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SYSTEM

(57)  The invention relates to a control system (1) for
at least a first switch. The control system (1) comprises
a a control arm (10) mounted for displacement between
a first and a second position in first direction (19), the
control arm (10) comprising a first end (11) configured to
be connected to a drive system and a second end (12)
opposite the first end (11) and a first connecting arm (20)
mounted for displacement along a second direction (29)
that traverses the first direction (19), the first connecting
arm (20) comprising a first end (21) for connection to the
first switch and a second end (22) opposite to the first
end. The control system further comprises at least a first
sliding element (30) comprising a first track (31) and
mounted for displacement in one of the first and the sec-
ond directions (19, 29). The second end (12, 22) of the
one of the control arm (10) or the first connecting arm
(20) which is displaceable in the same direction as the
first sliding element (30), is configured to engage with
the first track (31) and is constrained for movement in
same direction as the first sliding element (30). The sec-
ond end (22, 12) of the other of the control arm (10) and
the first connecting arm (20) is arranged to move inte-
grally with the first sliding element (30).

CONTROL SYSTEM FOR A SWITCH AND A SUBSTATION COMPRISING SUCH A CONTROL

60

31

61B
50~

19

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 547 341 A1 2

Description
TECHNICAL DOMAIN

[0001] The invention relates on the high voltage circuit
breakers and the control systems used for opening and
closing such circuit breakers.

PREVIOUS ART

[0002] Usually, in a high voltage substation, opening
and closing of a circuit breaker is achieved by use of a
control system in conjunction with a drive motor.

[0003] Such a control system commonly comprises:

- acontrol arm mounted for displacement between a
first and a second position in a first direction, the
control arm comprising a first end configured to be
connected to a drive system, such as a spring mech-
anism, and a second end opposite the first end,

- atleast one connecting arm mounted for displace-
ment in a second direction that traverses the first
direction, the at least one connecting arm comprising
a first end configured to be connected to the circuit
breaker and a second end opposite to the first end,

- connecting rods configured to connect the second
end of the control arm with the first end of the at least
one connecting arm in such a way to transfer the
movement of the control arm to the at least one con-
necting arm.

[0004] Such a configuration does not provide areliable
connection between the drive system and the circuit
breaker. Since the ratio in displacement between the con-
trol arm and the at least one connecting arm is constant,
itis not possible to vary this in order to optimize the open-
ing and the closing of the circuit breaker. Furthermore,
with such a configuration, there is always a rebound effect
on closing of the circuit breaker which disturbs the closing
operation thereof.

[0005] To solve these such issues, the document WO
2014/198290 proposes to use a rotational cam and a
casing for connecting the drive system to the circuit
breaker. With such configuration, it is possible to adapt
the shape of the rotational cam to provide a variable ratio
of displacement between the control arm and the con-
necting arm during opening and closing operation of the
circuit breaker. However, with such rotational cam, it is
difficult to obtain a high closing speed of the circuit and
the rebound effect still arises.

PRESENTATION OF THE INVENTION

[0006] The present invention aims to resolve these
aforementioned drawbacks. Itis an object of the invention
to provide a control system that allows a variable ratio of
displacement between the control arm and the at least
one connecting arm during the closing and the opening
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operation of the circuit breaker, and in particular, a control
system that allows the circuit breaker to be closed at an
appropriate speed so as to suppress any rebound effect.
[0007] Inafirstaspect,theinventionresidesina control
system for at least a first switch, the control system com-
prising:

a control arm mounted for displacement between a
first and a second position in first direction, the con-
trol arm comprising a first end configured to be con-
nected to a drive system and a second end opposite
the first end,

- a first connecting arm mounted for displacement
along a second direction that traverses the first di-
rection, the first connecting arm comprising a first
end for connection to the first switch and a second
end opposite to the first end,

the control system further comprising:

atleast afirst sliding element comprising afirst track
and mounted for displacement along one of the first
and the second directions,

wherein the second end of one of the control arm or the
first connecting arm which is displaceable in the same
direction as the first sliding element, is configured to en-
gage with the first track and is constrained for movement
in same direction as the sliding element; and

wherein the second end of the other of the control arm
and the first connecting arm is arranged to move inte-
grally with the first sliding element.

[0008] With such control system, the kinetics of the
closing/opening of the switch is controlled by the angular
orientation of the track. Hence, it is design the track so
to optimize the terminal velocity of the closing of the
switch in such away so as to suppress the rebound effect.
[0009] Furthermore, such a control system is particu-
larly interesting for a T-configuration in which the control
arm in mounted for displacement along a first direction
and at least the first switch comprises a mobile contact
displaceable along the second direction which is perpen-
dicular to the first direction.

[0010] The control system may control both a first
switch and a second switch and may further comprise:

- a second connecting arm configured for displace-
ment in a second direction, the second connecting
arm comprising a first end configured to connect to
the second switch and a second end opposite the
first connecting end,

- asecond sliding element comprising a second track
and mounted for displacement in the same direction
as the first sliding element.

- wherein the second end of one of the control arm or
the second connecting arm which is displaceable in
the same direction as the first sand second sliding
elements, is configured to engage with the second
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track and is constrained for movement in same di-
rection as the first and second sliding elements; and

wherein the second end of the other of the control arm
and the second connecting arm is arranged to move in-
tegrally with the second sliding element.

[0011] With such a configuration, it is possible to con-
trol the opening of two different switches with adapted
opening and closing kinetics for each.

[0012] In another embodiment, where the control sys-
tem is arranged for the control of two switches, the first
end of the first connecting arm may also be connected
to the second switch.

[0013] The control system may further comprise a
transmission mechanism for connecting the first end of
the connecting arm with the first and the second switch.
The transmission mechanism may comprise at least first
and second moving parts configured to move in opposite
directions when the first connecting arm is moved along
the second direction.

[0014] The first end of the connecting arm may com-
prise a toothed bar portion,

wherein the transmission mechanism comprises for each
of the first and second switch:

- atoothed gear configured to engage with the toothed
bar portion,

- atoothed bar configured to engage with the toothed
gear and to be connected to the respective switch.

[0015] With such configuration, it is not necessary to
provide two connecting armsforthe opening and the clos-
ing of the first and second switches. This is particularly
beneficial when the drive system and the switches are
distant from one another.

[0016] In an alternative embodiment, for controlling
first and second switches, the first sliding element com-
prises a second track. In this embodiment, the control
system further comprises:

- asecond connecting arm mounted for displacement
in the opposite direction to that of the first connecting
arm, the second connecting arm comprising a first
end configured for connection to the second switch
and a second end opposite the first end,

wherein the second connecting arm is constrained for
movement in the same direction as the first connecting
arm and wherein the second end thereof is configured
to engage in the second track.

[0017] With such configuration, it is possible to open
and close the first and second switch with the exact same
kinetics.

[0018] Theinvention also relates to a high voltage sub-
station comprising:

- acontrol system as described above, and
- a switch connected to the first end of the first con-
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necting arm.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments of the present invention will now
be described in more detail with reference to the accom-
panying drawings in which:

- Figure 1 shows a perspective view of a control sys-
tem of the present invention, the control system be-
ing configured for the opening of a first and a second
circuit breaker,

- Figure 2 shows a perspective view of the control sys-
tem of the presentinventionin which a housing there-
of has been removed to show firstand second sliding
elements,

- Figure 3 shows a partial perspective view of a control
system according to a second embodiment of the
present invention comprising a single sliding ele-
ment, with only a partial view of a connecting arm
being shown,

- Figure 4 shows a partial front view of a control system
according to the second embodiment of the invention
showing a first end of a connecting arm configured
for connection to the first and second circuit break-
ers.

[0020] In the different drawings, the same numerical
references are used to denote the same or similar com-
ponents to facilitate understanding of the invention.

DESCRIPTION OF PARTICULAR EMBODIMENTS

[0021] Figure 1 shows a control system 1 of the inven-
tion configured for connection of a first and a second
circuit breaker (not shown) to a drive system (not shown).
[0022] The control system 1 of the invention compris-
es:

- ahousing 60,

- a control arm 10 configured for movement in a first
direction 19 between a first and second position, the
control arm 10 comprising a first end 11 connected
to the drive system and a second end 12 opposite
the first end 11,

- afirst connecting arm 20 configured for movement
in a second direction 29 traversing the first direction
19, the first connecting arm 20 comprising a first end
21 connected to the first circuit breaker and a second
end 22 opposite the first end 21,

- a second connecting arm 40 configured for move-
ment in the second direction 29, the second connect-
ing arm 40 comprising a first end 41 connected to
the second circuit breaker and a second end 42 op-
posite the first end 41,

- afirst sliding element 30 comprising a first track 31
and being configured to move in the first direction 19,

- a second sliding element 50 comprising a second
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track 51, the second sliding element 50 configured
to move in the first direction 19.

[0023] The controlarm 10is constrained for translation
in the first direction 19, having its second end engaged
in the first and second tracks 31 and 51. The second
ends 22, 42 of the first and second connecting arms 20,
40 are arranged to move integrally with the first and the
second sliding elements 30, 50 respectively.

[0024] Thecontrolarm 10is fork-shaped, with a central
rod 13 comprising the first end 11 of the control arm 10
and three parallel legs 14A, 14B, 14C extending from the
central rod 13 and comprising the second end of the con-
trol arm 10. The central rod 13 and the three legs 14A,
14B, 14C extend in the first direction 19.

[0025] Thethreelegs 14A, 14B, 14C of the control arm
10 are aligned in afirsttransverse direction perpendicular
to the first direction 19, and each leg includes a hole 15
at the second end 12 of the control arm 10. The holes 15
in the three legs 14A, 14B, 14C are aligned along a sec-
ond transverse direction perpendicular to the first trans-
verse direction and are configured to accommodate an
axle 16.

[0026] The axle 16 includes first and second rollers
17A engaged in the first and the second tracks 31 and
51 respectively. The first and second rollers 17A are ar-
ranged between the first and the second legs 14A, 14B
and the second and the third legs 14B, 14C of the three
legs of the control arm 10.

[0027] The first and second sliding elements 30, 50
have a planar parallelepiped rectangle form, the planar
faces being parallel to a plane comprising the first and
the second directions 19 and 29. The first and second
sliding elements 30, 50 further include rollers 32 on two
sides thereof that are parallel to the second direction 29.
The first and second sliding elements 30, 50 also com-
prise firstand second openings that form the first and the
second tracks 31, 51 of the first and second sliding ele-
ments 30, 50 respectively.

[0028] The firstand second tracks 31, 51 extend along
the planar faces of the first and second sliding elements
30, 50 and comprise three successive sections, each ori-
ented at a different angle 31A, 31B, 31C between the
first and second directions 19 and 29. More precisely, in
an open configuration illustrated in Figure 1, the orienta-
tion angles of the three sections 31A, 31B, 31C are se-
lected according to the desired kinematics of the opening
and closing of the first and second circuit breaker.
[0029] As shown in Figure 1 and 2, when the control
arm 10 is moved from an open to a closed position, the
design of the first and second tracks 31, 51 facilitates the
following kinematics of the first and second connecting
arms 20, 40:

- the first section 31A of the track 31 is oriented at an
angle of approximately at 45°, and the first and sec-
ond connecting arms 30, 50 move at a first average
velocity for a first period of time,
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- the second section 31B of the track 31 is oriented at
an angle of less than 45°, the first and second con-
necting arms 30, 50 are configured move ata second
average velocity for a second period of time,

- the third section 31C of the track 31 is oriented at an
angle greater than 45° and the first and second con-
necting arms 30, 50 are configured move at a higher
speed for third period of time,

[0030] According to one embodiment of the present
invention shown in Figures 1 and 2, the first and second
tracks may be provided on a removeable part of the first
and second sliding elements 30, 50 so as to facilitate
adjustment of the opening and closing kinematics of the
first and second circuit breakers by replacement of the
removeable parts of the firstand second sliding elements
with tracks that are configured according to a new kine-
matic.

[0031] Thefirstand second sliding elements 30, 50 are
arranged inside a housing 60 comprising a hollow cham-
ber with two pairs of rails 61A,61B and 61C, 61D respec-
tively that extend along the second direction 29. Each
pair of rails 61A,61B and 61C, 61D, form firstand second
guides for movement of the first and the second sliding
elements 30, 50 parallel to each other.

[0032] Therollers 32, 52 of each of the first and second
sliding elements 30, 50 engage with the rails 61A, 61B
and 61C, 61D of the first and second guides respectively.
This engagement constrains movement of the first and
second sliding elements 30, 50 in the second direction 20.
[0033] The first and second connecting arms 20, 40
are arranged to move integrally with the first and second
sliding elements 30, 50 respectively. In this way, the
movement of first and second connecting arms 20, 40 is
also constrained in the second direction 29.

[0034] When the control arm 10 moves in the first di-
rection 19 from an open position to a closed position as
illustrated on figures 1 and 2:

- the axle 16 and the first and second rollers 17A slide
within the first and second tracks 31, 51,

- the first and second sliding elements 30, 50, move
in the second direction 29, with the speed of the dis-
placement being controlled by the angular orienta-
tion of the three sections of the first and second
tracks 31, 51; and

- the first and second connecting arms 20, 40 move
together with the first and second sliding elements
30, 50 in the second direction 29, thus closing the
first and second circuit breakers.

[0035] Figures 3 and 4 illustrate a control system ac-
cording to a second embodiment of the invention. This
second embodiment differs from the above described
first embodiment in that it comprises a single sliding el-
ement 30 only.

[0036] As shown in Figure 3, the control system 1 ac-
cording to the second embodiment comprises:
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a control arm 10 arranged for movement in a first
direction 19 between first and second positions, the
control arm 10 comprising a first end 11 connected
to a drive system 70 and a second end 12 opposite
the first end 11,

- a first connecting arm 20 arranged for movement
in a second direction 29 perpendicular to the first
direction 19, the first connecting arm 20 comprising
afirstend 21 connected to first and second switches
and a second end 22 opposite the first end 21,

- afirst sliding element 30 comprising a first track 31,
the first sliding element arranged for movement in
the first direction 19.

[0037] The second end 21 of the first connecting arm
20 is configured to engage in the first track 31 and is
constrained for movement in the second direction only.
The second end 12 of the control arm 10 is arranged for
integral movement with the sliding element 30.

[0038] The control arm 10 comprise a central rod 13
with atwo-legged fork provided at eitherend 11, 12 there-
of. The legs of each fork at each end of the control arm
10 extend parallel to each other along a plane comprising
the first and second directions 19, 29. Each leg of the
forks comprises a through hole that is aligned with the
hole in the other leg at the same end 11, 12, of the control
arm 10 in the plane defined by the fork.

[0039] The first end 11 of the control arm 10 is con-
nected by the means of an axle passing through the
holes, to a rotating arm 71 of a drive system 70. The first
end 11 of the control arm 10 is connected to the drive
system 70 by the axle 16 and the rotating arm 71. The
second end 12 of the control arm 10 is connected, by the
means of an axle passing through the holes in the legs
of the fork, to the first sliding element 30.

[0040] Since thefirst sliding element 30 is arranged for
movement in the first direction 19 only, with the connec-
tion of the control arm 10 to the sliding element 30 and
to the rotating arm 71, rotation of the rotating arm 71
leads to a displacement of the control arm 10 in the first
direction 19. Hence, movement of the control arm 10 is
integral with movement of the first sliding element 30 in
the first direction 19.

[0041] Similarly to the previously described first em-
bodiment of the present invention, the first sliding ele-
ment 30 of the second embodiment has a planar paral-
lelepiped rectangle form, the planar faces being parallel
to a plane comprising the first and second directions. The
first sliding element 30 includes rollers 32 on two sides
thereof that are parallel to the first direction 19. The first
sliding element 30 further includes a first opening that
forms the first track 31 of the first sliding element 30.
[0042] The control system 1 also comprises two par-
allel rails 61A, 61B extending in the first direction 19, the
rails 61A, 61B forming a guide for the first sliding element
30.

[0043] The rollers 32 of the first sliding element 30 en-
gage with the rails 61A, 61B so that the first sliding ele-
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ment 30, is constrained for movement in the first direction
19 only.

[0044] As illustrated in Figure 4, the first connecting
arm 20 has a longitudinal form and comprises a toothed
bar portion 25 at the first end 21 and a two-legged fork
at the second end 22 thereof.

[0045] The legs of the fork of the second end 22 extend
parallel to each other along a plane comprising the sec-
ond direction 29, perpendicular to the first direction 19.
Each fork leg comprises a through hole 23 aligned with
the through hole 23 of the other leg of said two-legged
fork along a line comprising the plane defined by the two-
legged fork. These holes 23 accommodate an axle 24.
[0046] The axle 24 includes a roller, not shown, that
engages with the first track 31 of the first sliding element
30, the roller being arranged between the legs of the fork
of the first connecting arm 20.

[0047] The first connecting arm 20 is constrained for
movement in the second direction 29 by the means of
two guiding sleeves 65A, 65B, a first one of which is pro-
vided between the first sliding element 30 and the toothed
bar portion 25, a second one of which is provided along
a portion of the first end 21 of the first connecting arm 20
which is above the toothed bar portion 25.

[0048] The control system according to the second em-
bodiment further comprises:

- irst and second toothed gears 67A, 67B configured
to engage with the toothed bar portion 25,

- first and second toothed bars 66A, 66B configured
to engage with the first and second toothed gears
67A, 67B respectively and connected with the first
and second circuit breakers respectively.

[0049] With such a configuration, the firstend 21 of the
first connecting arm 20 is connected to the first and sec-
ond circuit breakers by the means of the first and second
toothed gears 67A, 67B and the first and second toothed
bars 66A, 66B. Hence, when the control arm 10 is dis-
placed from the opening position, as illustrated in Figures
3 and 4, to the closed position by rotation of the rotating
arm 71:

- the control arm 10 is displaced along the first direc-
tion 19,

- thefirst sliding element 30 is displaced along the first
direction 19 with the control arm because of the con-
straint in movement,

- the first connecting arm 20 is displaced by the en-
gagement of the axle 24 in the first track 31 as it is
constrained for movement along the second direc-
tion 29, with the velocity of the displacement being
controlled by the angular orientation or gradient of
the first track 31,

- the translation of the first connecting arm 20 causes
rotation of the first and second toothed gears 67A,
67B, which in turn results in translation of the first
and second toothed bars 66A, 66B and the closing
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of the first and second circuit breaker.

Claims

A control system (1) for at least a first switch, the
control system (1) comprising:

acontrol arm (10) mounted for displacement be-
tween a first and a second position in first direc-
tion (19), the control arm (10) comprising a first
end (11) configured to be connected to a drive
system and a second end (12) opposite the first
end (11),

- a first connecting arm (20) mounted for
displacement along a second direction (29)
thattraverses the firstdirection (19), the first
connecting arm (20) comprising a first end
(21) for connection to the first switch and a
second end (22) opposite to the first end,

the control system further comprising:

- at least a first sliding element (30) com-
prising a firsttrack (31) and mounted for dis-
placement in one of the first and the second
directions (19, 29),

wherein the second end (12, 22) of the one of
the control arm (10) or the first connecting arm
(20) which is displaceable in the same direction
as the first sliding element (30), is configured to
engage with the first track (31) and is con-
strained for movement in same direction as the
first sliding element (30); and

wherein the second end (22, 12) of the other of
the control arm (10) and the first connecting arm
(20) is arranged to move integrally with the first
sliding element (30).

The control system (1) according to claim 1, wherein
the control system (1) is arranged to control the open-
ing and closing of the first switch and a second
switch, and further comprising:

- asecond connecting arm (40) mounted for dis-
placement in the second direction (29), the sec-
ond connecting arm (40) comprising a first end
(41) configured for connection to the second
switch and a second end (42) opposite the first
end (41),

- a second sliding element (50) comprising a
second track (51) and mounted for displacement
in the same direction as the first sliding element
(30),

- wherein the second end (12, 42) of the one of
the control arm (10) or the second connecting
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arm (40) which is displaceable in the same di-
rection as the first sand second sliding elements
(30, 50), is configured to engage with the second
track (51) and is constrained for movement in
same direction as the first and second sliding
elements (30, 50); and

wherein the second end (42, 12) of the other of the
control arm (10) or the second connecting arm (40)
is arranged to move integrally with the second sliding
element (50).

The control system (1) according claim 1, wherein
the control system (1) is arranged to control the open-
ing and closing of the first switch and a second
switch, wherein the first end (21) of the first connect-
ing arm (20) is additionally configured for connection
to the second switch.

The control system (1) according to claim 3, further
comprises a transmission mechanism for connecting
the first end (21) of the first connecting arm (20) with
the first and the second switches, wherein the trans-
mission mechanism comprises at least first and sec-
ond moving parts configured to move in opposite di-
rections when the first connecting arm (21) is moved
along the second direction (29).

The control system (1) according to claim 4, wherein
the first end of the first connecting arm (20) compris-
es a toothed bar portion (25),

wherein the transmission mechanism comprises for
each of the first, and second switch:

- a toothed gear (67A, 67B) engaged with the
toothed bar portion,

- a toothed bar (66A, 66B) engaged with the
toothed gear (67A, 67B) and connected to the
respective first and second switches.

The control system (1) according to any of claims 1
to 3, wherein the direction of movement of the first
sliding element (30) is the second direction (29).

The control system (1) according to claim 1, wherein
the control system (1) is arranged to control the open-
ing and closing of first and second switches, the di-
rection of movement of the first sliding element (30)
being the second direction (29), wherein the first slid-
ing element (30) comprises a second track, and fur-
ther comprising:

- a second connecting arm (40) mounted for dis-
placementin the second direction (29), the sec-
ond connecting arm (40) comprising a first end
(41) configured for connection to the second
switch and a second end (42) opposite the first
end (41),
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the second connecting arm (40) being constrained
for movement in the second direction (29) wherein
the second end (42) is configured for engagement
in the second track (51).

A high voltage substation comprising:

- a control system (1) according to any of claims
to7,
- atleast one switch, the switch being connected
to the first end (21) of the first connecting arm
(20),
- a drive system, the drive system being con-
nected to the first end (11) of the control arm
(10) .
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