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(54) LINEAR DRIVE FOR A CIRCUIT BREAKER

(57)  Thepresentinvention relates to A linear drive for
a circuit breaker, comprising:

- a connection rod (20);

- a first coil (30);

- a first plunger (40);

- a second coil (100); and

- a second plunger (80);

wherein the connection rod is configured to connect to a
movable contact of a circuit breaker;

wherein along an axis of the connection rod, the first coil is
adjacent to the first plunger and on an opposite side of the
first plunger to the second coil, the first plunger is be-
tween the first coil and the second coil, and the second
plunger is adjacent to the second coil and on an opposite
side of the second coil to the first plunger;

wherein in a first mode of operation:

activation of the first coil is configured to move the first
plunger away from the first coil along the axis of the
connection rod in a first direction by a first distance;
movement of the first plunger along the axis of the con-
nection rod in the first direction is configured to move the
second plunger along the axis of the connection rod in the
first direction by the first distance;

activation of the second coil is configured to move the
second plunger away from the second coil along the axis
of the connection rod in the first direction by a second
distance; and

movement of the second plunger along the axis of the
connection rod in the first direction is configured to move
the connection rod along the axis of the connection rod in
the first direction by a distance equal to the first distance
added to the second distance.
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Processed by Luminess, 75001 PARIS (FR)



1 EP 4 503 076 A1 2

Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to linear drives for
a circuit breaker.

BACKGROUND OF THE INVENTION

[0002] Today’s circuit breakers are equipped with
drives to provide the opening- and closing-operation to
get the electrical network connected and disconnected.
The circuit breaker operation, for example a vacuum
interrupter operation, takes place by a linear movement
in the range from 10 to 25mm to provide enough contact
distance to allow the making and breaking operation
under no load and under voltage and load current con-
ditions. Mainly these drives are equipped with mechan-
ical spring driven drives to enable long term storage (30
or more years) of energy as potential energy in charged
spring(s).

[0003] In some markets, market segments and pro-
ducts there exists the need to make the linear movement
by an electromagnetic-mechanical drive, e.g. required
especially in outdoor business. Here several electromag-
netic-mechanical drives are available in the market.
[0004] However, there are problems when large gaps
between electrodes/contacts of the circuit breaker are
required to be made, and reaction times need to be
increased, energy consumption needs to be decreased,
and control of the movement of the electrodes/contacts
with respect to each other needs to be controlled.
[0005] Existing drives cannot address these issues.

SUMMARY OF THE INVENTION

[0006] Therefore, itwould be advantageous to have an
improved drive for a circuit breaker, for example for low-,
medium- and high- voltage switchgears.

[0007] 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.

[0008] Inanaspect,thereis providedalineardrivefora
circuit breaker, comprising:

- aconnection rod;

- afirst coil;

- afirst plunger;

- asecond coil; and
- asecond plunger.

[0009] The connection rodis configured to connecttoa
movable contact of a circuit breaker. Along an axis of the
connection rod, the first coil is adjacent to the first plunger
and on an opposite side of the first plunger to the second
coil, the first plunger is between the first coil and the
second coil, and the second plunger is adjacent to the
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second coil and on an opposite side of the second coil to
the first plunger.
In a first mode of operation:

- activation of the first coil is configured to move the
first plunger away from the first coil along the axis of
the connection rod in a first direction by a first dis-
tance;

- movement of the first plunger along the axis of the
connection rod in the first direction is configured to
move the second plunger along the axis of the con-
nection rod in the first direction by the first distance;

- activation ofthe second coil is configured to move the
second plunger away from the second coil along the
axis of the connection rod in the first direction by a
second distance; and

- movement of the second plunger along the axis of
the connection rod in the first direction is configured
to move the connection rod along the axis of the
connection rod in the first direction by a distance
equal to the first distance added to the second dis-
tance.

[0010] Thus, the coils are used to push the plungers
away from them.

[0011] In an example, the second plunger is fixedly
connected to the connection rod.

[0012] In an example, the connection rod comprises a
flange. The flange is fixedly connected to the connection
rod or the flange is a part of the rod. When the first plunger
moves away from the first coil along the axis of the
connection rod in the first direction the first plunger is
configured to engage with the flange to move the con-
nection rod in the first direction in the first direction by the
first distance.

[0013] Inanexample, the first coil is at a fixed location
within the drive.
[0014] In an example, the second coil is at a fixed

location within the drive.

[0015] Inanexample,the driveis configuredto activate
the first coil and the second coil simultaneously.

[0016] Inanexample,the driveis configured to activate
the first coil and then activate the second coil.

[0017] Inanexample,thedriveis configured to activate
the second coil after activation of the first coil has moved
the first plunger away from the first coil along the axis of
the connection rod in the first direction by the first dis-
tance.

[0018] Inanexample, the driveis configured to activate
the second coil and then activate the first coil.

[0019] Inanexample,thedriveis configured to activate
the first coil after activation of the second coil has moved
the second plunger away from the second coil along the
axis of the connection rod in the first direction by the
second distance.

[0020] In an example, the drive comprises a spring.
[0021] In a second mode of operation the spring is
configured to move the connection rod along the axis
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ofthe connection rod in a second direction opposite to the
first direction by a distance equal to the first distance
added to the second distance.

[0022] Thus, in the second mode the spring is used to
bring the drive back to the start position, and moves the
plungers in an opposite direction to the movement pro-
vided by the coils.

[0023] Inanaspect,thereis providedalineardrive fora
circuit breaker, comprising:

- aconnection rod;

- afirst coil;

- afirst plunger;

- asecond coil; and
- asecond plunger.

[0024] The connectionrodis configuredto connecttoa
movable contact of a circuit breaker. Along an axis of the
connection rod, the first coil is adjacent to the first plunger
and on an opposite side of the first plunger to the second
coil, the first plunger is between the first coil and the
second coil, and the second plunger is adjacent to the
second coil and on an opposite side of the second coil to
the first plunger.

In a first mode of operation:

- activation of the first coil is configured to move the
first plunger toward the first coil along the axis of the
connection rod in a first direction by a first distance;

- movement of the first plunger along the axis of the
connection rod in the first direction is configured to
move the second plunger along the axis of the con-
nection rod in the first direction by the first distance;

- activation of the second coil is configured to move the
second plunger toward the second coil along the axis
ofthe connection rod in the first direction by a second
distance; and

- movement of the second plunger along the axis of
the connection rod in the first direction is configured
to move the connection rod along the axis of the
connection rod in the first direction by a distance
equal to the first distance added to the second dis-
tance.

[0025] Thus, the coils are used to pull the plungers
towards them.

[0026] In an example, the second plunger is fixedly
connected to the connection rod.

[0027] In an example, the connection rod comprises a
flange. The flange is fixedly connected to the connection
rod or the flange is a part of the rod, and wherein when the
first plunger moves toward the first coil along the axis of
the connection rod in the first direction the first plunger is
configured to engage with the flange to move the con-
nection rod in the first direction in the first direction by the
first distance.

[0028] Inanaspect,thereis providedalineardrive fora
circuit breaker, comprising:
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- aconnection rod;

- afirst coil;

- afirst plunger;

- asecond coil; and
- asecond plunger.

[0029] The connectionrodis configured to connecttoa
movable contact of a circuit breaker. Along an axis of the
connection rod, the first coil is adjacent to the first plunger
and on an opposite side of the first plunger to the second
coil, the first plunger is between the first coil and the
second coil, and the second plunger is adjacent to the
second coil and on an opposite side of the second coil to
the first plunger.

In a first mode of operation:

- activation of the first coil is configured to move
the first plunger away from the first coil along the
axis of the connection rod in a first direction by a
first distance;

- movement of the first plunger along the axis of
the connection rod in the first direction is con-
figured to move the second plunger along the
axis of the connection rod in the first direction by
the first distance;

- activation of the second coil is configured to
move the second plunger away from the second
coil along the axis of the connection rod in the
first direction by a second distance; and

- movement of the second plunger along the axis
of the connection rod in the first direction is
configured to move the connection rod along
the axis of the connection rod in the first direction
by a distance equal to the first distance added to
the second distance.

In a second mode of operation:

- activation of the first coil is configured to move
the first plunger toward the first coil along the
axis of the connection rod in a second direction
by the first distance, and wherein the second
direction is opposite to the first direction;

- movement of the first plunger along the axis of
the connection rod in the second direction is
configured to move the second plunger along
the axis of the connection rod in the second
direction by the first distance;

- activation of the second coil is configured to
move the second plunger toward the second
coil along the axis of the connection rod in the
second direction by a second distance; and

- movement of the second plunger along the axis
of the connection rod in the first direction is
configured to move the connection rod along
the axis of the connection rod in the second
direction by a distance equal to the first distance
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added to the second distance.

[0030] Thus, the coils in a first mode of operation the
coils push the plungers away from them, and in a second
mode of operation the coils pull the plungers towards
them.

[0031] The above aspect and examples will become
apparent from and be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Exemplary embodiments will be described in
the following with reference to the following drawings:

Fig. 1 shows an example of a linear drive for a circuit
breaker in open, semi closed, and closed positions;

Fig. 2 shows an example of a linear drive for a circuit
breaker in a closed position;

Fig. 3 shows an example of the linear drive for a
circuit breaker of Fig. 2 in an open position;

Fig. 4 shows an example of a linear drive for a circuit
breaker in a closed position - it is to be noted that a
gap is shown above plunger 80 but there can be no
gap or a very small gap;

Fig. 5 shows an example of the linear drive for a
circuit breaker of Fig. 4 in an open position;

Fig. 6 shows an example of a linear drive for a circuit
breaker in a closed position - the spring 120 s ar-
ranged to support the contact force and it is to be
noted thata gap is shown above plunger 80 but there
can be no gap or a very small gap;

Fig. 7 shows an example of the linear drive for a
circuit breaker of Fig. 6 in an open position - the
spring 120 is not shown because it has been com-
pressed;

Fig. 8 shows an example of a linear drive for a circuit
breaker in a closed position;

Fig. 9 shows an example of the linear drive for a
circuitbreaker of Fig. 8 in an open position - -itis to be
noted that a gap is shown above plunger 80 but there
can be no gap or a very small gap; and

Figs. 10a-9b show an example of a latching device
for a linear drive for a circuit breaker.

DETAILED DESCRIPTION OF EMBODIMENTS

[0033] The newdevelopmentsrelate tolineardrives for
circuit breakers, as shown in specific examples of Figs.
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1-9, and 10a-10b. It is to be noted that the following
description relates to two-stage drives with two coils
and two plungers, but the drive can be a three stage,
four stage or N stage drive, with three coils and three
plungers, four coils and four plungers, or N coils and N
plungers. The movement of the travel can be adjusted by
energizing the coils or generating eddy current within a
magnetic flux circuit to deaccelerate the drive mechan-
ism. In case the coil(s) will be energized like a Thomson
coil the velocity can be even faster. Anyhow the drive will
be comparable faster in case all coils are perfectly en-
ergized, all gaps to be closed are lower and active like
linear motor rail, linear motor device. These drives can
even work up to more than 5m/s.

[0034] Inanexample, alinear drive for a circuit breaker
comprises:

- aconnection rod 20;

- afirst coil 30;

- afirst plunger 40;

- asecond coil 100; and
- asecond plunger 80.

[0035] The connectionrodis configured toconnecttoa
movable contact of a circuit breaker. Along an axis of the
connection rod, the first coil is adjacent to the first plunger
and on an opposite side of the first plunger to the second
coil, the first plunger is between the first coil and the
second coil, and the second plunger is adjacent to the
second coil and on an opposite side of the second coil to
the first plunger.

[0036] In a first mode of operation:

- activation of the first coil is configured to move the
first plunger away from the first coil along the axis of
the connection rod in a first direction by a first dis-
tance;

- movement of the first plunger along the axis of the
connection rod in the first direction is configured to
move the second plunger along the axis of the con-
nection rod in the first direction by the first distance;

- activation ofthe second coil is configured to move the
second plunger away from the second coil along the
axis of the connection rod in the first direction by a
second distance; and

- movement of the second plunger along the axis of
the connection rod in the first direction is configured
to move the connection rod along the axis of the
connection rod in the first direction by a distance
equal to the first distance added to the second dis-
tance.

[0037] Thus, the coils are pushing the plungers away
from them.

[0038] Thus, the connection rod has been moved by a
distance equal to the first distance, provided by a first
stage of the drive, plus the second distance, provided by
a second stage of the drive, but the first stage has only
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required to move components by the first distance and
the second stage only required to move components by
the second distance.

[0039] In effect the first coil 30 and the first plunger 40
are part of a first stage and the second coil 100 and the
second plunger are part of a second stage, and the coil of
the first stage activates to move the first plunger that
moves the connection rod and the second plunger axially
and the coil of the second stage activates to move the
second plunger that continues to move the connection
rod axially. The overall movement of the connection rod is
then provided by a movement from the second stage
added to a movement of the first stage.

[0040] Thus, rather than a circuit breaker drive in effect
closing one large gap, several gaps are closed cumula-
tively to provide for a larger gap closure.

[0041] In this way, all the gaps can be closed simulta-
neously through simultaneous activation of the different
coils, and a time for an overall closing movement can be
reduced and will be more precise at start to close, will
close / open with reduced delay from timing.

[0042] However, the coils can operate consecutively,
or in an overlapped manner, and the temporal profile of
the movement of the movable contact (the travel curve)
can be controlled as required.

[0043] Energy consumption is reduced, because in
effect all the "gaps" that need to be closed are smaller
than one big gap.

[0044] However, in addition very large spacing for con-
tacts of a circuit breaker can be accommodated, where
the linear drive can be used to make linear movements of
the connection rod of up to 60mm and more. This can be
achieved through example by having more stages than
the two described above, where there can be a whole
series of coils and plungers operating in relay, closing
multiple gaps cumulatively to provide a very large overall
gap movement.

[0045] Accordingtoan example, the second plungeris
fixedly connected to the connection rod.

[0046] According to an example, the connection rod
comprises a flange 90. The flange is fixedly connected to
the connection rod or the flange is a part of the rod. When
the first plunger moves away from the first coil along the
axis of the connection rod in the first direction the first
plunger is configured to engage with the flange to move
the connection rod in the first direction in the first direction
by the first distance.

[0047] According to an example, the first coil is at a
fixed location within the drive.

[0048] Accordingto an example, the second coil is ata
fixed location within the drive.

[0049] Accordingtoanexample, the driveis configured
to activate the first coil and the second coil simulta-
neously.

[0050] Accordingtoanexample,the driveis configured
to activate the first coil and then activate the second coil.
[0051] Accordingtoanexample,the driveis configured
to activate the second coil after activation of the first coil
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has moved the first plunger away from the first coil along
the axis of the connection rod in the first direction by the
first distance.

[0052] Accordingtoanexample, the drive is configured
to activate the second coil and then activate the first coil.
[0053] Accordingtoanexample,the driveis configured
to activate the first coil after activation of the second coil
has moved the second plunger away from the second coil
along the axis of the connection rod in the first direction by
the second distance.

[0054] Accordingto an example, the drive comprises a
spring 10. In a second mode of operation the spring is
configured to move the connection rod along the axis of
the connection rod in a second direction opposite to the
first direction by a distance equal to the first distance
added to the second distance.

[0055] Thus, the coils act in a first mode to push the
plungers away from them, and in a second mode the
spring can bring the drive back to a start position.
[0056] In other words, the coils 30 and 100 with the
associated plungers 40 and 80 are used to move the
connection rod, for example to an open position. In doing
s0, the spring can for example have energy stored in it.
The drive canthen be held orlatched in position, however
when the latch is released the spring 10 supports the
open operation.

[0057] Inanexample, alineardrive for a circuit breaker
comprises:

- aconnection rod 20;

- afirst coil 30;

- afirst plunger 40;

- asecond coil 100; and
- asecond plunger 80.

[0058] The connection rodis configured to connecttoa
movable contact of a circuit breaker. Along an axis of the
connection rod, the first coil is adjacent to the first plunger
and on an opposite side of the first plunger to the second
coil, the first plunger is between the first coil and the
second coil, and the second plunger is adjacent to the
second coil and on an opposite side of the second coil to
the first plunger.

[0059] In a first mode of operation:

- activation of the first coil is configured to move the
first plunger toward the first coil along the axis of the
connection rod in a first direction by a first distance;

- movement of the first plunger along the axis of the
connection rod in the first direction is configured to
move the second plunger along the axis of the con-
nection rod in the first direction by the first distance;

- activation ofthe second coil is configured to move the
second plunger toward the second coil along the axis
of the connection rod in the first direction by a second
distance; and

- movement of the second plunger along the axis of
the connection rod in the first direction is configured
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to move the connection rod along the axis of the
connection rod in the first direction by a distance
equal to the first distance added to the second dis-
tance.

[0060] Thus, the connection rod has been moved by a
distance equal to the first distance, provided by a first
stage of the drive, plus the second distance, provided by
a second stage of the drive, but the first stage has only
required to move components by the first distance and
the second stage only required to move components by
the second distance.

[0061] In effect the first coil 30 and the first plunger 40
are part of a first stage and the second coil 100 and the
second plunger are part of a second stage, and the coil of
the first stage activates to move the first plunger that
moves the connection rod and the second plunger axially
and the coil of the second stage activates to move the
second plunger that continues to move the connection
rod axially. The overall movement of the connection rod is
then provided by a movement from the second stage
added to a movement of the first stage.

[0062] Thus, in this example the drive is working in an
opposite sense to the previously described drive, where
rather than pushing plungers by coils, the coils are pulling
plungers towards them.

[0063] Accordingtoan example, the second plungeris
fixedly connected to the connection rod.

[0064] According to an example, the connection rod
comprises a flange 110. The flange is fixedly connected
to the connection rod or the flange is a part of the con-
nection rod. When the first plunger moves toward the first
coil along the axis of the connection rod in the first
direction the first plunger is configured to engage with
the flange to move the connection rod in the first direction
in the first direction by the first distance.

[0065] Inanexample, the first coil is at a fixed location
within the drive.

[0066] In an example, the second coil is at a fixed
location within the drive.

[0067] Inanexample,the driveis configured to activate
the first coil and the second coil simultaneously.

[0068] Inanexample,the driveis configured to activate
the first coil and then activate the second coil.

[0069] Inanexample,thedriveis configured to activate
the second coil after activation of the first coil has moved
the first plunger toward the first coil along the axis of the
connection rod in the first direction by the first distance.
[0070] Inanexample,the driveis configured to activate
the second coil and then activate the first coil.

[0071] Inanexample,the driveis configured to activate
the first coil after activation of the second coil has moved
the second plunger toward the second coil along the axis
of the connection rod in the first direction by the second
distance.

[0072] Inanexample, the drive comprises a spring 10.
In a second mode of operation the spring is configured to
move the connection rod along the axis of the connection
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rod in a second direction opposite to the first direction by a
distance equal to the first distance added to the second
distance.

[0073] Inanexample, alinear drive for a circuit breaker
comprises:

- aconnection rod 20;

- afirst coil 30;

- afirst plunger 40;

- asecond coil 100; and
- asecond plunger 80.

[0074] The connection rodis configured to connecttoa
movable contact of a circuit breaker. Along an axis of the
connection rod, the first coil is adjacent to the first plunger
and on an opposite side of the first plunger to the second
coil, the first plunger is between the first coil and the
second coil, and the second plunger is adjacent to the
second coil and on an opposite side of the second coil to
the first plunger;

[0075] In a first mode of operation:

- activation of the first coil is configured to move the
first plunger away from the first coil along the axis of
the connection rod in a first direction by a first dis-
tance;

- movement of the first plunger along the axis of the
connection rod in the first direction is configured to
move the second plunger along the axis of the con-
nection rod in the first direction by the first distance;

- activation ofthe second coil is configured to move the
second plunger away from the second coil along the
axis of the connection rod in the first direction by a
second distance; and

- movement of the second plunger along the axis of
the connection rod in the first direction is configured
to move the connection rod along the axis of the
connection rod in the first direction by a distance
equal to the first distance added to the second dis-
tance.

[0076] In a second mode of operation:

- activation of the first coil is configured to move the
first plunger toward the first coil along the axis of the
connection rod in a second direction by the first
distance, and wherein the second direction is oppo-
site to the first direction;

- movement of the first plunger along the axis of the
connection rod in the second direction is configured
to move the second plunger along the axis of the
connection rod in the second direction by the first
distance;

- activation ofthe second coil is configured to move the
second plunger toward the second coil along the axis
of the connection rod in the second direction by a
second distance; and

- movement of the second plunger along the axis of
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the connection rod in the first direction is configured
to move the connection rod along the axis of the
connection rod in the second direction by a distance
equal to the first distance added to the second dis-
tance.

[0077] Thus,this example of drive can be considered to
be a combination of parts of the above two drives com-
bined together. Now, the coils and plungers are used to
move the connection rod in both directions.

[0078] In an example, the second plunger is fixedly
connected to the connection rod.

[0079] Itis to be noted that the description, for ease or
explanation, relates to a two-stage drive, with two sets of
coils and two plungers. But the drive can be a multi-stage
drive, with three or more sets of coils and three or more
associated plungers. When there are numerous coils/-
plunger, then the last plunger is fixedly connected to the
connection rod.

[0080] Inan example, the connection rod comprises a
first flange 90. The first flange is fixedly connected to the
connection rod or the first flange is a part of the connec-
tion rod. When the first plunger moves away from the first
coil along the axis of the connection rod in the first
direction the first plunger is configured to engage with
the first flange to move the connection rod in the first
direction in the first direction by the first distance.

[0081] Inanexample, the first coil is at a fixed location
within the drive.
[0082] In an example, the second coil is at a fixed

location within the drive.

[0083] Inanexample,inthe first mode of operation the
drive is configured to activate the first coil and the second
coil simultaneously.

[0084] Inanexample, inthe first mode of operation the
drive is configured to activate the first coil and then
activate the second coil.

[0085] Inanexample, in the first mode of operation the
drive is configured to activate the second coil after acti-
vation of the first coil has moved the first plunger away
from the first coil along the axis of the connection rod in
the first direction by the first distance.

[0086] Inanexample, inthe first mode of operation the
drive is configured to activate the second coil and then
activate the first coil.

[0087] Inanexample, in the first mode of operation the
drive is configured to activate the first coil after activation
of the second coil has moved the second plunger away
from the second coil along the axis of the connection rod
in the first direction by the second distance.

[0088] Inan example, the connection rod comprises a
second flange 110. The second flange is fixedly con-
nected to the connection rod or the second flange is a
part of the rod. When the first plunger moves toward the
first coil along the axis of the connection rod in the second
direction the first plunger is configured to engage with the
second flange to move the connection rod in the second
direction by the first distance.
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[0089] Inanexample, inthe second mode of operation
the drive is configured to activate the first coil and the
second coil simultaneously.

[0090] Inanexample, in the second mode of operation
the drive is configured to activate the first coil and then
activate the second coil.

[0091] Inanexample, in the second mode of operation
the drive is configured to activate the second coil after
activation of the first coil has moved the first plunger
toward the first coil along the axis of the connection
rod in the first direction by the first distance.

[0092] Inanexample, in the second mode of operation
the drive is configured to activate the second coil and then
activate the first coil.

[0093] Inanexample, inthe second mode of operation
the drive is configured to activate the first coil after
activation of the second coil has moved the second
plunger toward the second coil along the axis of the
connection rod in the first direction by the second dis-
tance.

[0094] The newlineardrives will now be described with
respect to several specific embodiments, where refer-
ence is made to Figs. 1-9 and 10a-9b.

[0095] The inventor’s started from the existing posi-
tion, where a circuit breaker needs a one gap to be closed
or opened in a single stroke, which has associated limita-
tions.

[0096] The new development for the new linear drives
is to provide a drive that has divided the closing of a single
big gap in one step into closing a gap into several smaller
steps. Having smaller gaps to be closed provides for
better magnetic flux through each open "smaller" gap
and increases the magnetic force to close the "smaller"
gap and hence the overall gap.

[0097] This provides for better steering of electrome-
chanics drive:

- afaster reaction time is provided

- energy consumption is reduced because all gaps to
be closed are smaller (transient sequence).

- thetravel curve canbeinfluenced and adjusted to the
needs of the particular circuit breaker system / inter-
ruption device.

- bigger gaps between contacts of a circuit breaker,
even up to 60 and + mm, can be closed/opened
through the new electromechanical drives.

- in some applications no permanent magnetic mate-
rial is needed to provide the holding force.

- remanence of the magnetic circuit can already be
sufficient to provide the holding force in end posi-
tions, or bistable mechanical latching Fig. 10 a) b)
can be utilised.

- Fastermovementcan be achieved like a linear motor
- "rail-gun" -.

[0098] Thus, the movable side of the new drive is
directly connected to the main (connection) rod to the
interruption device - the circuit breaker. The new devel-
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opment is to move the main rod by using some smaller
gaps in the multistage electromagnetic device like a
linear motor. That means in the new technique, the main
connection rod is moved by in effect drive plates (plun-
gers) which are closing in a row and drive the main rod of
drive by a gap distance that is a sum of the smaller gap
closures. For example, the first gap will be close quite fast
and precisely from the timing perspective. The first stage
will close and accelerate the mass of the movable parts.
The second, or all further steps, can then close after each
other and so the drive will close completely and the
needed energy for the complete device operation will
be reduced. This is possible because two or more gaps
are closed, but here each gap to be closed is smaller than
a single a "huge" gap that must be overcome in case of
existing one step electromechanical drive. It is to be
noted, that this description has all stages closing one
after the other, but all stages can close simultaneously if
required.

[0099] In the new development, rather than closing/o-
pening one single "big" gap to provide for the required
movement of the connection rod, two gaps (but there can
be more than two if further stages are utilized) are clo-
sed/opened. In an example, all stages are used to close
all smaller gaps in a row like a linear motor, and the same
can be done during opening in the opposite direction, and
here the opening can be better than existing spring based
opening, because all stages can be used to accelerate
the circuit breaker - however a spring can be used for
drive in one direction, with coils and plungers of a set of
stages used to close gaps in the other direction. In addi-
tion, and thanks to all steps the drive can be steered (the
coils) by providing current to each coil separately con-
trolled by an electronic device. Current can be fed to all
the coils to allow movement at one time to decrease the
open/close time, but then control of the travel curve is not
as great as when coils are controlled individually, where
in effectthere is a serial connection of all magnetic circuits
to provide closing and opening of drive. As discussed
here, the coils and plungers of each stage can be used to
close gaps and move a connection rod in one direction
and can also open gaps to move the connection rod in the
opposite direction. However, the coils and plungers of
each stage can be used to close gaps and move the
connection rod in one direction and a spring 10 can be
used to move the connection rod in the opposite, or the
coils and plungers of each stage can be used to open
gaps and move the connection rod in one direction and a
spring can be used to move the connection rod in the
opposite.

[0100] In the figures

[0101] Fig. 1 shows an embodiment of the new drive.
On the left the drive is in the open configuration. Plunger
40 is attracted towards and moves towards coils 30 and
engages with rand board/flange 110 that is fixed to con-
nection rod 20 that moves the connection rod upwards.
The plunger 80 is also connected to the connection rod 20
and is also move upwards. This can be seen in the
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transition from the open configuration to the semi closed
configuration. Then a second stage of closing is made,
where plunger 80 is attracted towards and moves to-
wards coils 100. This continues to move the connection
rod upwards until an overall closure movement has been
made that is greater than the individual closing move-
ments.

[0102] Figs. 2 and 3 show an embodiment of the new
drive, with Fig. 2 showing the drive in a closed config-
uration for a circuit breaker when closed, where both
plungers are in the closed position adjacent to the asso-
ciated coils, with Fig, 3 showing the drive in an open
configuration for the circuit breaker when open, where
both plungers are in the open position spaced from the
associated coils.

[0103] Figs. 4 and 5 show an embodiment of the new
drive, with Fig. 4 showing the drive in a closed config-
uration for a circuit breaker when closed. where both
plungers are in the closed position adjacent to the asso-
ciated coils, with Fig, 5 showing the drive in an open
configuration for the circuit breaker when open, where
both plungers are in the open position spaced from the
associated coils.

[0104] Figs. 6 and 7 show an embodiment of the new
drive, with Fig. 6 showing the drive in a closed config-
uration for a circuit breaker when closed, where both
plungers are in the closed position adjacent to the asso-
ciated coils, with Fig, 7 showing the drive in an open
configuration for the circuit breaker when open, where
both plungers are in the open position spaced from the
associated coils.

[0105] Figs. 8 and 9 show an embodiment of the new
drive, with Fig. 8 showing the drive in a closed config-
uration for a circuit breaker when closed, where both
plungers are in the closed position adjacent to the asso-
ciated coils, with Fig, 9 showing the drive in an open
configuration for the circuit breaker when open, where
both plungers are in the open position spaced from the
associated coils.

[0106] In the figures, the spring 10 is expanded in the
open configurations because the connection rod has
been driven downwards and the circuit breaker is open,
andthe spring 10 canthen be usedto "open" the drive and
the circuit breaker. However, the spring 10 is not essen-
tial, and the coils 30 and 100 with plungers 40 and 80 can
be used to drive the connection rod 20 in both directions.
[0107] The following provides an example of required
movement of the drives. For example, then can be a
contact gap distance of 17mm inside the vacuum inter-
rupter, and the total travel of the linear movement needs
to be today 17mm gap plus a 4mm contact spring gap =
21mm to come to a closed position.

[0108] Inthe new design, to avoid this huge single gap
distance to be closed in a drive the new drive uses multi-
stages to get the total closing in order that the opening
gap is divided into several gaps, which are closed during
the operation or opened in the opposite sense. All placed
coils can be energized at the same time, and the me-
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chanism starts to close at first with the smallest gap and at
the same time the main rod moves in a linear way to close
the electromagnetic- mechanical mechanism. The
further gap of the plunger at the main rod is moving at
the same time to a more closed gap distance and the
magnetic force will become higher to move the main rod
into the closed position. The way to close is done by the
activation of some stages in order to have at any time
smaller gaps during the total closing operation, which
reduces the needed energy consumption of the full ar-
rangement. It is also possible to energize the coils se-
parately from each other, through an electronic device, to
optimize the travel curve of the breaker mechanism and
to save energy during the operation as well.

[0109] The stages, which are movable on the main
connection rod, can be used to support the holding force
at closed (which can be provided by a spring 120) and
takes a part of the force which is needed to lower the
contact resistance at closed contact position of vacuum
interrupter. In the other direction the stages can be used
to make a "free wheel" movement at opening and on an
arranged board at the rod the free disc/part will be
stopped to provide a so called "hammer - effect" to break
the unavoidable micro-welding at the point of contact
separation inside the interruption / e.g. vacuum interrup-
ter device.

[0110] In case there are two "multi-stage" drives in-
stalled in the opposite direction to each other a pulling
and a pushing force can be provided like a bi-stable
magnetic mechanism by using permanent magnet flux
or by a knee construction shown in Fig.10a/b. The knee
mechanism can be made/done inside the main mechan-
ical chain / loop.

[0111] Referring to Fig, 1, Figs. 2-3, and Figs. 4-5, and
Figs. 6-7.
[0112] In the new design of linear drive, or multistage

actuator, the full gap distance between plunger 80 and
closed position is provided by two stages at least. The
gap between the first plunger 40 will be closed in the first
step while energizing the coil 30 to reduce the gap dis-
tance by the touch of rand board/flange 90 for the follow-
ing stage with energizing the coil 100 with plunger 80. In
an example, one permanent magnet 60 can be used to
keep the drive finally in a closed position, as shown in
Figs. 2, 4, and 6 - however the drive can be kept in this
position by the coils themselves and/or with a mechanical
latch system as shown in figs. 9a-9b. By energizing coils
30and 100 for firstand second stage at the same time the
electronic steering device can be kept simple. But there
exists still the opportunity to steer or driver the two (or
more coils in case of more stages in the drive) by an
electronic device separately from each other. To get an
emergency opening on the breaker the permanent mag-
net flux can be "bridged" by a ferromagnetic cylinder /
plate oriented around or on top of the part to reduce
magnetic field at plunger part 80. The magnetic flux
through the ferromagnetic part will weaken the holding
force at plunger 80 that based on the opening spring 10
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and the electromagnetic- mechanical breaker will oper-
ate to the open position shown in Figs. 3, 5, and 7 - but as
discussed spring 10 is not essential. Not shown is the
possible placement of the permanent magnet on plunger
part 80, that’s an alternative to the positioning between
the support part 50 for the second stage and the ferro-
magnetic parts 70 for the second stage.

Referring to Figs. 8-9, and Figs. 10a-9b

[0113] In the new design of linear drive, or multistage
actuator, the full gap distance between plunger 80 and
closed position is provided by two stages at least. The
gap between the first plunger 40 will be closed in the first
step while energizing the coil 30 to reduce the gap dis-
tance by the touch of rand board/flange 90 for the follow-
ing stage with energizing the coil 100 with plunger 80. In
an example, only need of one permanent magnet 60 can
be used to keep the drive finally in a closed position as
shown in Fig. 8 - However the drive can be kept in this
position by the coils themselves and/or with a mechanical
latch system as shown in Figs. 10a-9b. Here a second
magnet 130 can be located to latch the plunger 40 at the
closed position. Plunger 40 can also be latched by using
the hysteresis of a selected drive material which allows
sufficient hysteresis in magnetizing that a certain mag-
neticfluxis given to keep the plunger 40 in closed position
and in this situation a contact closing spring can be
applied that will support contact force while at the closed
position. If all the stages are designed in such a way to
use the hysteresis and magnetic flux on all stages that will
be sufficient to keep the mechanism in closed position
and in this situation, there are some interacting closing
springs in series connected the breaker can be kept close
without any use of "strong" permanent magnetic parts.
[0114] By energizing coils 30 and 100 for first and
second stages at the same time the electronic steering
device can be kept simple. But there exists still the
opportunity to steer (drive) the two (or more coils in case
of more stages in the drive) by an electronic device. To get
an emergency opening on the breaker the permanent
magnet flux can be bridged by a ferromagnetic cylinder /
plate oriented around or on top of the part to reduce
magnetic field at plunger parts 80 and 40. The magnetic
flux through the ferromagnetic part will weaken the hold-
ing force at plungers 80 and 40 that based on the opening
spring 10 the electromagnetic- mechanical breaker will
operate to the open position shown in Fig.9. The plunger
design can be made in a different way from the construc-
tion point of view, and there exist the opportunity to have
in different stages different sizes of plunger in diameter
and the thickness on each stage that can vary to find
optimum structures related with respect to inertia to
realize robust mechanical operation.

[0115] Instead of using the permanent magnet ar-
rangement for latching, there exists the opportunity to
latch the stages by a knee-mechanism Fig.10a-9b bis-
table device to provide the held opening Fig. 10a or
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closing positions Fig. 10b. To keep the mechanical solu-
tion in a way robust enough in the perspective of long
mechanical life and the cost for those parts low, a hybrid
solution can be chosen by the use of a knee-mechanism
and the use of hysteresis magnetic flux inside the plunger
and or the use of more cost-effective magnets with re-
duced magnetic flux compared to NeFeBo magnets.
Thus, in some applications permanent magnetic are
not needed with respect to maintaining close or open
positions, where ferromagnetic material can be used,
and the remanence of material can be used to have fixed
drive position without or with less back bounce of the
device (Hard magnetic material).

[0116] Thus, in general to open may both coils 30 and
100 are energized at the same time (but could be acti-
vated at different times) to push plunger 40 and plunger
80 downward - as seen in Figs. 1-9. Plunger 40 engages
with a flange 90 of the connection rod 20 to move the rod
downwards by a first distance (afirst gap). Here plungers
40 and 80 are acting to open the drive (using the flange
90), and both coils 30 and 100 are energized by current
the opening force can be added for the stroke of the first
stage, and when the first stage is in an end position the
movement of the connection rod 20 continues with the
second stage until the drive is fully open. The coil activa-
tion can be simultaneous or can be one after the other or
offset by different amounts to change the travel curve or
temporal profile of the connection rod movement. Simi-
larly in the closing operation, the coils can be energized
together or separately, and indeed a spring can be used
to provide the energy to drive in one direction if required.
[0117] The discussion above relating to Figs. 1-9 has
related to in effect a two stage system with coil 30 and
plunger 40 forming a first stage and coil 100 and plunger
80 forming a second stage, but there can be further
stages stacked together using the described new devel-
opment, where the connection rod can be moved by an
overall distance (large gap) provided by a summation of
individual distances (small gaps) and in this way move-
ments of 60mm, 80mm or even more can be achieved.
[0118] The new drive provides the following:

¢ Using multistage electromagnetic- mechanic drive,
each single gap will be smaller to overcome the full
and needed complete gap distance, the inertia of the
main and final closing part can be lower.

e The total amount of energy consumption can be
selected lower because each single gap is smaller
to be actuated/moved.

¢ When closing/opening the drive, the mechanism will
react/work more precisely from the timing perspec-
tive due to the multistage application and the toler-
ance of each step/stage inside the drive plays a
subordinate role.

¢ The temperature dependency (in application) has a
lower influence on the travel characteristic of the
drive.

* Because there is less electric-mechanic energy in-
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side the loop, the impulse at closing can be reduced.

¢  The final closing/opening force can be supported by
the mechanism stages, arranged springs in addition
at each stage are supporting the closing and contact
force in close position.

e One or more stages can be used to break micro
welding between VI contacts at opening.

e Even within the multistage design it will be sufficient
to have only one or no permanent magnet in the
drive. The magnetic holding effect can be taken from
magnetic hysteresis to interacting parts, and/or the
permanent magnet, and/or by a knee mechanism
integrated in the drive to get a be-stable position.
Thus, a hybrid can be arranged at least in one stage.

* Incase there are two "multi-stage" drives installed in
the opposite direction to each other a pulling and a
pushing force can be provided like a bi-stable mag-
netic mechanism by using permanent magnet flux or
by a knee construction shown in Fig.10a/b.

Reference Numerals

[0119]

10 Opening spring

20 Connection rod

30 Closing/opening coil for plunger 40

40 Plunger to close first stage

50 Support part for second stage

60 Permanent magnets to keep drive in closed posi-
tion

70 Ferromagnetic parts for second stage

80 Plunger in second stage for final operation

90 Rand board/flange to allow force from first stage
for opening

100 Closing/opening coil for plunger 80

110 Rand board/flange to allow closing from first
stage to reduce gap in second stage

120 Contact opening spring or in the opposite direc-
tion on the flange 90 but not shown here contact force
support spring

130 Permanent magnets to keep drive in closed
position, here for the first stage with plunger 40

Claims
1. Alinear drive for a circuit breaker, comprising:

- a connection rod (20);

- a first coil (30);

- a first plunger (40);

- a second coil (100); and
- a second plunger (80);

wherein the connection rod is configured to
connect to a movable contact of a circuit
breaker;
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wherein along an axis of the connection rod,
the first coil is adjacent to the first plunger
and on an opposite side of the first plunger
to the second caoil, the first plunger is be-
tween the first coil and the second coil, and
the second plunger is adjacent to the sec-
ond coil and on an opposite side of the
second coil to the first plunger;

wherein in a first mode of operation:

activation of the first coil is configured to
move the first plunger away from the
first coil along the axis of the connection
rod in a first direction by a first distance;
movement of the first plunger along the
axis of the connection rod in the first
direction is configured to move the sec-
ond plunger along the axis of the con-
nection rod in the first direction by the
first distance;

activation of the second coil is config-
ured to move the second plunger away
from the second coil along the axis of
the connection rod in the first direction
by a second distance; and

movement of the second plunger along
the axis of the connection rod in the first
direction is configured to move the con-
nection rod along the axis of the con-
nection rod in the first direction by a
distance equal to the first distance
added to the second distance.

Drive according to claim 1, wherein the second
plunger is fixedly connected to the connection rod.

Drive according to any of claims 1-2, wherein the
connection rod comprises a flange (90), wherein the
flange is fixedly connected to the connection rod or
the flange is a part of the rod, and wherein when the
first plunger moves away from the first coil along the
axis of the connection rod in the first direction the first
plunger is configured to engage with the flange to
move the connection rod in the first direction in the
first direction by the first distance.

Drive according to any of claims 1-3, wherein the first
coil is at a fixed location within the drive.

Drive according to any of claims 1-4, wherein the
second caoil is at a fixed location within the drive.

Drive according to any of claims 1-5, wherein the
drive is configured to activate the first coil and the
second coil simultaneously.

Drive according to any of claims 1-5, wherein the
drive is configured to activate the first coil and then
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10.

1.

12.

activate the second coil.

Drive according to claim 7, wherein the drive is
configured to activate the second coil after activation
of the first coil has moved the first plunger away from
the first coil along the axis of the connectionrod in the
first direction by the first distance.

Drive according to any of claims 1-5, wherein the
drive is configured to activate the second coil and
then activate the first coil.

Drive according to claim 9, wherein the drive is
configured to activate the first coil after activation
of the second coil has moved the second plunger
away from the second coil along the axis of the
connection rod in the first direction by the second
distance.

Drive according to any of claims 1-10, wherein the
drive comprises a spring (10), and wherein in a
second mode of operation the spring is configured
to move the connection rod along the axis of the
connection rod in a second direction opposite to the
first direction by a distance equal to the first distance
added to the second distance.

A linear drive for a circuit breaker, comprising:

- a connection rod (20);

- afirst coil (30);

- a first plunger (40);

- a second coil (100); and
- a second plunger (80);

wherein the connection rod is configured to
connect to a movable contact of a circuit
breaker;

wherein along an axis of the connection rod,
the first coil is adjacent to the first plunger
and on an opposite side of the first plunger
to the second caoil, the first plunger is be-
tween the first coil and the second coil, and
the second plunger is adjacent to the sec-
ond coil and on an opposite side of the
second coil to the first plunger;

wherein in a first mode of operation:

activation of the first coil is configured to
move the first plunger toward the first
coil along the axis of the connection rod
in a first direction by a first distance;
movement of the first plunger along the
axis of the connection rod in the first
direction is configured to move the sec-
ond plunger along the axis of the con-
nection rod in the first direction by the
first distance;
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activation of the second caoil is config-
ured to move the second plunger to-
ward the second coil along the axis of
the connection rod in the first direction
by a second distance; and

movement of the second plunger along
the axis of the connection rod in the first
direction is configured to move the con-
nection rod along the axis of the con-
nection rod in the first direction by a
distance equal to the first distance
added to the second distance.

13. Drive according to claim 12, wherein the second

14.

plunger is fixedly connected to the connection rod.

Drive according to any of claims 12-13, wherein the
connection rod comprises a flange (110), wherein
the flange is fixedly connected to the connection rod
or the flange is a part of the rod, and wherein when
the first plunger moves toward the first coil along the
axis of the connection rod in the first direction the first
plunger is configured to engage with the flange to
move the connection rod in the first direction in the
first direction by the first distance.

15. A linear drive for a circuit breaker, comprising:

- a connection rod (20);

- a first coil (30);

- a first plunger (40);

- a second coil (100); and
- a second plunger (80);

wherein the connection rod is configured to
connect to a movable contact of a circuit
breaker;

wherein along an axis of the connection rod,
the first coil is adjacent to the first plunger
and on an opposite side of the first plunger
to the second caoil, the first plunger is be-
tween the first coil and the second coil, and
the second plunger is adjacent to the sec-
ond coil and on an opposite side of the
second coil to the first plunger;

wherein in a first mode of operation:

activation of the first coil is configured to
move the first plunger away from the
first coil along the axis of the connection
rod in a first direction by a first distance;
movement of the first plunger along the
axis of the connection rod in the first
direction is configured to move the sec-
ond plunger along the axis of the con-
nection rod in the first direction by the
first distance;

activation of the second coil is config-
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22

ured to move the second plunger away
from the second coil along the axis of
the connection rod in the first direction
by a second distance; and

movement of the second plunger along
the axis of the connection rod in the first
direction is configured to move the con-
nection rod along the axis of the con-
nection rod in the first direction by a
distance equal to the first distance
added to the second distance;
wherein in a second mode of operation:

activation of the first coil is config-
ured to move the first plunger to-
ward the first coil along the axis of
the connection rod in a second di-
rection by the first distance, and
wherein the second direction is op-
posite to the first direction;
movement of the first plunger
along the axis of the connection
rod in the second direction is con-
figured to move the second plun-
ger along the axis of the connec-
tion rod in the second direction by
the first distance;

activation of the second coil is con-
figured to move the second plun-
ger toward the second coil along
the axis of the connection rod in the
second direction by a second dis-
tance; and

movement of the second plunger
along the axis of the connection
rod in the first direction is config-
ured to move the connection rod
along the axis of the connection
rod in the second direction by a
distance equal to the first distance
added to the second distance.
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