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(567)  The present invention relates to an actuator for
a medium voltage circuit breaker. The actuator compris-
es a closing shaft (1), and a closing hook (2). The closing
shaft has a longitudinal axis. The closing shaft comprises
an interaction region at an interaction location along the
longitudinal axis. The closing shaft is configured to rotate
about the longitudinal axis. In a first state the closing shaft
is configured to be at a first rotational position, wherein
the closing hook is configured to be in contact with the
interaction region such that the closing hook cannot ro-
tate in a first rotational direction. In a second state the
closing shaft is configured to be at a second rotational
position, wherein the closing hook is configured to rotate
in the first rotational direction past the interaction region
of the closing shaft. The actuator is configured to transi-
tion from the first state to a third state, wherein the closing
shaft is configured to rotate from the first rotational posi-
tion to a third rotational position, wherein the closing hook
is configured to be in contact with the interaction region
such that the closing hook has been rotated in a second
rotational direction opposite to the first rotational direc-
tion.

ACTUATOR FOR A MEDIUM VOLTAGE CIRCUIT BREAKER
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to actuators for a
medium voltage circuit breaker.

BACKGROUND OF THE INVENTION

[0002] The checking of medium voltage (MV) and low
voltage (LV) mechanical actuators for circuit breakers
(CB) to establish that they are functioning correctly after
a period of nonusage or in a "closed" state, usually is
only possible through a regular actuation of the complete
CB or equivalent application. checking of only the actu-
ator with respect to its main latching elements and their
proper functioning is not possible.

[0003] There is a need to address this issue.

SUMMARY OF THE INVENTION

[0004] Therefore, it would be advantageous to have
means to check actuators for circuit breakers without
having to activate the complete circuit breaker.

The object of the present invention is solved with the
subject matter of the independent claims, wherein further
embodiments are incorporated in the dependent claims.
[0005] In a first aspect, there is provided an actuator
for a medium voltage circuit breaker, the actuator com-
prising:

- aclosing shaft; and
- aclosing hook.

[0006] The closing shaft has a longitudinal axis. The
closing shaft comprises an interaction region at an inter-
action location along the longitudinal axis. The closing
shaft is configured to rotate about the longitudinal axis.
In a first state the closing shaft is configured to be at a
firstrotational position, and the closing hook is configured
to be in contact with the interaction region such that the
closing hook cannot rotate in a first rotational direction.
In a second state the closing shaft is configured to be at
a second rotational position, and the closing hook is con-
figured to rotate in the first rotational direction past the
interaction region of the closing shaft. The actuator is
configured to transition from the first state to a third state.
In the transition from the first state to the third state the
closing shaftis configured to rotate from the firstrotational
position to a third rotational position, and the closing hook
is configured to be in contact with the interaction region
such that the closing hook has been rotated in a second
rotational direction opposite to the first rotational direc-
tion.

In this manner, if the closing hook does not rotate in the
second rotational direction as expected, for example re-
quires more force to rotate, it can be determined that
there is a problem with the actuator.
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[0007] Itistobe notedthatthe actuator has applicability
tolow, medium and indeed high voltage applications, with
that applicability extending beyond that for circuit break-
ers. Thus, other low, medium and high voltage systems
that require actuation from closed to open states can
make use of the actuator provided and described herein.
[0008] In an example, a cross section of the closing
shaft at the interaction region comprises a first dimension
extending from the longitudinal axis to a first part of the
outer surface of the closing shaft at a first angular posi-
tion. The cross section of the closing shaft at the inter-
action region comprises a second dimension extending
from the longitudinal axis to a second part of the outer
surface of the closing shaft at a second angular position.
The cross section of the closing shaft at the interaction
region comprises a third dimension extending from the
longitudinal axis to a third part of the outer surface of the
closing shaft at a third angular position. The first dimen-
sion is greater than the second dimension and the third
dimension is greater than the first dimension. In the first
state the closing hook is configured to contact the inter-
action region of the closing shaft at the first part of the
outer surface. In the second state an outer portion of the
closing hook is configured to pass in proximity to the sec-
ond part of the outer surface of the closing shaft in rotating
in the first rotational direction past the interaction region
of the closing shaft. In the third state, when the closing
shaft is configured to be in the third rotational position
the closing hook is configured to contact the interaction
region of the closing shaft at the third part of the outer
surface.

In other words, an eccentricity is used on the closing
shaft, thatis used to perform a smallmotion/ micro motion
of latching elements for an actuator, providing a check
function for the actuator.

[0009] Inanexample,theactuatoris configuredtotran-
sition from the third state to the first state. In the transition
from the third state to the first state the closing shaft is
configured to rotate from the third rotational position to
the first rotational position, and the closing hook is con-
figured to be in contact with the interaction region such
that the closing hook has been rotated in the first rota-
tional direction.

In this way, if the closing hook does not rotate back to
the normal holding position as expected, it can be deter-
mined that there is a problem with the actuator.

[0010] Inanexample,theactuatoris configuredtotran-
sition from the first state to the third state without entering
the second state.

[0011] Inanexample,theactuatoris configuredtotran-
sition from the third state to the first state without entering
the second state,

[0012] In an example, the closing shaft is configured
to rotate in the first rotational direction when the actuator
transitions from the first state to the second state.
[0013] In an example, in the transition from the first
state to the third state the closing shaft is configured to
rotate in the second rotational direction to rotate from the
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first rotational position to the third rotational position.
[0014] In an example, in the transition from the first
state to the third state the closing shaft is configured to
rotate in the first rotational direction to rotate from the
first rotational position to the third rotational position.
[0015] In an example, a sensor is configured to detect
rotation of the closing hook in the second rotational di-
rection when the closing shaftis configured to rotate from
the first rotational position to the third rotational position.
[0016] In an example, a sensor is configured to detect
rotation of the closing hook in the first rotational direction
when the closing shaft is configured to rotate from the
third rotational position to the first rotational position.
[0017] In an example, the same sensor is used to de-
tect both rotations.

[0018] Inanexample, atleast one sensor is configured
to measure a force and/or torque required to rotate the
closing shaft.

[0019] In an example, an actuating unit for the closing
shaft is configured to detect rotation of the closing hook
in the second rotational direction when the closing shaft
is configured to rotate from the first rotational position to
the third rotational position.

[0020] In an example, the actuating unit for the closing
shaft is configured to detect rotation of the closing hook
in the first rotational direction when the closing shaft is
configured to rotate from the third rotational position to
the first rotational position.

[0021] In a second aspect, there is provided an actu-
ator for a medium voltage circuit breaker, the actuator
comprising:

- an opening shaft; and
- an opening hook.

The opening shaft has a longitudinal axis. The opening
shaft comprises an interaction region at an interaction
location along the longitudinal axis. The opening shaft is
configured to rotate about the longitudinal axis. In a first
state the opening shaft is configured to be at a first rota-
tional position, and the opening hook is configured to be
in contact with the interaction region such that the open-
ing hook cannot rotate in a first rotational direction. In a
second state the opening shaft is configured to be at a
second rotational position, and the opening hook is con-
figured to rotate in the first rotational direction past the
interaction region of the opening shaft. The actuator is
configured to transition from the first state to a third state.
In the transition from the first state to the third state the
opening shaft is configured to rotate from the first rota-
tional position to a third rotational position, and the open-
ing hook is configured to be in contact with the interaction
region such that the opening hook has been rotated in a
second rotational direction opposite to the first rotational
direction.

[0022] In this manner, if the opening hook does not
rotate in the second rotational direction as expected, for
example requires more force to rotate, it can be deter-
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mined that there is a problem with the actuator.

In an example, a cross section of the opening shaft at
the interaction region comprises a firstdimension extend-
ing from the longitudinal axis to a first part of the outer
surface of the opening shaft at a first angular position.
The cross section of the opening shaft at the interaction
region comprises a second dimension extending from
the longitudinal axis to a second part of the outer surface
of the opening shaft at a second angular position. The
cross section of the opening shaft atthe interaction region
comprises a third dimension extending from the longitu-
dinal axis to a third part of the outer surface of the opening
shaft at a third angular position. The first dimension is
greater than the second dimension and the third dimen-
sion is greater than the first dimension. In the first state
the opening hook is configured to contact the interaction
region of the opening shaft at the first part of the outer
surface. In the second state an outer portion of the open-
ing hook is configured to pass in proximity to the second
part of the outer surface of the opening shaft in rotating
in the first rotational direction past the interaction region
of the opening shaft. In the third state, when the opening
shaft is configured to be in the third rotational position
the opening hook is configured to contact the interaction
region of the opening shaft at the third part of the outer
surface. In other words, an eccentricity is used on the
opening shaft, that is used to perform a small motion /
micro motion of latching elements for an actuator, pro-
viding a check function for the actuator.

[0023] Inanexample,theactuatoris configuredtotran-
sition from the third state to the first state. In the transition
from the third state to the first state the opening shaft is
configured to rotate from the third rotational position to
the first rotational position, and the opening hook is con-
figured to be in contact with the interaction region such
that the opening hook has been rotated in the first rota-
tional direction.

In this way, if the opening hook does not rotate back to
the normal holding position as expected, it can be deter-
mined that there is a problem with the actuator.

[0024] Inanexample,theactuatoris configuredtotran-
sition from the first state to the third state without entering
the second state.

[0025] Inanexample,theactuatoris configuredtotran-
sition from the third state to the first state without entering
the second state,

[0026] In an example, the opening shaft is configured
to rotate in the first rotational direction when the actuator
transitions from the first state to the second state.
[0027] In an example, in the transition from the first
state to the third state the opening shaft is configured to
rotate in the second rotational direction to rotate from the
first rotational position to the third rotational position.
[0028] In an example, in the transition from the first
state to the third state the opening shaft is configured to
rotate in the first rotational direction to rotate from the
first rotational position to the third rotational position.
[0029] In anexample, a sensor is configured to detect
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rotation of the opening hook in the second direction when
the opening shaft is configured to rotate from the first
rotational position to the third rotational position.

[0030] In an example, a the sensor is configured to
detect rotation of the opening hook in the first direction
when the opening shaft is configured to rotate from the
third rotational position to the first rotational position.
[0031] In an example, the same sensor is used to de-
tect both rotations.

[0032] Inanexample, atleast one sensor is configured
to measure a force and/or torque required to rotate the
opening hook.

[0033] Inanexample, an actuating unit for the opening
shaft is configured to detect rotation of the opening hook
in the second direction when the opening shaftis config-
ured to rotate from the first rotational position to the third
rotational position.

[0034] Inanexample,the actuating unitforthe opening
shaft is configured to detect rotation of the opening hook
in the first direction when the opening shaft is configured
to rotate from the third rotational position to the first ro-
tational position.

[0035] In a third aspect, there is provided an actuator
for a medium voltage circuit breaker, the actuator com-
prising:

- aclosing shaft;

- aclosing hook;

- an opening shaft; and
- an opening hook.

The closing shaft has a longitudinal axis. The closing
shaft comprises an interaction region at an interaction
location along the longitudinal axis. The closing shaft is
configured to rotate about the longitudinal axis. In a first
state the closing shaft is configured to be at a first rota-
tional position, wherein the closing hook is configured to
be in contact with the interaction region such that the
closing hook cannot rotate in a first rotational direction.
In a second state the closing shaft is configured to be at
a second rotational position, wherein the closing hook is
configured to rotate in the first rotational direction past
the interaction region of the closing shaft. The actuator
is configured to transition from the first state to a third,
wherein the closing shaft is configured to rotate from the
first rotational position to a third rotational position, and
wherein the closing hook is configured to be in contact
with the interaction region such that the closing hook has
been rotated in a second rotational direction opposite to
the first rotational direction. The opening shaft has a lon-
gitudinal axis. The opening shaft comprises an interac-
tion region ataninteraction location along the longitudinal
axis. The opening shaft is configured to rotate about the
longitudinal axis. In a fourth state the opening shaft is
configured to be at a first rotational position, wherein the
opening hook is configured to be in contact with the in-
teraction region such that the opening hook cannot rotate
in the second rotational direction. In afifth state the open-
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ing shaft is configured to be at a second rotational posi-
tion, wherein the opening hook is configured to rotate in
the second rotational direction past the interaction region
of the opening shaft. The actuator is configured to tran-
sition from the fourth state to a sixth, wherein the opening
shaft is configured to rotate from the first rotational posi-
tion to a third rotational position, and wherein the opening
hook is configured to be in contact with the interaction
region such that the opening hook has been rotated in
the first rotational direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Exemplary embodiments will be described in
the following with reference to the following drawings:

Fig. 1 shows an example of an actuator;

Fig. 2 shows an example of an actuator;

Fig. 3 shows an example of a closing shaft or an
actuator;

Fig. 4 shows an example of an actuator;

Fig. 5 shows an example of an actuator;

Fig. 6 shows an example of a closing shaft of an
actuator; and

Fig. 7 shows an example of an actuator.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] Figs. 1-7 show examples of actuators and rel-
evant parts of those actuator.

One example relates to an actuator for a medium voltage
circuit breaker. The actuator comprises a closing shaft
1, and a closing hook 2. The closing shaft has a longitu-
dinal axis. The closing shaft comprises an interaction re-
gion at an interaction location along the longitudinal axis.
The closing shaft is configured to rotate about the longi-
tudinal axis. In a first state the closing shaft is configured
to be at a first rotational position, and the closing hook is
configured to be in contact with the interaction region
such that the closing hook cannot rotate in a first rota-
tional direction. In a second state the closing shaftis con-
figured to be at a second rotational position, and the clos-
ing hook is configured to rotate in the first rotational di-
rection past the interaction region of the closing shaft.
Thus the second state involves the closing shaft moving
from the first rotational position to the second rotational
position thereby releasing the closing hook that can then
rotate past the closing shaft. The actuator is configured
to transition from the first state to a third state. In the
transition from the first state to the third state the closing
shaft is configured to rotate from the first rotational posi-
tion to a third rotational position, and the closing hook is
configured to be in contact with the interaction region
such that the closing hook has been rotated in a second
rotational direction opposite to the first rotational direc-
tion.

[0038] Thus, the actuator has a closing shaft that func-
tions as a locking shaft for closing operation, and the
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actuator has a closing hook that functions as a latch for
closing operation - a closing latch. The actuator is then
configured to enable the operation of the actuator to be
simply and conveniently established.

[0039] Accordingto an example, a cross section of the
closing shaft at the interaction region comprises a first
dimension extending from the longitudinal axis to a first
part of the outer surface of the closing shaft at a first
angular position. The cross section of the closing shaft
at the interaction region comprises a second dimension
extending from the longitudinal axis to a second part of
the outer surface of the closing shaft at a second angular
position. The cross section of the closing shaft at the
interaction region comprises a third dimension extending
from the longitudinal axis to a third part of the outer sur-
face of the closing shaft at a third angular position. The
first dimension is greater than the second dimension and
the third dimension is greater than the first dimension. In
the first state the closing hook is configured to contact
the interaction region of the closing shaft at the first part
of the outer surface. In the second state an outer portion
of the closing hook is configured to pass in proximity to
the second part of the outer surface of the closing shaft
in rotating in the first rotational direction past the interac-
tion region of the closing shaft. In the third state, when
the closing shaft is configured to be in the third rotational
position the closing hook is configured to contact the in-
teraction region of the closing shaft at the third part of
the outer surface.

[0040] According to an example, the actuator is con-
figured to transition from the third state to the first state.
In the transition from the third state to the first state the
closing shaft is configured to rotate from the third rota-
tional position to the first rotational position, and the clos-
ing hook is configured to be in contact with the interaction
region such that the closing hook has been rotated in the
first rotational direction. However, if the closing hook is
not functioning correctly, it may not rotate back and this
lack of rotation detected to determine that there is a prob-
lem with the actuator.

[0041] According to an example, the actuator is con-
figured to transition from the first state to the third state
without entering the second state.

[0042] According to an example, the actuator is con-
figured to transition from the third state to the first state
without entering the second state,

[0043] According to an example, the closing shaft is
configured to rotate in the first rotational direction when
the actuator transitions from the first state to the second
state.

[0044] According to an example, in the transition from
the first state to the third state the closing shaft is config-
ured to rotate in the second rotational direction to rotate
from the first rotational position to the third rotational po-
sition.

[0045] According to an example, in the transition from
the first state to the third state the closing shaft is config-
ured to rotate in the first rotational direction to rotate from
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the first rotational position to the third rotational position.
[0046] Accordingtoanexample,asensoris configured
to detect rotation of the closing hook in the second rota-
tional direction when the closing shaft is configured to
rotate from the first rotational position to the third rota-
tional position.

According to an example, a sensor is configured to detect
rotation of the closing hook in the first rotational direction
when the closing shaft is configured to rotate from the
third rotational position to the first rotational position.
[0047] According to an example, the same sensor is
configured to detect both rotations.

[0048] According to an example, at least one sensor
is configured to measure a force and/or torque required
to rotate the closing shaft.

[0049] According to an example, an actuating unit for
the closing shaft is configured to detect rotation of the
closing hook in the second rotational direction when the
closing shaftis configured to rotate from the first rotational
position to the third rotational position.

[0050] According to an example, the actuating unit for
the closing shaft is configured to detect rotation of the
closing hook in the first rotational direction when the clos-
ing shaft is configured to rotate from the third rotational
position to the first rotational position.

[0051] One example relates to a an actuator for a me-
dium voltage circuit breaker. The actuator comprises an
opening shaft 3, and an opening hook 4. The opening
shaft has a longitudinal axis. The opening shaft compris-
es an interaction region at an interaction location along
the longitudinal axis. The opening shaft is configured to
rotate about the longitudinal axis. In a first state the open-
ing shaft is configured to be at a first rotational position,
and the opening hook is configured to be in contact with
the interaction region such that the opening hook cannot
rotate in a first rotational direction. In a second state the
opening shaft is configured to be at a second rotational
position, and the opening hook is configured to rotate in
the first rotational direction past the interaction region of
the opening shaft. Thus the second state involves the
opening shaft moving from the first rotational position to
the second rotational position thereby releasing the
opening hook that can then rotate past the opening shaft.
The actuator is configured to transition from the first state
to a third state. In the transition from the first state to the
third state the opening shaft is configured to rotate from
the first rotational position to a third rotational position,
and the opening hook is configured to be in contact with
the interaction region such that the opening hook has
been rotated in a second rotational direction opposite to
the first rotational direction.

[0052] Thus, the actuator has an opening shaft that
functions as a locking shaft for opening operation, and
the actuator has an opening hook that functions as a latch
for opening operation - an opening latch. The actuator is
then configured to enable the operation of the actuator
to be simply and conveniently established.

[0053] Itisto be noted that the first rotational direction
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referred to with respect this example can be in a different
rotational direction to the first rotational direction referred
to with respectto the the firstexemplar actuator described
with respect to the figures. According to an example, a
cross section of the opening shaft at the interaction region
comprises a first dimension extending from the longitu-
dinal axis to a first part of the outer surface of the opening
shaft at a first angular position. The cross section of the
opening shaft at the interaction region comprises a sec-
ond dimension extending from the longitudinal axis to a
second part of the outer surface of the opening shaft at
a second angular position. The cross section of the open-
ing shaft at the interaction region comprises a third di-
mension extending from the longitudinal axis to a third
part of the outer surface of the opening shaft at a third
angular position. The first dimension is greater than the
second dimension and the third dimension is greater than
the first dimension. In the first state the opening hook is
configured to contact the interaction region of the opening
shaft at the first part of the outer surface. In the second
state an outer portion of the opening hook is configured
to passin proximity to the second part of the outer surface
of the opening shaft in rotating in the first rotational di-
rection past the interaction region of the opening shaft.
In the third state, when the opening shaft is configured
to be in the third rotational position the opening hook is
configured to contact the interaction region of the opening
shaft at the third part of the outer surface.

[0054] According to an example, the actuator is con-
figured to transition from the third state to the first state.
In the transition from the third state to the first state the
opening shaft is configured to rotate from the third rota-
tional position to the first rotational position, and the open-
ing hook is configured to be in contact with the interaction
region such that the opening hook has been rotated in
the first rotational direction. However, if the opening hook
is not functioning correctly, it may not rotate back and
this lack of rotation detected to determine that there is a
problem with the actuator.

[0055] According to an example, the actuator is con-
figured to transition from the first state to the third state
without entering the second state.

[0056] According to an example, the actuator is con-
figured to transition from the third state to the first state
without entering the second state,

[0057] According to an example, the opening shaft is
configured to rotate in the first rotational direction when
the actuator transitions from the first state to the second
state.

[0058] According to an example, in the transition from
the first state to the third state the opening shaft is con-
figured to rotate in the second rotational direction to rotate
from the first rotational position to the third rotational po-
sition.

[0059] According to an example, in the transition from
the first state to the third state the opening shaft is con-
figured to rotate in the first rotational direction to rotate
from the first rotational position to the third rotational po-
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sition.

[0060] Accordingtoanexample,asensoris configured
to detect rotation of the opening hook in the second di-
rection when the opening shaft is configured to rotate
from the first rotational position to the third rotational po-
sition.

[0061] Accordingtoanexample,asensoris configured
to detect rotation of the opening hook in the first direction
when the opening shaft is configured to rotate from the
third rotational position to the first rotational position.
[0062] According to an example, the same sensor is
configured to detect both rotations.

[0063] According to an example, at least one sensor
is configured to measure a force and/or torque required
to rotate the opening hook.

For example, a sensor can be used to indicate or estab-
lish the proper functioning of the actuator in the following
manner. Associated with the opening hook, the next el-
ementin the internal kinematic chain is a so called "open-
ing lever", where the opening hook is touching on the
opposite side. This opening lever can therefore be
moved, and an additional sensor on, or associated with
this second component can be used to indicate the proper
functioning of the actuator.

[0064] According to an example, an actuating unit for
the opening shaft is configured to detect rotation of the
opening hook in the second direction when the opening
shaft is configured to rotate from the first rotational posi-
tion to the third rotational position.

[0065] According to an example, the actuating unit for
the opening shaft is configured to detect rotation of the
opening hook in the first direction when the opening shaft
is configured to rotate from the third rotational position
to the first rotational position.

[0066] One example relates to an actuator for a medi-
um voltage circuit breaker. The actuator comprises a
closing shaft 1, a closing hook 2, an opening shaft 3, and
an opening hook 4. The closing shaft has a longitudinal
axis. The closing shaft comprises an interaction region
at an interaction location along the longitudinal axis. The
closing shaft is configured to rotate about the longitudinal
axis. In a first state the closing shaft is configured to be
at a first rotational position, and the closing hook is con-
figured to be in contact with the interaction region such
that the closing hook cannot rotate in a first rotational
direction. In a second state the closing shaft is configured
to be at a second rotational position, wherein the closing
hook is configured to rotate in the first rotational direction
past the interaction region of the closing shaft. Thus the
second state involves the closing shaft moving from the
first rotational position to the second rotational position
thereby releasing the closing hook that can then rotate
past the closing shaft.

[0067] The actuator is configured to transition from the
first state to a third state. In the transition from the first
state to the third state the closing shaft is configured to
rotate from the first rotational position to a third rotational
position, and the closing hook is configured to be in con-
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tact with the interaction region such that the closing hook
has been rotated in a second rotational direction opposite
to the first rotational direction; wherein, the opening shaft
has a longitudinal axis. The opening shaft comprises an
interaction region at an interaction location along the lon-
gitudinal axis. The opening shaft is configured to rotate
about the longitudinal axis. In a fourth state the opening
shaft is configured to be at a first rotational position, and
the opening hook is configured to be in contact with the
interaction region such that the opening hook cannot ro-
tate in the second rotational direction. In a fifth state the
opening shaft is configured to be at a second rotational
position, and the opening hook is configured to rotate in
the second rotational direction past the interaction region
of the opening shaft. Thus the fifth state involves the
opening shaft moving from the first rotational position to
the second rotational position thereby releasing the
opening hook that can then rotate past the closing shaft.
The actuator is configured to transition from the fourth
state to a sixth state. In the transition from the fourth state
to the sixth state the opening shaft is configured to rotate
from the first rotational position to a third rotational posi-
tion, and the opening hook is configured to be in contact
with the interaction region such that the opening hook
has been rotated in the first rotational direction.

[0068] In an example, a cross section of the closing
shaft at the interaction region comprises afirst dimension
extending from the longitudinal axis to a first part of the
outer surface of the closing shaft at a first angular posi-
tion. The cross section of the closing shaft at the inter-
action region comprises a second dimension extending
from the longitudinal axis to a second part of the outer
surface of the closing shaft at a second angular position.
The cross section of the closing shaft at the interaction
region comprises a third dimension extending from the
longitudinal axis to a third part of the outer surface of the
closing shaft at a third angular position. The first dimen-
sion of the closing shaft is greater than the second di-
mension of the closing shaft and the third dimension of
the closing shaft is greater than the first dimension of the
closing shaft. In the first state the closing hook is config-
ured to contact the interaction region of the closing shaft
at the first part of the outer surface. In the second state
an outer portion of the closing hook is configured to pass
in proximity to the second part of the outer surface of the
closing shaftin rotating in the first rotational direction past
the interaction region of the closing shaft. In the third
state, when the closing shaft is configured to be in the
third rotational position the closing hook is configured to
contact the interaction region of the closing shaft at the
third part of the outer surface.

[0069] Inanexample,theactuatoris configured totran-
sition from the third state to the first state. In the transition
from the third state to the first state the closing shaft is
configured to rotate from the third rotational position to
the first rotational position, and the closing hook is con-
figured to be in contact with the interaction region such
that the closing hook has been rotated in the first rota-
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tional direction. However, if the closing hook is not func-
tioning correctly, it may not rotate back and this lack of
rotation detected to determine that there is a problem
with the actuator.

[0070] Inanexample,theactuatoris configuredtotran-
sition from the first state to the third state without entering
the second state.

[0071] Inanexample,theactuatoris configuredtotran-
sition from the third state to the first state without entering
the second state,

[0072] In an example, the closing shaft is configured
to rotate in the first rotational direction when the actuator
transitions from the first state to the second state.
[0073] In an example, in the transition from the first
state to the third state the closing shaft is configured to
rotate in the second rotational direction to rotate from the
first rotational position to the third rotational position.
[0074] In an example, in the transition from the first
state to the third state the closing shaft is configured to
rotate in the first rotational direction to rotate from the
first rotational position to the third rotational position.
[0075] In anexample, a sensor is configured to detect
rotation of the closing hook in the second direction when
the closing shaft is configured to rotate from the first ro-
tational position to the third rotational position.

In an example, a sensor is configured to detect rotation
of the closing hook in the first direction when the closing
shaft is configured to rotate from the third rotational po-
sition to the first rotational position.

[0076] In an example, the same sensor is configured
to detect both rotations.

[0077] In an example,an actuating unit for the closing
shaft is configured to detect rotation of the closing hook
in the second direction when the closing shaft is config-
ured to rotate from the first rotational position to the third
rotational position.

[0078] In an example, the actuating unit for the closing
shaft is configured to detect rotation of the closing hook
in the first direction when the closing shaft is configured
to rotate from the third rotational position to the first ro-
tational position.

[0079] In an example, a cross section of the opening
shaft at the interaction region comprises a first dimension
extending from the longitudinal axis to a first part of the
outer surface of the opening shaft at a first angular posi-
tion. The cross section of the opening shaft at the inter-
action region comprises a second dimension extending
from the longitudinal axis to a second part of the outer
surface of the opening shaft at a second angular position.
The cross section of the opening shaft at the interaction
region comprises a third dimension extending from the
longitudinal axis to a third part of the outer surface of the
opening shaft at a third angular position. The first dimen-
sion of the opening shaft is greater than the second di-
mension of the opening shaft and the third dimension of
the opening shaft is greater than the first dimension of
the opening shaft. In the fourth state the opening hook
is configured to contact the interaction region of the open-
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ing shaft at the first part of the outer surface. In the fifth
state an outer portion of the opening hook is configured
to passin proximity to the second part of the outer surface
of the opening shatft in rotating in the second rotational
direction past the interaction region of the opening shaft.
In the sixth state, when the opening shaft is configured
to be in the third rotational position the opening hook is
configured to contact the interaction region of the opening
shaft at the third part of the outer surface.

[0080] Inanexample,theactuatoris configuredtotran-
sition from the sixth state to the fourth state, wherein the
opening shaft is configured to rotate from the third rota-
tional position to the first rotational position, wherein the
opening hook is configured to be in contact with the in-
teraction region such that the opening hook has been
rotated in the second rotational direction. However, if the
opening hook is not functioning correctly, it may not rotate
back and this lack of rotation detected to determine that
there is a problem with the actuator.

[0081] Inanexample,theactuatoris configured totran-
sition from the fourth state to the sixth state without en-
tering the fifth state.

[0082] Inanexample,theactuatoris configuredtotran-
sition from the sixth state to the fourth state without en-
tering the fifth state,

[0083] In an example, the opening shaft is configured
to rotate in the second rotational direction when the ac-
tuator transitions from the fourth state to the fifth state.
[0084] In an example, in the transition from the fourth
state to the sixth state the opening shaft is configured to
rotate in the first rotational direction to rotate from the
first rotational position to the third rotational position.
[0085] In an example, in the transition from the fourth
state to the sixth state the opening shaft is configured to
rotate in the second rotational direction to rotate from the
first rotational position to the third rotational position.
[0086] Inan example, a sensor is configured to detect
rotation of the opening hook in the first direction when
the opening shaft is configured to rotate from the first
rotational position to the third rotational position.

[0087] In an example a sensor is configured to detect
rotation of the opening hook in the second rotational di-
rection when the opening shaft is configured to rotate
from the third rotational position to the first rotational po-
sition.

[0088] In an example, the same sensor is configured
to detect both rotations.

[0089] Inanexample, an actuating unit for the opening
shaft is configured to detect rotation of the opening hook
in the first rotational direction when the opening shaft is
configured to rotate from the first rotational position to
the third rotational position.

In an exymple, the actuating unit for the opening shaft is
configured to detect rotation of the opening hook in the
second rotational direction when the opening shaftis con-
figured to rotate from the third rotational position to the
first rotational position.

[0090] Continuing with the figures, specific features
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are described that enable the latching elements for both
closing an opening an actuator for a circuit breaker to be
checked without having to activate the circuit breaker it-
self. However, the features described can be used to
check if latching elements of actuator used for other pur-
poses are functioning correctly, and reference to a circuit
breaker is only exemplary.

The control of functionality of todays available, mechan-
ical spring drive actuator variants for MV and LV circuit
breakers and comparable applications requires a regular
operation of "close" and "open" of the circuit breaker, if
the normal function of the actuator needs to be evaluated.
This is mainly due to the used latching principles and the
design of the actuator as a kinematik gear system, that
is designed to reduce the high closingand opening spring
forces with several linkage gear stages to a low force on
the latching elements and actuation of those. In many of
the use-cases, the actautor and its connected circuit
breakeris in operating mode and resting in either "closed"
or "open" position for longer time periods (up to years)
without any operation. Customers or Service Personnel,
who want to evaluate a proper actuator function, have
no possibility to check by a continuous control of the ac-
tuator if it would operate on the next tripping signal, or if
parts of the latching elements are sticking and not moving
due to e.g. aging effects of metals (corrosion) or the lu-
bricants (higher viscosity) or other damages coming from
mechanical deformation. Of main interest are the latching
elements, since they are the last elements in the kine-
matic chain of the linkage gear system and see the lowest
actuation forces. The higher forces at the main kinemat-
ics of the actuator usually are not effected by aging and
sticking, since the forces would immediately break or
open such sticky contacts. Once the latching elements
are moving, the system is able to operate as planned.
The actuator described with respect to Figs. 1-7 over-
comes these issues, where functioning of the actuator
can be established without operation of the "open" and
"close" of the circuit breaker.

[0091] Fig 1 shows as one example of mechanical ac-
tuator types the an actuator with details on the latching
elements for closing (parts 1 and 2) and opening (parts
3 and 4). In working conditions, the shown latching ele-
ments are contacting and pushed together without any
motion over the time of operation of the circuit breaker.
Parts have been introduced enabling the latching ele-
ments for closing and opening of a mechanical spring
drive actuator to be moved without releasing the actuator
completely or fully operating the application.

[0092] Fig. 2 shows the intended motion for the exam-
ple of the closing hook. The top figure shows the regular
operation with the closing shaft rotation for releasing the
closing hook. For a continuous failure control, the closing
hook can be operated in the opposite direction of normal
release in order to keep the requiremets on force on the
actuation low, as shown at the bottom. A small motion or
micromotion of the latching elements can be used to iden-
tify a potential failure and indicate the need for a failure
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alarm or prevent a failure due to glueing of contacts.
Fig. 3 shows how such a motion can be generated, where
the latching elements have been re-designed, introduc-
ing an eccentric element on the closing and/or opening
shaft as shown as example in Fig. 3 for a closing shaft,
butwhere a similar re-design applies to the opening shaft.
The additional eccentric element 5 on the closing shaft
is used to generate the necessary micromotion when the
circuit breaker is in normal operating mode.

Fig. 4 shows one example of a sequence of the micro-
motion and the use of the eccentricity on the closing shaft
1. In normal operation as shown in the top leftimage, the
closing hook 2 contacts the closing shaft 1 and is in a
latched position. In the checking state as shown in the
top right image, the closing shaft 1 is rotated in an oppo-
site direction of the regular release direction, and the clos-
ing hook 2 is rotated and checked for its functioning in
the latched position. The eccentricity of the closing shaft
1 forces the closing hook 2 to follow the shape in the
contact zone and, by this, the closing hook 2 is rotated
for a certain angular value, based on the eccentricity de-
sign. With an additional sensor (e.g. proximity sensor or
angular sensor or a force or torque sensor for example
at the position of the operating coil that detects the re-
quired force or torque to rotate the shaft) the rotation of
the closing hook 2 can be detected. After the check is
performed, as shown in the bottom left image the closing
shaftis rotated backwards to the original position and the
closing hook 2 is following again, since it is driven by the
closing spring forces towards the shaft. This is again the
normal state where the closing hook 2 is resting on the
closing shaft 1 in the latched position. The release of the
losing hook is shown in the bottom right image, where
the closing shaft 1 is rotated in the release direction, and
the closing hook is released and the closing operation is
started.

Fig. 5 shows an example of an additional eccentric ele-
ment on the opening shaft 3. Also for the opening hook
4, an eccentric opening shaft 3 design is used in order
to detect the functionality ofthe latching elements. Similar
to the check on closing, as shown in the left image the
opening latch is in a normal state with the opening hook
4 resting on the opening shaft 3 in the latched position.
As shown in the right hand image, in the check state
when the opening shaft 3 is rotated in an opposite direc-
tion to the normal release direction the opening hook 4
is rotated and checked for functioning in the latched po-
sition where the opening hook has been forced to under-
take a small rotation. That motion can be detected with
a sensor. Instead of using an additional sensor, the pos-
itive feedback or the actuating unit of the shaft (e.g. coil),
that reached its end-position during the check state, can
be used in order to detect the proper function of the latch-
ing elements. Also, a sensor can be used to detect or
monitor the force and/or torque required to perform the
micromotion, and this can be evaluated against a normal,
established, force and/or torque and this can be used to
detect or establish the proper functioning of the latching
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elements.

Fig. 6 shows another design of the eccentric shaft. In this
variant of the closing shaft, the eccentricity is introduced
in a way, that a rotation of the shaft in the same direction
as the usual operating direction is introducing the motion
on the latching hook. The additional eccentric element 6
on the closing shaft is used to generate the necessary
micromotion when the circuit breaker is in normal oper-
ating mode.

In this case, a 2-step-actuation of the shaft is utilized.
The working sequence is shown in Fig. 7. In normal state
as shown in the top image the closing hook 2 is contacting
the closing shaft 1, and is resting in its latched position.
In check mode, as shown in the centre image the closing
shaft 2 is rotated for a certain value (x degrees) with a
special type of 2-step actuator and, by this, pushing and
rotating the closing hook 2. For the release of the hook
as shown in the bottom image the actuator rotates the
closing shaft 1 for the additional value (y degrees) and
the actautor can release the circuit breaker to open.

Claims

1. Anactuator for a medium voltage circuit breaker, the
actuator comprising:

- a closing shaft (1); and
- a closing hook (2);

wherein, the closing shaft has a longitudinal axis;
wherein, the closing shaft comprises an interaction
region at an interaction location along the longitudi-
nal axis;

wherein, the closing shaft is configured to rotate
about the longitudinal axis;

wherein, in a first state the closing shaft is configured
to be at afirst rotational position, wherein the closing
hook is configured to be in contact with the interaction
region such that the closing hook cannot rotate in a
first rotational direction;

wherein, in a second state the closing shaft is con-
figured to be at a second rotational position, wherein
the closing hook is configured to rotate in the first
rotational direction past the interaction region of the
closing shaft; and

wherein, the actuator is configured to transition from
the first state to a third state, wherein the closing
shaft is configured to rotate from the first rotational
position to a third rotational position, wherein the
closing hook is configured to be in contact with the
interaction region such that the closing hook has
beenrotated in a second rotational direction opposite
to the first rotational direction.

2. Actuator according to claim 1, wherein, a cross sec-
tion of the closing shaft at the interaction region com-
prises a first dimension extending from the longitu-
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dinal axis to a first part of the outer surface of the
closing shaft at a first angular position;

wherein, the cross section of the closing shaft at the
interaction region comprises a second dimension ex-
tending from the longitudinal axis to a second part
of the outer surface of the closing shaft at a second
angular position;

wherein, the cross section of the closing shaft at the
interaction region comprises a third dimension ex-
tending from the longitudinal axis to a third part of
the outer surface of the closing shaft ata third angular
position;

wherein, the first dimension is greater than the sec-
ond dimension and the third dimension is greater
than the first dimension;

wherein, in the first state the closing hook is config-
ured to contact the interaction region of the closing
shaft at the first part of the outer surface;

wherein, in the second state an outer portion of the
closing hook is configured to pass in proximity to the
second part of the outer surface of the closing shaft
in rotating in the first rotational direction past the in-
teraction region of the closing shaft; and

wherein, in the third state, when the closing shaft is
configured to be in the third rotational position the
closing hook is configured to contact the interaction
region of the closing shaft at the third part of the outer
surface.

Actuator according to any of claims 1-2, wherein the
actuatoris configured to transition from the third state
to the first state, wherein the closing shaft is config-
ured to rotate from the third rotational position to the
first rotational position, wherein the closing hook is
configured to be in contact with the interaction region
such that the closing hook has been rotated in the
first rotational direction.

Actuator according to any of claims 1-3, wherein, the
actuator is configured to transition from the first state
to the third state without entering the second state.

Actuator according to any of claims 3-4, wherein the
actuatoris configured to transition from the third state
to the first state without entering the second state,

Actuator according to any of claims 1-5, wherein the
closing shaft is configured to rotate in the first rota-
tional direction when the actuator transitions from
the first state to the second state.

Actuator according to any of claims 1-6, wherein in
the transition from the first state to the third state the
closing shaft is configured to rotate in the second
rotational direction to rotate from the first rotational
position to the third rotational position.

Actuator according to any of claims 1-6, wherein in
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the transition from the first state to the third state the
closing shaft is configured to rotate in the first rota-
tional direction to rotate from the first rotational po-
sition to the third rotational position.

Actuator according to any of claims 1-8, wherein a
sensor is configured to detect rotation of the closing
hookinthe second rotational direction when the clos-
ing shaft is configured to rotate from the first rota-
tional position to the third rotational position; and/or
the sensor is configured to detect rotation of the clos-
ing hook in the first rotational direction when the clos-
ing shaft is configured to rotate from the third rota-
tional position to the first rotational position.

Actuator according to any of claims 1-9, wherein at
least one sensor is configured to measure a force
and/or torque required to rotate the closing shaft.

Actuator according to any of claims 1-10, wherein
an actuating unit for the closing shaft is configured
to detect rotation of the closing hook in the second
rotational direction when the closing shaft is config-
ured to rotate from the first rotational position to the
third rotational position; and/or the actuating unit for
the closing shaft is configured to detect rotation of
the closing hook in the first rotational direction when
the closing shaft is configured to rotate from the third
rotational position to the first rotational position.

An actuator for a medium voltage circuit breaker, the
actuator comprising:

- an opening shaft (3); and
- an opening hook (4);

wherein, the opening shaft has a longitudinal axis;
wherein, the opening shaft comprises an interaction
region at an interaction location along the longitudi-
nal axis;

wherein, the opening shaft is configured to rotate
about the longitudinal axis;

wherein, in a first state the opening shaft is config-
ured to be at a first rotational position, wherein the
opening hook is configured to be in contact with the
interaction region such that the opening hook cannot
rotate in a first rotational direction;

wherein, in a second state the opening shaft is con-
figured to be at a second rotational position, wherein
the opening hook is configured to rotate in the first
rotational direction past the interaction region of the
opening shaft; and

wherein, the actuator is configured to transition from
the first state to a third state, wherein the opening
shaft is configured to rotate from the first rotational
position to a third rotational position, wherein the
opening hook is configured to be in contact with the
interaction region such that the opening hook has
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beenrotated in a second rotational direction opposite
to the first rotational direction.

Actuator according to claim 12, wherein, a cross sec-
tion of the opening shaft at the interaction region
comprises a first dimension extending from the lon-
gitudinal axis to a first part of the outer surface of the
opening shaft at a first angular position;

wherein, the cross section of the opening shaft at
the interaction region comprises a second dimension
extending from the longitudinal axis to a second part
of the outer surface of the opening shaft at a second
angular position;

wherein, the cross section of the opening shaft at
the interaction region comprises a third dimension
extending from the longitudinal axis to a third part of
the outer surface of the opening shaft at a third an-
gular position;

wherein, the first dimension is greater than the sec-
ond dimension and the third dimension is greater
than the first dimension;

wherein, in the first state the opening hook is config-
ured to contact the interaction region of the opening
shaft at the first part of the outer surface;

wherein, in the second state an outer portion of the
opening hook is configured to pass in proximity to
the second part of the outer surface of the opening
shaft in rotating in the first rotational direction past
the interaction region of the opening shaft; and
wherein, in the third state, when the opening shaft
is configured to be in the third rotational position the
opening hook is configured to contact the interaction
region of the opening shaft at the third part of the
outer surface.

Actuator according to any of claims 12-13, wherein
the actuator is configured to transition from the third
state to the first state, wherein the opening shaft is
configured to rotate from the third rotational position
to the first rotational position, wherein the opening
hook s configured to be in contact with the interaction
region such that the opening hook has been rotated
in the first rotational direction.

Actuator according to any of claims 12-14, wherein,
the actuator is configured to transition from the first
state to the third state without entering the second
state.

Actuator according to any of claims 14-15, wherein
the actuator is configured to transition from the third
state to the first state without entering the second
state,

Actuator according to any of claims 12-16, wherein
the opening shaft is configured to rotate in the first
rotational direction when the actuator transitions
from the first state to the second state.
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Actuator according to any of claims 12-17, wherein
in the transition from the first state to the third state
the opening shaftis configured to rotate in the second
rotational direction to rotate from the first rotational
position to the third rotational position.

Actuator according to any of claims 12-17, wherein
in the transition from the first state to the third state
the opening shaft is configured to rotate in the first
rotational direction to rotate from the first rotational
position to the third rotational position.

Actuator according to any of claims 12-19, wherein
a sensor is configured to detect rotation of the open-
ing hook in the second direction when the opening
shaft is configured to rotate from the first rotational
position to the third rotational position; and/or the
sensor is configured to detect rotation of the opening
hook in the first direction when the opening shaft is
configured to rotate from the third rotational position
to the first rotational position.

Actuator according to any of claims 12-20, wherein
at least one sensor is configured to measure a force
and/or torque required to rotate the opening hook.

Actuator according to any of claims 12-21, wherein
an actuating unit for the opening shaft is configured
to detect rotation of the opening hook in the second
direction when the opening shaft is configured to ro-
tate from the first rotational position to the third rota-
tional position; and/or the actuating unit for the open-
ing shaft is configured to detect rotation of the open-
ing hook in the first direction when the opening shaft
is configured to rotate from the third rotational posi-
tion to the first rotational position.

An actuator for a medium voltage circuit breaker, the
actuator comprising:

- a closing shaft (1);

- a closing hook (2);

- an opening shaft (3); and
- an opening hook (4);

wherein, the closing shaft has a longitudinal axis;
wherein, the closing shaft comprises an interaction
region at an interaction location along the longitudi-
nal axis;

wherein, the closing shaft is configured to rotate
about the longitudinal axis;

wherein, in a first state the closing shaft is configured
to be at afirst rotational position, wherein the closing
hook is configured to be in contact with the interaction
region such that the closing hook cannot rotate in a
first rotational direction;

wherein, in a second state the closing shaft is con-
figured to be at a second rotational position, wherein
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the closing hook is configured to rotate in the first
rotational direction past the interaction region of the
closing shaft;

wherein, the actuator is configured to transition from
the first state to a third state, wherein the closing
shaft is configured to rotate from the first rotational
position to a third rotational position, wherein the
closing hook is configured to be in contact with the
interaction region such that the closing hook has
beenrotated in a second rotational direction opposite
to the first rotational direction;

wherein, the opening shaft has a longitudinal axis;
wherein, the opening shaft comprises an interaction
region at an interaction location along the longitudi-
nal axis;

wherein, the opening shaft is configured to rotate
about the longitudinal axis;

wherein, in a fourth state the opening shaft is con-
figured to be at a first rotational position, wherein the
opening hook is configured to be in contact with the
interaction region such that the opening hook cannot
rotate in the second rotational direction;

wherein, in a fifth state the opening shaft is config-
ured to be at a second rotational position, wherein
the opening hook is configured to rotate in the second
rotational direction past the interaction region of the
opening shaft; and

wherein, the actuator is configured to transition from
the fourth state to a sixth state, wherein the opening
shaft is configured to rotate from the first rotational
position to a third rotational position, wherein the
opening hook is configured to be in contact with the
interaction region such that the opening hook has
been rotated in the first rotational direction.
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a: closing shaft rotation:
s release of closing hook

b: closing shaft rotation:
start of closing operation

______ c: small motion of closing
---- hook for function check

14



EP 3 693 985 A1

Introduction of an eccentric element (5)
on closing shaft (1) for generating micro-
motion of closing hook
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Fig. 5
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Introduction of alternative eccentric
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micromotion of closing hook
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