43 of the drive unit 40 coincide.
According to the exemplary embodiment illustrated in figures 5-6, the drive unit
40 1s mounted to rotate a drive output axis 43 which is substantially parallel to -
and placed between and at the same distance from - the two respective axes 53,
54 of rotation of the first and second wheels 51, 52; in this embodiment, the
transmission means 50 further comprise a third wheel 56 mounted rotating
about the drive output axis 43 and the transmission belt or chain drive 55 is

looped around the first, second and third wheels 51, 52, 56.
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In this way, the two lateral wheels 51 and 52 are mounted symmetrically with
respect to the drive unit 40 and the associated third wheel 56; accordingly, the
two movable contacts 41, 42 can be moved substantially synchronously to each
other.

The transmission belt or chain drive 55 and the wheels 51, 52 (and when present
third wheel 56) around which the belt or chain drive 55 is looped around can be
mounted inside the outer casing 1 or outside it; in the latter case, the initial
installation and adjustment, as well as maintenance interventions, are simplified
to a certain extent.

Preferably, the flexible transmission element 55 is a timing belt 55, namely a
synchronous drive belt or toothed drive belt and the first wheel 51, the second
wheel 52 and when present the third wheel 56, are pulleys, e.g. toothed pulleys.
For example, the transmission timing belt 55 can be that commercially available
under the name of POLY CHAIN® GT CARBONT™; in any case, any belt
suitable for the application can be used, such as those made of fiber reinforced
materials, e.g. Kevlar reinforced or glass fiber reinforced ones, as well as other
suitable materials. In case the belt is located outside the casing 1 of a dead tank
breaker, steel reinforced belts can also be used.

Alternatively, the flexible transmission element 55 can be a chain drive of any
suitable type available on the market and in this case the first wheel 51, the
second wheel 52 and when present the third wheel 56, are gearwheels. Also in
this case, if the chain drive 55 is located outside the casing 1 of a dead tank
breaker, steel reinforced chains can be used.

Preferably, the drive unit 40 is mounted to rotate the drive output axis 43 of
about 180° when moving the first and second movable contacts 41, 42 from the
closed position to the open position, and also again of 180° when moving the
first and second movable contacts 41, 42 from the open position to the closed

position; more preferably, the drive unit 40 is mounted to rotate its drive output

9
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axis 43 in one direction only, namely it moves the component schematically
represented by the axis 43 always and only clockwise or counterclockwise.

For example, the two schematic mechanisms illustrated in figures 11 and 12
show the sequence of opening-closing operations with unidirectional rotation in
the same direction for both operations.

Further, according to this embodiment, each cam element 22 of the cam-
follower type eccentric mechanisms 20, 21 preferably comprises a first cam
profile 24 (e.g. upper half outer profile of the cam element 22) shaped to adjust
the travel path of the associated first/second moving contacts 41, 42 when
moving from the closed position to the open position, and a respective second
cam profile 25 (lower half outer profile of each cam element 22) shaped to
adjust the travel path of the associated first and second moving contacts 41, 42
when moving from the open position to the closed position.

The drive unit 40 can comprise an electric rotating motor or a spring operated
motor.

For example the drive unit 40 can be constituted by any suitable motor already
available on the market; for example the motor can be selected from the
MotorDrive series models MD1.n, such as the model MD1.3, or the type
BLKS2, or the ESH9 commercialized by the ABB® Group.

Alternatively, the drive unit 40 can comprise a flat torsion spring as a drive,
schematically illustrated in figure 15; in this case, an end-stroke mechanism 70
1s used just to stop and release the rotation of the clock spring drive 40 when the
movable contacts 41, 42 reach the corresponding end-stroke closed or open
position.

In practice, when for example the switching device 100 has to close, the drive
unit 40 (e.g. in the form of an electric rotating motor) rotates clockwise of 180°
(or counterclockwise) and transmit the movement thorough the transmission

means 50 (and in particular, the eccentric mechanisms 20, 21 and the belt or

10
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chain drive 55 with the associated wheels 51, 52) to the movable contacts 41,
42. In this way, the movable contacts 41, 42 slide along the reference axis 101
(and perpendicularly with respect to the rotation axis of the motor 40) one
towards the other until they arrive to touch each the respective fixed contact 31,
32 (position of figure 1). In this status, the mutual position of the various
components of the actuating mechanism is such that the contacts can be kept in
the reached position without the need of having a biasing force exerted by the
motor 40 or without the need of any latch. When it is necessary to open the
switching device, the motor 40 rotates of 180° again in the same direction, e.g.
clockwise; likewise, the movement is transmitted through the transmission
means 50 (and in particular, the eccentric mechanisms 20, 21 and the belt 55
with the associated wheels 51, 52) to the movable contacts 41, 42. In this way,
the movable contacts 41, 42 slide along the reference axis 101 (and
perpendicularly with respect to the rotation axis of the motor 40) one away from
the other until they arrive at the end of their stroke (position of figure 2).

It has been found that the switching device 100 according to the present
disclosure offers some improvements over prior art solutions; indeed, thanks to
the configuration and mutual position of its various elements.

Such results are achieved thanks to a solution which in principle makes the
switching device 100 according to the present disclosure easy to be used in
connection with different types of electric substations.

Hence, the present disclosure also encompasses an electric power distribution
and/or transmission substation characterized in that it comprises a high voltage
switching device 100 of the type previously described and as defined in the
appended claims. Clearly more than one switching device 100 can be used in a
single substation.

The switching device 100 thus conceived 1s susceptible of modifications and

variations, all of which are within the scope of the inventive concept as defined
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in particular by the appended claims; any possible combination of the
previously disclosed embodiments/alternatives can be implemented and has to
be considered within the inventive concept of the present disclosure; all the
details may furthermore be replaced with technically equivalent elements. For
example, any of the previously described components may be differently
shaped, or used in a different number or parts or elements, or the components
previously described can be differently connected with respect to each other.
For instance, the bushings 2 can be omitted, and the switching device 100 can
assume the form of a typical high-voltage circuit breaker; it is possible to use
only one vacuum chamber, i.e. the two vacuum chambers 13, 14 can be
“merged” into a single one defining a unique internal space under vacuum
inside which the two couple of contacts 41-31 and 42-32 couple/separate; or it
would be possible to use a separating wall positioned transversally with respect
to the axis 101 and which divides the internal space under vacuum of the
chamber into two separated half spaces each devoted to coupling/separation of a
respective couple of contacts 31-41, 32-42. It is possible to have a drive unit 40
rotating of 180° in one direction (e.g. clockwise) when for example separating
the contacts, and of 180° in the opposite direction (e.g. counterclockwise) when
coupling the contacts; in this case, the parts of the transmission belt or chain
drive 55 never touching the associated wheels 51, 52 (and when present 56),
can be replaced by rigid rods, thus increasing stiffness.

The device 100 can comprise more than two current interrupters, as for example
illustrated schematically in figures 7-8 where there are illustrated three
interruption units each comprising a fixed contact and an associated movable
contact; in this case, for each additional movable contact illustrated, the
transmission means 50 can comprise an additional mechanism, e.g. eccentric of
the type above described, operatively connected to a corresponding additional

wheel and with the transmission belt or chain drive looped around it as well.
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Further, one or more of the wheels illustrated can take the shape of a disk, or
even it is possible that it is constituted by a portion of a rotating shaft which
connected to the drive unit (i.e. the shaft constitutes the drive output axis) and
whose outer profile is properly designed to couple with the belt 55.

In addition, the switching device 100 and related components above described
can be used according to different constructive arrangements; for example,
figures 9 and 10 illustrate schematically two possible embodiments of a three-
phase switching device 100. For example figure 10 illustrates an embodiment
where a unique transmission belt 55 is used for all the movable contacts of all
phases and 1s looped around all wheels present. Figure 9 instead illustrates an
embodiment where there is one transmission belt 55 for each phase and the belts
of the various phases are operatively interconnected to each other and to the
drive unit 40 by means of a second transmission belt 550. In these
embodiments, there could be a unique outer casing 1 or there could be an outer
casing 1 for each phase.

Also the materials used, so long as they are compatible with the specific use and
purpose, as well as the dimensions, may be any according to the requirements

and the state of the art.
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CLAIMS
A high-voltage switching device (100) comprising:
- an outer casing (1);
- at least a first vacuum current interrupter (10) having a first fixed
contact (31) and an associated first movable contact (41), and a second
vacuum current interrupter (11) having a second fixed contact (32) and an
associated second movable contact (42), said first and second vacuum
interrupters being positioned inside said outer casing (1) and electrically
connected in series to each other;
- an actuating mechanism for actuating both said first and second
movable contacts (41, 42) between a first closed position in which said
first movable contact (41) and said second movable contact (42) are
electrically coupled with said first fixed contact (31) and said second
fixed contact (32), respectively, and a second open position in which said
first movable contact (41) and said second movable contact (42) are
electrically separated from said first fixed contact (31) and said second
fixed contact (32), respectively, wherein said actuating mechanism
comprises a single drive unit (40) for supplying the energy required to
move said first and second movable contacts (41, 42), and transmission
means (50) for transmitting said energy to said first and second movable
contacts (41, 42), said transmission means (50) comprising at least one
flexible transmission element (55) selected from the group consisting of a
transmission belt or chain drive which is actuated by said drive unit (40)
and operatively links the movement of said first and second movable
contacts.
A high-voltage switching device (100) according to claim 1, wherein said

actuating mechanism is arranged to self-lock said first and second
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movable contacts (41, 42) in said first closed position and in said second
open position.

A high-voltage switching device (100) according to one or more of claims
1-2 wherein said transmission means comprise at least a first wheel (51)
and a second wheel (52) which are spaced apart from each and other and
mounted to rotate about two respective fixed axes (53, 54) and wherein
said at least one transmission belt or chain drive (55) is looped around
said first and second wheels (51, 52).

A high-voltage switching device (100) according to one or more of the
previous claims wherein said transmission means further comprise a first
mechanism (20) operatively connected to said first movable contact (41)
and to said transmission belt or chain drive (55) and a second mechanism
(21) operatively connected to said second movable contact (42) and to
said transmission belt (55), and wherein said first and second mechanisms
(20, 21) are substantially identical to each other.

A high-voltage switching device (100) according to claim 4 wherein said
first and second mechanisms (20, 21) comprise each an eccentric.

A high-voltage switching device (100) according to one or more of the
previous claims wherein said drive unit (40) is mounted to rotate a drive
output axis (43) and said first wheel (51) is mounted rotating about the
same drive output axis (43).

A high-voltage switching device (100) according to one or more of the
claims 1-5 wherein said drive unit (40) is mounted to rotate a drive output
axis (43) which is substantially parallel to and placed between and at the
same distance from the two respective axes (53, 54) of rotation of said
first and second wheels (51, 52), and wherein said transmission means

(50) comprise a third wheel (56) mounted rotating about said drive output
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axis (43) with said transmission belt or chain drive (55) looped around
said first, second and third wheels (51, 52, 56).

A high-voltage switching device (100) according to one or more of the
previous claims wherein said drive unit (40) is mounted to rotate said
drive output axis (43) by about 180° either when moving said first and
second movable contacts (41, 42) from the closed position to the open
position or when moving said first and second movable contacts (41, 42)
from the open position to the closed position.

A high-voltage switching device (100) according to one or more of the
previous claims wherein said drive unit (40) is rotating said drive output
axis (43) in one direction only.

A high-voltage switching device (100) according to one or more of the
previous claims wherein said first and second mechanisms (20, 21) are of
the cam-follower type.

A high-voltage switching device (100) according to claim 10, wherein
each cam element (23) of said cam-follower type mechanisms (20, 21)
comprises a respective first cam profile (24) shaped to adjust the travel
path of the associated first and second moving contacts (41, 42) when
moving from the closed position to the open position, and a respective
second cam profile (25) shaped to adjust the travel path of the associated
first and second moving contacts when moving from the open position to
the closed position.

A high-voltage switching device (100) according to one or more of the
previous claims wherein said transmission belt or chain drive (55) and the
wheels (51, 52, 56) around which the belt is looped around are mounted

outside said outer casing (1).
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A high-voltage switching device (100) according to one or more of the
previous claims wherein it comprises one or more tensioning devices (5)
for tensioning said transmission belt or chain drive (55).

A high-voltage switching device (100) according to one or more of the
previous claims wherein said transmission belt (55) is a timing belt and
said first wheel (51), second wheel (52) and when present third wheel
(56) are pulleys.

A high-voltage switching device (100) according to one or more of the
claims 1-13 wherein said first wheel (51), second wheel (52) and when
present third wheel (56) are gearwheels with said chain drive (55) looped
around them.

A high-voltage switching device (100) according to one or more of the
previous claims wherein said drive unit comprises an electric rotating
motor.

A high-voltage switching device (100) according to one or more of the
previous claims wherein said drive unit comprises a flat torsion spring,
and wherein it further comprises an end-stroke mechanism (70) for
stopping the rotation of said flat torsion spring when said first and second
movable contacts have reached the corresponding end-stroke closed or
open position.

An electric power distribution and/or transmission substation
characterized in that it comprises a high voltage switching device

according to one or more of the preceding claims.
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