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(54) CIRCUIT BREAKER

(57)  The present invention relates to a circuit break-
er, comprising:

- a vacuum interrupter (10);

- a lever system (50);

- a drive shaft (70); and

- a coupler (80);

wherein the vacuum interrupter comprises afixed contact
and a moveable contact;

wherein afirst end of the lever system is connected to the
moveable contact;

wherein afirst part of the coupler is connected to the drive
shaft, and wherein the first part of the coupler is at an on-
axis location of the drive shaft;

wherein a second part of the coupler is connected to a
second end of the lever system, and wherein the second
part of the coupler is at an off-axis location of the drive
shaft;

wherein a first rotation of the drive shaft in a first direction
is configured to provide a first rotation to the second part
of the coupler around the axis of the drive shaft in the first
direction; and

wherein the first rotation of the second part of the coupler
around the axis of the drive shaft in the first direction is
configured to activate the lever system to move the
moveable contact towards, and come into contact with,
the fixed contact.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to circuit break-
ers, for a switchgear, such as a low voltage or medium
voltage or high voltage circuit switchgear.

BACKGROUND OF THE INVENTION

[0002] To operate avacuum interrupter, alinear motion
is necessary to open and close the contacts of the va-
cuum interrupter.

[0003] For medium voltage circuit breakers it is state-
of-the-art to use one vacuum interrupter, or indeed two
vacuum interrupters in series, to interrupter short-circuit
currents in circuits above 40 KV.

[0004] If two vacuum interrupters are operated in ser-
ies, homogeneous voltage distribution across both va-
cuum interrupters in the open position and during opera-
tion is required.

[0005] A preferred situation would be to have a drive
mechanism that can be used to drive a single vacuum
interrupter if necessary, and also that could be used to
drive two vacuum interrupters in series.

[0006] Such a drive mechanism does not exist.
[0007] There is a need to address this situation.

SUMMARY OF THE INVENTION

[0008] Therefore, it would be advantageous to provide
an improved drive mechanism for a circuit breaker of a
switchgear that can operate a single vacuum interrupter
and two vacuum interrupters in series.

[0009] The object of the present invention is solved
with the subject matter of the independent claims, where-
in further embodiments are incorporated in the depen-
dent claims.

[0010] Inafirstaspect,thereis provided a circuit break-
er, comprising:

- avacuum interrupter;
- alever system;

- adrive shaft; and

- acoupler.

[0011] The vacuum interrupter comprises a fixed con-
tact and a moveable contact. A first end of the lever
system is connected to the moveable contact. A first part
of the coupler is connected to the drive shaft, and the first
part of the coupler is at an on-axis location of the drive
shaft. A second part of the coupler is connected to a
second end of the lever system, and wherein the second
part of the coupler is at an off-axis location of the drive
shaft. A first rotation of the drive shaftin a first direction is
configured to provide a first rotation to the second part of
the coupler around the axis of the drive shaft in the first
direction. The first rotation of the second part of the
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coupler around the axis of the drive shaft in the first
direction is configured to activate the lever system to
move the moveable contact towards, and come into
contact with, the fixed contact.

[0012] In this way, a new circuit breaker design is
provided where an eccentric kinematic chain is used to
convert rotary motion into linear motion to move the
moveable contact of a vacuum interrupter.

[0013] Thus, by connected the lever system at different
distances from the drive shaft, different speeds of opera-
tion of the moveable contact can be provided, and where
different degrees of length of moveable contact move-
ment can be provided through different amounts of rota-
tion of the drive shaft. In this manner, the same drive
system can be utilized for different vacuum interrupters.
[0014] In an example, the circuit breaker further com-
prises an operating stud. The first end of the lever system
is connected to the moveable contact via the operating
stud. At the end of the first rotation of the second part of
the coupler around the axis of the drive shaft in the first
direction the operating stud has been activated by a first
amount such that a force of a first magnitude is applied by
the operating stud to the moveable contact whilst the
moveable contact is in contact with the fixed contact.
[0015] In an example, activation of the operating stud
by the first amount comprises a compression of the
operating stud to a first degree.

[0016] In an example, a second rotation of the drive
shaft in the first direction is configured to provide a
second rotation to the second part of the coupler around
the axis of the drive shaft in the first direction. The second
rotation of the drive shaft is an additional rotation to the
first rotation of the drive shaft. The second rotation of the
second part of the coupler around the axis of the drive
shaftin the firstdirection is configured to activate the lever
system to maintain the moveable contact in contact with
the fixed contact.

[0017] Inanexample, atthe end of the second rotation
of the second part of the coupler around the axis of the
drive shaft in the first direction the operating stud has
been activated by a second amount such that a force of a
second magnitude is applied by the operating stud to the
moveable contact whilst the moveable contact is in con-
tact with the fixed contact. The second magnitude is less
than the first magnitude.

[0018] In this way, the moveable contact is held se-
curely in position in contact with the fixed contact in that
an initial increase in force is required in order to move the
moveable contact away from the fixed contact.

[0019] In an example, activation of the operating stud
by the second amount comprises a compression of the
operating stud to a second degree, and the compression
ofthe operating stud to the second degree is less than the
compression of the operating stud to the first degree.
[0020] Inanexample, the drive shaftis configured such
that after the second rotation of the drive shaft in the first
direction the drive shaft cannot rotate further in the first
direction.
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[0021] In an example, a counter rotation of the drive
shaftin a second direction opposite to the first direction is
configured to provide a counter rotation to the second
part of the coupler around the axis of the drive shaftin the
second direction. The counter rotation of the second part
of the coupler around the axis of the drive shaft in the
second direction is configured to activate the lever sys-
tem to move the moveable contact away from the fixed
contact.

[0022] In a second aspect, there is provided a circuit
breaker, comprising:

- afirst vacuum interrupter;

- asecond vacuum interrupter;
- afirst lever system;

- asecond lever system;

- adrive shaft; and

- acoupler.

[0023] The first vacuum interrupter comprises a fixed
contact and a moveable contact. The second vacuum
interrupter comprises a fixed contact and a moveable
contact. Afirstend of the firstlever systemis connected to
the moveable contact of the first vacuum interrupter. A
first end of the second lever system is connected to the
moveable contact of the second vacuum interrupter. A
first part of the coupler is connected to the drive shaft, and
the first part of the coupler is at an on-axis location of the
drive shaft. A second part of the coupleris connected to a
second end of the first lever system, and the second part
of the coupler is at an off-axis location of the drive shaft. A
third part of the coupler is connected to a second end of
the second lever system, and the third part of the coupler
is at an off-axis location of the drive shaft. A first rotation of
the drive shaftin afirst direction is configured to provide a
first rotation to the second part of the coupler around the
axis of the drive shaft in the first direction and provide a
firstrotation to the third part of the coupler around the axis
of the drive shaft in the first direction. The first rotation of
the second part of the coupler around the axis of the drive
shaftin the first direction is configured to activate the first
lever system to move the moveable contact of the first
vacuum interrupter towards and come into contact with
the fixed contact of the first vacuum interrupter, and the
first rotation of the third part of the coupler around the axis
of the drive shaft in the first direction is configured to
activate the second lever system to move the moveable
contact of the second vacuum interrupter towards and
come into contact with the fixed contact of the second
vacuum interrupter.

[0024] In this way, a new circuit breaker design is
provided where an eccentric kinematic chain is used to
convert rotary motion into linear motion to move move-
able contacts of two vacuum interrupters synchronously.
[0025] It is to be noted that the vacuum interrupters
could be identical or could be different, and where the
second part of the coupler and the third part of the coupler
could be the same axial distance from the drive shaft axis,
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providing for the same stroke distance, or could be at
different axial distances to provide for different stroke
lengths, that could be appropriate if two vacuum of dif-
ferent sizes were being utilized that required different
magnitudes of movements of the moveable contacts.
[0026] In an example, the circuit breaker further com-
prises a first operating stud and a second operating stud.
The first end of the first lever system is connected to the
moveable contact of the first vacuum interrupter via the
first operating stud. At the end of the first rotation of the
second part of the coupler around the axis of the drive
shaftin the first direction the first operating stud has been
activated by a first amount such that a force of a first
magnitude is applied by the first operating stud to the
moveable contact of the first vacuum interrupter whilst
the moveable contact of the first vacuum interrupter is in
contact with the fixed contact of the first vacuum inter-
rupter. The first end of the second lever system is con-
nected to the moveable contact of the second vacuum
interrupter via the second operating stud. At the end of
the first rotation of the third part of the coupler around the
axis of the drive shaft in the first direction the second
operating stud has been activated by a second amount
such that a force of a second magnitude is applied by the
second operating stud to the moveable contact of the
second vacuum interrupter whilst the moveable contact
of the second vacuum interrupter is in contact with the
fixed contact of the second vacuum interrupter.

[0027] In an example, activation of the first operating
stud by the first amount comprises a compression of the
first operating stud to a first degree, and activation of the
second operating stud by the second amount comprises
a compression of the second operating stud to a second
degree.

[0028] Itis to be noted that the first operating stud and
the second operating stud could be identical, but they
could be different.

[0029] Itis also to be noted that the first amount could
be the same as the second amount, but the first magni-
tude could be the different to the second magnitude.
[0030] It is also to be noted that the first magnitude
could be the same as the second magnitude, but the first
magnitude could be the different to the second magni-
tude.

[0031] In an example, a second rotation of the drive
shaft in the first direction is configured to provide a
second rotation to the second part of the coupler around
the axis of the drive shaft in the first direction and provide
a second rotation to the third part of the coupler around
the axis of the drive shaft in the first direction. The second
rotation of the drive shaft is an additional rotation to the
first rotation of the drive shaft. The second rotation of the
second part of the coupler around the axis of the drive
shaftin the first direction is configured to activate the first
lever system to maintain the moveable contact of the first
vacuum interrupter in contact with the fixed contact of the
first vacuum interrupter. The second rotation of the third
part of the coupler around the axis of the drive shaftin the
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first direction is configured to activate the second lever
system to maintain the moveable contact of the second
vacuum interrupter in contact with the fixed contact of the
second vacuum interrupter.

[0032] Inanexample, atthe end of the second rotation
of the second part of the coupler around the axis of the
drive shaft in the first direction the first operating stud has
been activated by a third amount such that a force of a
third magnitude is applied by the first operating stud to the
moveable contact of the first vacuum interrupter whilst
the moveable contact of the first vacuum interrupter is in
contact with the fixed contact of the first vacuum inter-
rupter. The third magnitude is less than the first magni-
tude. At the end of the second rotation of the third part of
the coupler around the axis of the drive shaft in the first
direction the second operating stud has been activated
by a fourth amount such that a force of a fourth magnitude
is applied by the second operating stud to the moveable
contact of the second vacuum interrupter whilst the
moveable contact of the second vacuum interrupter is
in contact with the fixed contact of the second vacuum
interrupter. The fourth magnitude is less than the second
magnitude.

[0033] In this way, the moveable contacts are held
securely in position in contact with the fixed contacts in
thatinitial increases in force are required in order to move
the moveable contacts away from the fixed contacts.
[0034] Itis also to be noted that the third amount could
be the same as the fourth amount, but the third magnitude
could be the different to the fourth magnitude.

[0035] It is also to be noted that the third magnitude
could be the same as the fourth magnitude, but the third
magnitude could be the different to the fourth magnitude.
[0036] In an example, activation of the first operating
stud by the third amount comprises a compression of the
first operating stud to a third degree. The compression of
the first operating stud to the third degree is less than the
compression of the first operating stud to the first degree.
Activation of the second operating stud by the fourth
amount comprises a compression of the second operat-
ing stud to a fourth degree. The compression of the
second operating stud to the fourth degree is less than
the compression of the second operating stud to the
second degree.

[0037] Inanexample,the drive shaftis configured such
that after the second rotation of the drive shaft in the first
direction the drive shaft cannot rotate further in the first
direction.

[0038] In an example, a counter rotation of the drive
shaftin a second direction opposite to the first direction is
configured to provide a counter rotation to the second
part of the coupler around the axis of the drive shaftin the
second direction and provide a counter rotation to the
third part of the coupler around the axis of the drive shaft
in the second direction. The counter rotation of the sec-
ond part of the coupler around the axis of the drive shaftin
the second direction is configured to activate the first
lever system to move the moveable contact of the first
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vacuum interrupter away from the fixed contact of the first
vacuum interrupter. The counter rotation of the third part
of the coupler around the axis of the drive shaft in the
second direction is configured to activate the second
lever system to move the moveable contact of the second
vacuum interrupter away from the fixed contact of the
second vacuum interrupter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Exemplary embodiments will be described in
the following with reference to the following drawing:

Fig. 1 shows an example of a circuit breaker accord-
ing to an embodiment of the invention in an open
configuration; and

Fig. 2 shows an example of a circuit breaker accord-
ing to an embodiment of the invention in a closed

configuration.

DETAILED DESCRIPTION OF EMBODIMENTS

[0040] Figs. 1-2 relate to the new development for
circuit breaker and the mechanism for closing one or
two vacuum interrupters.

[0041] An exemplar circuit breaker comprises:

- avacuum interrupter 10;
- alever system 50;

- adrive shaft 70; and

- acoupler 80.

[0042] The vacuum interrupter comprises a fixed con-
tact and a moveable contact. A first end of the lever
system is connected to the moveable contact. A first part
of the coupler is connected to the drive shaft, and the first
part of the coupler is at an on-axis location of the drive
shaft. A second part of the coupler is connected to a
second end of the lever system, and wherein the second
part of the coupler is at an off-axis location of the drive
shaft. Afirst rotation of the drive shaftin a first direction is
configured to provide a first rotation to the second part of
the coupler around the axis of the drive shaft in the first
direction. The first rotation of the second part of the
coupler around the axis of the drive shaft in the first
direction is configured to activate the lever system to
move the moveable contact towards, and come into
contact with, the fixed contact.

[0043] In this way, a new circuit breaker design is
provided where an eccentric kinematic chain is used to
convert rotary motion into linear motion to move the
moveable contact of a vacuum interrupter.

[0044] Thus, by connected the lever system at different
distances from the drive shaft, different speeds of opera-
tion of the moveable contact can be provided, and where
different degrees of length of moveable contact move-
ment can be provided through different amounts of rota-
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tion of the drive shaft. In this manner, the same drive
system can be utilized for different vacuum interrupters.
[0045] It is to be noted that the coupler 80 could be a
disc with its plane perpendicular to the axis of the drive
shaftoran arm perpendicularto the axis of the drive shaft.
[0046] In an example, the circuit breaker further com-
prises an operating stud 30. The first end of the lever
system is connected to the moveable contact via the
operating stud. At the end of the first rotation of the
second part of the coupler around the axis of the drive
shaft in the first direction the operating stud has been
activated by a first amount such that a force of a first
magnitude is applied by the operating stud to the move-
able contact whilst the moveable contactisin contact with
the fixed contact.

[0047] The operating stud 30 could comprise a spring
mechanism that is able to be compressed and provide an
associated restoring force, or could be a piston for ex-
ample, or anything else that provides a restoring force as
it is compressed.

[0048] In an example, activation of the operating stud
by the first amount comprises a compression of the
operating stud to a first degree.

[0049] In an example, a second rotation of the drive
shaft in the first direction is configured to provide a
second rotation to the second part of the coupler around
the axis of the drive shaft in the first direction. The second
rotation of the drive shaft is an additional rotation to the
first rotation of the drive shaft. The second rotation of the
second part of the coupler around the axis of the drive
shaftin the firstdirection is configured to activate the lever
system to maintain the moveable contact in contact with
the fixed contact

[0050] Inanexample, atthe end of the second rotation
of the second part of the coupler around the axis of the
drive shaft in the first direction the operating stud has
been activated by a second amount such that a force of a
second magnitude is applied by the operating stud to the
moveable contact whilst the moveable contact is in con-
tact with the fixed contact. The second magnitude is less
than the first magnitude.

[0051] In this way, the moveable contact is held se-
curely in position in contact with the fixed contact in that
an initial increase in force is required in order to move the
moveable contact away from the fixed contact.

[0052] In an example, activation of the operating stud
by the second amount comprises a compression of the
operating stud to a second degree, and the compression
ofthe operating stud to the second degree is less than the
compression of the operating stud to the first degree.
[0053] Inanexample, the drive shaftis configured such
that after the second rotation of the drive shaft in the first
direction the drive shaft cannot rotate further in the first
direction.

[0054] In an example, a counter rotation of the drive
shaftin a second direction opposite to the first direction is
configured to provide a counter rotation to the second
part of the coupler around the axis of the drive shaftin the
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second direction. The counter rotation of the second part
of the coupler around the axis of the drive shaft in the
second direction is configured to activate the lever sys-
tem to move the moveable contact away from the fixed
contact.
[0055] An exemplar circuit breaker comprises:
- afirst vacuum interrupter 10;

- asecond vacuum interrupter 20;

- afirst lever system 50;

- asecond lever system 60;

- adrive shaft 70; and

- acoupler 80.

[0056] The first vacuum interrupter comprises a fixed
contact and a moveable contact. The second vacuum
interrupter comprises a fixed contact and a moveable
contact. Afirstend of the firstlever systemis connected to
the moveable contact of the first vacuum interrupter. A
first end of the second lever system is connected to the
moveable contact of the second vacuum interrupter. A
first part of the coupler is connected to the drive shaft, and
the first part of the coupler is at an on-axis location of the
drive shaft. A second part of the coupler is connected to a
second end of the first lever system, and the second part
of the coupler is at an off-axis location of the drive shaft. A
third part of the coupler is connected to a second end of
the second lever system, and the third part of the coupler
is atan off-axis location of the drive shaft. A first rotation of
the drive shaftin afirst direction is configured to provide a
first rotation to the second part of the coupler around the
axis of the drive shaft in the first direction and provide a
firstrotation to the third part of the coupler around the axis
of the drive shaft in the first direction. The first rotation of
the second part of the coupler around the axis of the drive
shaftin the first direction is configured to activate the first
lever system to move the moveable contact of the first
vacuum interrupter towards and come into contact with
the fixed contact of the first vacuum interrupter, and the
first rotation of the third part of the coupler around the axis
of the drive shaft in the first direction is configured to
activate the second lever system to move the moveable
contact of the second vacuum interrupter towards and
come into contact with the fixed contact of the second
vacuum interrupter.

[0057] In this way, a new circuit breaker design is
provided where an eccentric kinematic chain is used to
convert rotary motion into linear motion to move move-
able contacts of two vacuum interrupters synchronously.
[0058] It is to be noted that the vacuum interrupters
could be identical or could be different, and where the
second part of the coupler and the third part of the coupler
could be the same axial distance from the drive shaft axis,
providing for the same stroke distance, or could be at
different axial distances to provide for different stroke
lengths, that could be appropriate if two vacuum of dif-
ferent sizes were being utilized that required different
magnitudes of movements of the moveable contacts.
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[0059] Itis to be noted that the coupler 80 could be a
disc with its plane perpendicular to the axis of the drive
shaft or two arms perpendicular to the axis of the drive
shaft.

[0060] Itis also to be noted that the two vacuum inter-
rupters 10, 20 need not be oriented opposite to each
other at opposite sides of the drive shaft, but could be
oriented at 90 degrees to each other. Then ratherthan the
two lever systems 50, 60 being connected to the coupler
80 at 180 degree positions with respect to the drive shaft
70, they would also be mounted at 90 degrees to each
other with respect the drive shaft 70.

[0061] It is also to be noted that if two vacuum inter-
rupters of different sizes were utilized, then a mounting
point of the lever of the smaller vacuum interrupter (with a
smaller required operational movement of the moveable
contact being required) could be brought inwards to-
wards the drive shaft and there would still be synchrony
of movement of the moveable contacts of the two vacuum
interrupters, but different movement distances of the
moveable contacts provided.

[0062] In an example, the circuit breaker further com-
prises a first operating stud 30 and a second operating
stud 40. The firstend of the first lever systemis connected
to the moveable contact of the first vacuum interrupter via
the first operating stud. At the end of the first rotation of
the second part of the coupler around the axis of the drive
shaft in the first direction the first operating stud has been
activated by a first amount such that a force of a first
magnitude is applied by the first operating stud to the
moveable contact of the first vacuum interrupter whilst
the moveable contact of the first vacuum interrupter is in
contact with the fixed contact of the first vacuum inter-
rupter. The first end of the second lever system is con-
nected to the moveable contact of the second vacuum
interrupter via the second operating stud. At the end of
the first rotation of the third part of the coupler around the
axis of the drive shaft in the first direction the second
operating stud has been activated by a second amount
such that a force of a second magnitude is applied by the
second operating stud to the moveable contact of the
second vacuum interrupter whilst the moveable contact
of the second vacuum interrupter is in contact with the
fixed contact of the second vacuum interrupter.

[0063] In an example, activation of the first operating
stud by the first amount comprises a compression of the
first operating stud to a first degree, and activation of the
second operating stud by the second amount comprises
a compression of the second operating stud to a second
degree.

[0064] Itis to be noted that the first operating stud and
the second operating stud could be identical, but they
could be different.

[0065] Itis also to be noted that the first amount could
be the same as the second amount, but the first magni-
tude could be the different to the second magnitude.
[0066] It is also to be noted that the first magnitude
could be the same as the second magnitude, but the first

10

15

20

25

30

35

40

45

50

55

magnitude could be the different to the second magni-
tude.

[0067] In an example, a second rotation of the drive
shaft in the first direction is configured to provide a
second rotation to the second part of the coupler around
the axis of the drive shaft in the first direction and provide
a second rotation to the third part of the coupler around
the axis of the drive shaft in the first direction. The second
rotation of the drive shaft is an additional rotation to the
first rotation of the drive shaft. The second rotation of the
second part of the coupler around the axis of the drive
shaftin the first direction is configured to activate the first
lever system to maintain the moveable contact of the first
vacuum interrupter in contact with the fixed contact of the
first vacuum interrupter. The second rotation of the third
part of the coupler around the axis of the drive shaftin the
first direction is configured to activate the second lever
system to maintain the moveable contact of the second
vacuum interrupter in contact with the fixed contact of the
second vacuum interrupter.

[0068] Inanexample, atthe end of the second rotation
of the second part of the coupler around the axis of the
drive shaftin the first direction the first operating stud has
been activated by a third amount such that a force of a
third magnitude is applied by the first operating stud to the
moveable contact of the first vacuum interrupter whilst
the moveable contact of the first vacuum interrupter is in
contact with the fixed contact of the first vacuum inter-
rupter. The third magnitude is less than the first magni-
tude. At the end of the second rotation of the third part of
the coupler around the axis of the drive shaft in the first
direction the second operating stud has been activated
by afourth amount such that a force of a fourth magnitude
is applied by the second operating stud to the moveable
contact of the second vacuum interrupter whilst the
moveable contact of the second vacuum interrupter is
in contact with the fixed contact of the second vacuum
interrupter. The fourth magnitude is less than the second
magnitude.

[0069] In this way, the moveable contacts are held
securely in position in contact with the fixed contacts in
thatinitialincreases in force are required in order to move
the moveable contacts away from the fixed contacts.
[0070] Itis also to be noted that the third amount could
be the same as the fourth amount, but the third magnitude
could be the different to the fourth magnitude.

[0071] It is also to be noted that the third magnitude
could be the same as the fourth magnitude, but the third
magnitude could be the different to the fourth magnitude.
[0072] In an example, activation of the first operating
stud by the third amount comprises a compression of the
first operating stud to a third degree. The compression of
the first operating stud to the third degree is less than the
compression of the first operating stud to the first degree.
Activation of the second operating stud by the fourth
amount comprises a compression of the second operat-
ing stud to a fourth degree. The compression of the
second operating stud to the fourth degree is less than
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the compression of the second operating stud to the
second degree.

[0073] Inanexample, the drive shaftis configured such
that after the second rotation of the drive shaft in the first
direction the drive shaft cannot rotate further in the first
direction.

[0074] In an example, a counter rotation of the drive
shaftin a second direction opposite to the first direction is
configured to provide a counter rotation to the second
part of the coupler around the axis of the drive shaftin the
second direction and provide a counter rotation to the
third part of the coupler around the axis of the drive shaft
in the second direction. The counter rotation of the sec-
ond part of the coupler around the axis of the drive shaftin
the second direction is configured to activate the first
lever system to move the moveable contact of the first
vacuum interrupter away from the fixed contact of the first
vacuum interrupter. The counter rotation of the third part
of the coupler around the axis of the drive shaft in the
second direction is configured to activate the second
lever system to move the moveable contact of the second
vacuum interrupter away from the fixed contact of the
second vacuum interrupter.

[0075] A specific detailed embodiment is now de-
scribed, where reference is again made to Figs- 1-2.
[0076] Arotary motorisused as adrive solution, where
the rotary motion is converted into a linear motion to be
able to operate the vacuum interrupters 10, 20. The rotary
motor turns a shaft 70 that is connected to a disc 80 or a
segmented part 80. Two levers 50, 60 are fixed on the
disc or segmented part and each connected to one
operating stud 30, 40 which is connected to the moveable
contact of each vacuum interrupter.

[0077] Fig. 1 shows the kinematic chain where the
vacuum interrupter is in OFF position. If the disc or
segmented part turns clockwise, driven by the rotary
motor, a linear motion of the operating studs is realized
via the levers. The moveable contacts of the vacuum
interrupters move in vertical direction until movable and
fixed contacts are touching. The design could be made
where a counterclockwise movement generates this
movement.

[0078] Closing operation:

With further rotation of the shaft the springs of the
operating studs are compressed. A stable ON posi-
tion is realized by turning the shaft a few degrees
beyond the vertical breakover point (dead point) so
that the springs of the operating studs start to relax.
This is shown in Fig. 2 that shows the kinematic chain
where the vacuum interrupteris inthe ON position. At
this position an end-stop is provided ensuring a
stable end position in the closed position. The con-
tact spring relaxation need only be limited,
because the linear movement around the dead point
is very low, and the contacts still remains in contact
under the contact spring force.
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[0079] Opening operation:

To open the vacuum interrupter from closed end stop
position is achieved by turning the shaft counterclock-
wise. At the onset of this movement the springs of the
operating studs must first be compressed until the break-
over point (dead point) is exceeded after a few degrees of
rotating.

[0080] The mechanical connection of both operating
studs to the eccentric results to a synchronous operating
of both vacuum interrupters. An advantage of the double
lever and double vacuum design is that based on the non-
linear movement while closing, both counterforces gen-
erated from contact springs are lower thanks to the given
non-linear travel. Also, as detailed above synchronous
closing is also provided for both vacuum interrupters, and
the design can be utilized for a single vacuum interrupter
of different designs, and indeed two vacuum interrupters
of different designs can be synchronously operated.

Reference numerals
[0081]

10  Vacuum interrupter

20  Second vacuum interrupter
30 Operating stud

40  Second operating stud

50 Lever system

60 Second lever system

70  Drive shaft

80 Coupler

Claims
1. A circuit breaker, comprising:

- a vacuum interrupter (10);
- a lever system (50);

- a drive shaft (70); and

- a coupler (80);

wherein the vacuum interrupter comprises
a fixed contact and a moveable contact;
wherein a first end of the lever system is
connected to the moveable contact;
wherein a first part of the coupler is con-
nected to the drive shaft, and wherein the
first part of the coupler is at an on-axis
location of the drive shaft;

wherein a second part of the coupler is
connected to a second end of the lever
system, and wherein the second part of
the coupler is at an off-axis location of the
drive shaft;

wherein a first rotation of the drive shaftin a
first direction is configured to provide a first
rotation to the second part of the coupler
around the axis of the drive shaft in the first
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direction; and

wherein the first rotation of the second part
of the coupler around the axis of the drive
shaft in the first direction is configured to
activate the lever system to move the move-
able contacttowards, and come into contact
with, the fixed contact.

Circuit breaker according to claim 1, further compris-
ing an operating stud (30), wherein the firstend of the
lever system is connected to the moveable contact
via the operating stud, and wherein at the end of the
first rotation of the second part of the coupler around
the axis of the drive shaft in the first direction the
operating stud has been activated by a first amount
such that a force of a first magnitude is applied by the
operating stud to the moveable contact whilst the
moveable contact is in contact with the fixed contact.

Circuit breaker according to claim 2, wherein activa-
tion of the operating stud by the first amount com-
prises a compression of the operating stud to a first
degree.

Circuit breaker according to any of claims 1-3,
wherein a second rotation of the drive shaftin the first
direction is configured to provide a second rotation to
the second part of the coupler around the axis of the
drive shaft in the first direction, wherein the second
rotation of the drive shaft is an additional rotation to
the first rotation of the drive shaft, and wherein the
second rotation of the second part of the coupler
around the axis of the drive shaft in the first direction
is configured to activate the lever system to maintain
the moveable contact in contact with the fixed con-
tact

Circuit breaker according to claim 4 when dependent
upon any of claims 2-3, wherein at the end of the
second rotation of the second part of the coupler
around the axis of the drive shaft in the first direction
the operating stud has been activated by a second
amount such that a force of a second magnitude is
applied by the operating stud to the moveable con-
tact whilst the moveable contact is in contact with the
fixed contact, and wherein the second magnitude is
less than the first magnitude.

Circuit breaker according to claim 5, wherein activa-
tion of the operating stud by the second amount
comprises a compression of the operating stud to
a second degree, and wherein the compression of
the operating stud to the second degree is less than
the compression of the operating stud to the first
degree.

Circuit breaker according to any of claims 4-6,
wherein the drive shaft is configured such that after
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the second rotation of the drive shaft in the first
direction the drive shaft cannot rotate further in the
first direction.

Circuit breaker according to any of claims 1-7,
wherein a counter rotation of the drive shaft in a
second direction opposite to the first direction is
configured to provide a counter rotation to the sec-
ond part of the coupler around the axis of the drive
shaft in the second direction, and

wherein the counter rotation of the second part of the
coupler around the axis of the drive shaft in the
second direction is configured to activate the lever
system to move the moveable contact away from the
fixed contact.

A circuit breaker, comprising:

- a first vacuum interrupter (10);

- a second vacuum interrupter (20);
- a first lever system (50);

- a second lever system (60);

- a drive shaft (70); and

- a coupler (80);

wherein the first vacuum interrupter com-
prises a fixed contact and a moveable con-
tact;

wherein the second vacuum interrupter
comprises a fixed contact and a moveable
contact;

wherein afirstend of the first lever systemis
connected to the moveable contact of the
first vacuum interrupter;

wherein a first end of the second lever sys-
temis connected to the moveable contact of
the second vacuum interrupter;

wherein a first part of the coupler is con-
nected to the drive shaft, and wherein the
first part of the coupler is at an on-axis
location of the drive shaft;

wherein a second part of the coupler is
connected to a second end of the first lever
system, and wherein the second part of the
coupler is at an off-axis location of the drive
shaft;

wherein a third part of the coupler is con-
nected to a second end of the second lever
system, and wherein the third part of the
coupler is at an off-axis location of the drive
shaft;

wherein a first rotation of the drive shaftin a
first direction is configured to provide a first
rotation to the second part of the coupler
around the axis of the drive shaft in the first
direction and provide a first rotation to the
third part of the coupler around the axis of
the drive shaft in the first direction; and
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wherein the first rotation of the second part
of the coupler around the axis of the drive
shaft in the first direction is configured to
activate the first lever system to move the
moveable contact of the first vacuum inter-
rupter towards and come into contact with
the fixed contact of the first vacuum inter-
rupter, and the first rotation of the third part
of the coupler around the axis of the drive
shaft in the first direction is configured to
activate the second lever system to move
the moveable contact of the second va-
cuum interrupter towards and come into
contact with the fixed contact of the second
vacuum interrupter.

10. Circuit breaker according to claim 9, further compris-

1.

ing afirst operating stud (30) and a second operating
stud (40); wherein the first end of the first lever
system is connected to the moveable contact of
the first vacuum interrupter via the first operating
stud, and wherein at the end of the first rotation of
the second part of the coupler around the axis of the
drive shaftin the first direction the first operating stud
has been activated by a firstamount such that aforce
of a first magnitude is applied by the first operating
stud to the moveable contact of the first vacuum
interrupter whilst the moveable contact of the first
vacuum interrupter is in contact with the fixed contact
of the first vacuum interrupter; and wherein the first
end of the second lever system is connected to the
moveable contact of the second vacuum interrupter
via the second operating stud, and wherein at the
end of the first rotation of the third part of the coupler
around the axis of the drive shaft in the first direction
the second operating stud has been activated by a
second amount such that a force of a second mag-
nitude is applied by the second operating stud to the
moveable contact of the second vacuum interrupter
whilst the moveable contact of the second vacuum
interrupter is in contact with the fixed contact of the
second vacuum interrupter.

Circuit breaker according to any of claims 9-10,

wherein a second rotation of the drive shaftin the first
direction is configured to provide a second rotation to
the second part of the coupler around the axis of the
drive shaft in the first direction and provide a second
rotation to the third part of the coupler around the axis
of the drive shaft in the first direction, wherein the
second rotation of the drive shaft is an additional
rotation to the first rotation of the drive shaft, and
wherein the second rotation of the second part of the
coupler around the axis of the drive shaft in the first
direction is configured to activate the first lever sys-
tem to maintain the moveable contact of the first
vacuum interrupter in contact with the fixed contact
of the first vacuum interrupter, and wherein the sec-
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12.

13.

14.

15.

ond rotation of the third part of the coupler around the
axis of the drive shaft in the first direction is config-
ured to activate the second lever system to maintain
the moveable contact of the second vacuum inter-
rupter in contact with the fixed contact of the second
vacuum interrupter.

Circuit breaker according to claim 11 when
dependent upon claim 10, wherein at the end of the
second rotation of the second part of the coupler
around the axis of the drive shaft in the first direction
the first operating stud has been activated by a third
amount such that a force of a third magnitude is
applied by the first operating stud to the moveable
contact of the first vacuum interrupter whilst the
moveable contact of the first vacuum interrupter is
in contact with the fixed contact of the first vacuum
interrupter, and wherein the third magnitude is less
than the first magnitude; and wherein at the end of
the second rotation of the third part of the coupler
around the axis of the drive shaft in the first direction
the second operating stud has been activated by a
fourth amount such that a force of a fourth magnitude
is applied by the second operating stud to the move-
able contact of the second vacuum interrupter whilst
the moveable contact of the second vacuum inter-
rupter is in contact with the fixed contact of the
second vacuum interrupter, and wherein the fourth
magnitude is less than the second magnitude.

Circuit breaker according to claim 12, wherein
activation of the first operating stud by the third
amount comprises a compression of the first operat-
ing stud to a third degree, and wherein the compres-
sion of the first operating stud to the third degree is
less than the compression of the first operating stud
to the first degree; and wherein activation of the
second operating stud by the fourth amount com-
prises a compression of the second operating stud to
afourth degree, and wherein the compression of the
second operating stud to the fourth degree is less
than the compression of the second operating stud to
the second degree.

Circuit breaker according to any of claims 11-13,
wherein the drive shaft is configured such that after
the second rotation of the drive shaft in the first
direction the drive shaft cannot rotate further in the
first direction.

Circuit breaker according to any of claims 9-14,

wherein a counter rotation of the drive shaft in a
second direction opposite to the first direction is
configured to provide a counter rotation to the sec-
ond part of the coupler around the axis of the drive
shaft in the second direction and provide a counter
rotation to the third part of the coupler around the axis
of the drive shaftin the second direction, wherein the
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counter rotation of the second part of the coupler
around the axis of the drive shaft in the second
direction is configured to activate the first lever sys-
tem to move the moveable contact of the first vacuum
interrupter away from the fixed contact of the first
vacuum interrupter, and wherein the counter rotation
of the third part of the coupler around the axis of the
drive shaft in the second direction is configured to
activate the second lever system to move the move-
able contact of the second vacuum interrupter away
from the fixed contact of the second vacuum inter-
rupter.
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