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Fail-safe actuator and assembly unit

The invention relates to a fail-safe actuator for moving a part between two end
positions, and an assembly unit with such an actuator and a part moved by the

actuator.

In particular, the invention relates to an actuator which actuates valves or
ventilation flaps. The actuator according to the invention can be used to control fluid
flows. Such industrially used actuators are used in a wide variety of branches of
industry, for example in the oil and gas industry, in drinking water and waste water
companies, energy plants, ships, mines, food-processing plants as well as in
pharmaceutical and chemical companies. Such fail-safe actuators are also used in
buildings, tunnels and the like. The object is to ensure a specified position of the
driven part in the event of a failure of the drive in order to be able to verify an
unequivocal position of the part moved by the actuator in case of emergency. In
most cases this unequivocal position is that in which the overall system in which the
moved part is embedded (in the example, a ventilation system or a process plant) is
in a safe state.

Fail-safe actuators are for example used in HVAC applications, that is heating,
ventilation and air conditioning applications, in order to actuate valve flaps or
ventilation flaps and control the temperature or airflow in particular locations, for
example in tunnels. In tunnels for example, in the event of a fire the corresponding
ventilation flap system must be moved into a predetermined position, irrespective of

whether this involves a road tunnel, a train tunnel or a tunnel in a mine.

The object of the invention is to create a fail-safe actuator for moving a part
between two end positions which is compact in structure and flexible in use.

According to a first aspect of the invention there is provided a fail-safe actuator

for moving a part between two end positions, comprising:
a first drive,

a first drive train which can be set in motion by the first drive which has a first
output shaft which transmits the movement of the actuator outwards in the direction
of the part,
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a second drive,

a second drive train which can be set in motion by the second drive which has a
second output shaft which runs coaxially with the first output shaft,

wherein the first and/or the second drive can be activated, selectively, in order to
set the first and/or second output shaft in motion,

an energy storage device which is coupled with the second drive train,

at least one externally actuatable holding device which ensures, selectively, that
the energy stored in the energy storage device remains in the energy storage device
or is released to the second drive train,

a mechanical rotary entrainment device between the second output shaft and the
first output shaft which is configured such that it

permits a rotation of the first output shaft relative to the second output
shaft by at least one angle of rotation which is associated with the distance
between the end positions if the energy storage device is not released and if
the drive moves the first output shaft between the end positions, and

provides a rotary entrainment of the first output shaft by the second output
shaft with the energy storage device released and the failed drive in a first of the
two end positions.

The actuator according to the invention can be configured such that different
states are achieved by means of the two separate drives. The first drive train can be
moved directly by the assigned first drive. Alternatively, the second drive train can
be moved with its assigned second drive, as a result of which the energy storage
device can absorb energy. Alternatively, both drive trains can be moved by their
respective drives, so that the part which is to be moved, for example the valve flap
or a ventilator flap, can be moved by means of the first drive train and the energy
storage device can also be loaded at the same time. This can make it possible for
the actuator to be used very flexibly.

The coaxial arrangement of the first output shaft and the second output shaft can
allow a compact design which can also be of simple construction. The mechanical
rotary entrainment device between the two output shafts is thereby important. On
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the one hand, this rotary entrainment device can permit the movement of the part
solely by means of the first drive train and on the other hand can permit a rotary
entrainment in the event of a safety-critical incident, if the drive fails and the part
which is to be moved has to be moved into a specified end position through the
release of the energy from the energy storage device. Switchable couplings can
thus be dispensed with.

The teeth on each of the gear wheels, via which energy is introduced in the
direction of output shafts, can be provided over a relatively large section of the
circumference. While flaps only need to be moved by 90° in order to change from
the closed state into the completely opened state, a reconfiguration of the actuator
makes it possible to reverse the direction of movement of the second drive train.
This means that the released energy storage device can ensure that the first output
shaft is moved in the contrary direction by being driven by the second output shaft.
This can be made possible through simple reconfiguration measures, for example
the installation of a reverse-acting energy storage device or of a reversible energy
storage device, as will be described in detail in the following.

The two drives can be electric motors.

The two drives, the rotary entrainment device and the holding device are
optionally configured and controllable in a coordinated manner such that,

in a first state, the second drive can move the second output shaft in the direction
of the second of the two end positions and energy can thereby be introduced into
the energy storage device, in particular wherein the first output shaft is not thereby

moved,

in a subsequent second state, the at least one holding device can hold the
energy in the energy storage device and the first drive can then move the part
between its end positions,

in a subsequent third state, in which both drives fail, the holding device can
release the energy in the energy storage device and as a result the second output
shaft can be moved in the direction of the first end position and a rotary entrainment
of the first drive train in the direction of the first end position is made possible.
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In this embodiment of the invention, the energy in the energy storage device can
be exclusively introduced through movement of the second drive train, the first drive

train remains passive.

Alternatively, in the first state both drives can be driven, i.e. activated, and move,
so that both output shafts are moved in the direction of the second of the two end
positions, as a result of which energy can be introduced into the energy storage
device. An advantage of this embodiment can be that the process of introducing
energy takes place very quickly because no return stroke for the second drive train
alone is necessary. With the input of energy, the part can at the same time be
moved into its open or closed position, depending on whether the second end
position is an open or closed position.

In yet another embodiment, in the first state, on driving the first output shaft in the
direction of the second of the two end positions, with discharged energy storage
device and enabled holding device, the first output shaft can carry the second output
shaft with it, so that the output shafts are coupled with one another. In this way,
energy can be introduced from the first output shaft into the second output shaft and
transferred into the energy storage device.

Moreover, according to an embodiment of the invention the holding device can
hold the second output shaft in the second state and thus secure the energy storage
device in the state in which the energy remains in the energy storage device. If for
example the energy storage device comprises a spring, the spring can be tensioned
in the second state, and the holding device can then hold the second output shaft in
position, so that the spring cannot relax. Thus, the energy storage device and the
second output shaft can be in a specified, unequivocal state at the same time.

If each drive train is assigned its own holding device, these drive trains can be
enabled independently of one another. For example the holding device of the first
drive train can ensure that the moved part is also held in a specified position against
external influences, so that a securing of the position is achieved. However, in order
to prevent one drive from working against a holding device of the other drive, if one
drive would operate unintentionally through the holding device of the other, both

holding devices must be open.

In order to keep the dimension of the holding devices as small as possible,

according to an embodiment of the invention the holding device can act directly on a
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drive shaft of the drive, or on a shaft connected directly with the drive shaft, or a
shaft in close proximity thereto and rests on it.

According to an embodiment of the invention, the holding device or holding
devices can be an electromagnetic brake.

The energy storage device can be coupled directly or indirectly with the second
output shaft in a non-destructively detachable manner in order to allow it to be
replaced or reversed. Depending on the design of the actuator and its intended use,
different energy storage devices with more or less energy absorption capacity can
thus be used, or the direction of rotation in which the energy storage device acts can
be changed.

In this connection it is optimal if, with the same rotary entrainment device, the
second output shaft can entrain the first output shaft in opposite directions of
rotation, wherein the direction of rotation is dependent on the direction of rotary
effect of the energy storage device. Consequently, the rotary entrainment device
can be used irrespective of whether or not the direction of rotary effect is reversed.
This can allow a high flexibility in the use of the actuator according to the invention.

According to an embodiment of the invention, the energy storage device can be
coupled to the second output shaft in two different positions, and in a first position
can ensure that the first output shaft can be pressed into one end position and in a
second position can be pressed into the opposite end position. Consequently, the
user of the actuator does not need different energy storage devices in order to
change the direction of rotary effect of the energy storage device, but can use the
same energy storage device, which they remove from the actuator and couple into a
different position. The actuator according to the invention can thus be very versatile

in use.

According to one embodiment of the invention, the first position of the energy
storage device differs from the second position in that the energy storage device can
be inverted by 180° and thus no longer is coupled to the second output shaft on the
front side but on the rear side. This can ensure a simple attachment of the energy
storage device, which for example has a shaft socket on its opposite sides with

which it is for example fitted directly onto the second output shaft.
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The first and the second output shaft can be coupleable in the direction of
rotation by means of stop surfaces which come into contact with one another. This
can be a very simple possibility for achieving the rotary entrainment.

The stop surfaces can thereby be provided on opposite end faces of the gear
wheels or the first and the second output shafts. This transmission of torque via the
end faces can lead to a small radial space requirement.

A particularly economical embodiment for the configuration of the rotary
entrainment device can involve providing the stop surfaces in the form of projections
or pins on the gear wheels or the output shafts. In particular, the embodiment
involving coupling pins on the end faces of the gear wheels can be advantageous in
term of cost because it is only necessary to create corresponding bores in the gear
wheels, which leads to a high flexibility in terms of the position of the pins. For other
actuators which are intended to cover other angular ranges, the pins can be used on
the same gear wheels, only with differently-positioned bores.

If stop surfaces of the first and of the second drive train come into contact with
one another, i.e. if an end position has been reached, the stop surfaces which are
not in contact with one another should be distant from one another by at least 180°
to ensure the aforementioned flexibility in the use of the actuator according to the
invention. The at least 180° makes it possible to divide the theoretical total
movement range into two sections of at least 90°, which for example allows flaps to
be moved between 0° and 90° and variably moved in either one or the other
direction by the energy storage device.

As already briefly mentioned, the energy storage device can comprise at least
one elastic spring element; alternatively, several spring elements, in particular
compression springs, arranged symmetrically around the second output shaft can
be provided. The second output shaft can also be symmetrically loaded through a
symmetrical arrangement, which in addition can increase the service life of the

actuator according to the invention.

The compression springs can also be coupled to the second output shaft in pairs
by means of a common member, so that several compression springs can act at the

same time.
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If the member is a gear rack and has gear teeth, it can be axially adjusted in that
the second output shaft can be connected with the energy storage device via a gear
wheel which meshes with the gear rack.

The variability and compactness of the actuator according to the invention can be
increased in that the energy storage device can be designed as a separate,
externally closed assembly unit. Several spring elements can be housed in this
assembly unit. The coupling point by means of which the energy storage device is
coupled detachably to the second output shaft can be accessible from opposite
sides, that is from the front and rear side. One example of this is a hub provided in
the energy storage device which can be accessible from both sides and via which
the torque can then be introduced into the energy storage device, irrespective of
whether the energy storage device is coupled to the second output shaft on the front
side or on the rear side.

The output shafts with their gear wheels can be designed integrally or as
separate parts, and it is possible for only sections of the output shaft to be in each
case formed on the gear wheels, to which other sections of the output shaft can in
turn be attached in order to define together the entire output shaft. The term “output
shaft” thus does not require that this is an integral part which is designed separately
from the respective gear wheel.

In order to achieve a desired return time when returning the part into its desired
first end position and so that all parts are not unnecessarily stressed due to the
abrupt release of energy on striking an end stop, one or both of the drives, which
can be electric drives, can be used as generators in that they are reversed. As a
result, the generators can be used as flexible, variably adjustable brakes or dampers
via which the speed of the movements and the total return time on release of the
energy storage device can be adjusted.

The electrical energy generated in the generator can be used to supply the
control electronics. This means that in the first moment following the power failure
the control is “dead”, as a result of which the holding device can open. The energy
storage device can then drive the output shaft back and thus also drives the
generator. The electrical power generated by the generator can “awaken” the
control, which can then detect the return of the spring and “regulate” the return

speed.
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higher than required by the electronics and can lead to voltage surges which can
then damage the control electronics.

A part of the surplus energy can be automatically converted into heat in the
windings of the motor. The greater part of the surplus electrical energy can be
converted into heat in a braking resistance.

According to a second aspect of the invention there is provided an assembly unit
with an actuator according to the first aspect of the invention and a part moved by
this, which is for example a valve flap or ventilation flap.

Further features and advantages of the invention are explained in the following
description and in the following drawings, to which reference is made. In the
drawings:

Figure 1 shows a perspective view of an embodiment of the actuator according to
the invention and the assembly according to the invention,

Figure 2 shows a schematic view of a part of the actuator together with an energy
storage device, with the outer housing omitted,

Figure 3 shows a perspective view of the actuator according to the invention with
a cut-away view of the energy storage device,

Figure 4 shows a schematic perspective view, partially transparent, with the
rotary entrainment device used with the actuator according to the invention,

Figure 5 shows a schematic view of the rotary entrainment device, in which the
first output shaft is in or close to a first end position and the energy storage device is
loaded,

Figure 6 shows a view of the rotary entrainment device shown in Figure 5, in

which the first output shaft is in an opposite, second end position,

Figure 7 shows a view of the rotary entrainment device shown in Figure 5 with
the energy storage device acting in the opposite direction to the embodiment shown
in Figure 5, before loading of the energy storage device,
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Figure 8 shows a view of the rotary entrainment device shown in Figure 7 with a
loaded energy storage device, and

Figure 9 shows a view of the rotary entrainment device shown in Figure 7 with
the first output shaft in a first end position.

Figure 1 shows an assembly with a fail-safe actuator 10 which can move a part
12, for example a valve or a ventilation flap, between two end positions.

The actuator has a multiple-part outer housing 14 and an energy storage device
16 flanged or, more generally, fastened to the outer housing 14 which is designed
as a separate, externally closed assembly unit.

A first and a second electrical drive 18, 118, which can be seen in Figure 2, are
housed in the outer housing 14.

A transmission 22 comprising a first drive train 24 and a second drive train 26 is
driven via the drives 18, 118, wherein the first drive train 24 is assigned to the drive
18 and the second drive train 26 is assigned to the drive 118.

The drive trains 24, 26 comprise gear wheels which convert the torque generated
by the drive 18, 118 and pass it on into their drive train.

Each drive train 24, 26 can be fixed by a separate holding device assigned
thereto. The drive train 24 has a holding device 82 which is designed in the form of
an electromagnetic brake and acts on a gear wheel which is driven directly by the
pinion of the drive 18. This means that the holding device 82 only needs to hold a
very low torque and requires a small power input, so that it can be of compact
construction and only exhibits low intrinsic heating. The same also applies to a
holding device 182 which is provided for the second drive train 26 and likewise acts
directly on a gear wheel which is also driven directly by the pinion of the drive 118.

The first drive train 24 has a first gear wheel 32 which is coupled with a first
output shaft 34 or rests thereon. The second gear wheel 36, arranged parallel to the
first gear wheel 32, is assigned to the second drive train 26 and is also coupled with
a second output shaft 38 or forms part of same.

The output shafts 34, 38 are arranged coaxially with one another and terminate in
the gear wheels 32, 36.
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The first output shaft 34 leads, directly or with the interposition of other
mechanical torque-transmitting parts, to the driven part 12.

lllustrated in Figure 4 is a mechanical rotary entrainment device 40 between the
first output shaft 34 and the second output shaft 38. The rotary entrainment device
40 is realised by means of opposing end faces 42, 44 of the gear wheels 32, 36,
wherein stop surfaces are provided here via which the output shafts 34, 38 can be
coupled in the direction of rotation.

In the illustrated example, the stop surfaces are formed by projections, more
precisely pins, which are fastened to the gear wheels 32, 36 and project axially in
relation to these.

Specifically, on the gear wheel 36, a pin 46 and a pin 48 are introduced into
corresponding axial openings.

These pins 46, 48 are arranged on the same circular diameter around the
imaginary central axis of the output shafts 34, 38. A pin 50 is fastened to the gear
wheel 32, likewise in that it is introduced, preferably pressed, into a corresponding
axial opening. It too is arranged on the same circular diameter as the pins 46, 48.

Optionally, the pin 50 has on opposite sides in a circumferential direction in each
case an indentation 52 which is complementary to the outer diameter or the outer
geometry of the pins 46, 48, so that when the pin 50 comes into contact with the pin
46 and the pin 48, not only a linear contact but a planar contact takes place in each

case.

It can also be seen in Figure 4 that the second output shaft 38 is relatively long
and has a fitting spring groove 54 via which it is coupled with the energy storage
device 16.

This energy storage device 16 is shown in a cut-away state in Figure 3.

The energy storage device 16 has a so-called coupling point 60, which is also
shown in Figure 1, which is designed in the form of a hub. The second output shaft
38 can be introduced into this hub.

The hub is torque-coupled with a gear wheel 62 which is illustrated in Figure 3.
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This gear wheel meshes with two diametrically opposing gear racks 64. Each
gear rack 64 has a pair of compression springs 66, 68 or 70, 72 assigned thereto, by
means of which return energy can be stored which, in the event of a failure of the
drive 18, ensures that the part 12 is moved into a specified end position, even if the
part 12 is positioned at a distance therefrom.

The upper gear rack 64 shown in Figure 3 has on its right-hand end a spring
plate 74 fastened thereto which rests against the right-hand end of the compression
spring 68. The left-hand end of the compression spring 68 is supported against the
side of the housing.

The left-hand end of the upper gear rack 64 likewise carries a spring plate 76
which rests against the right-hand end of the compression spring 66, wherein here
too the left-hand end of the compression spring 66 is supported against the side of
the housing.

The lower gear rack 64 as shown in Figure 3 has loaded its assigned
compression springs 70, 72 in the contrary direction. The spring-rack arrangement
as a whole is point-symmetrical with respect to the central axis of the output shafts
34, 38. This means that the lower gear rack 64 has a spring plate 78 which is
fastened thereto and which rests against the left-hand end of the compression
spring 70, whereas the right-hand end of the compression spring 70 is supported
against the side of the housing. The right-hand end of the lower gear rack 64 is
coupled with a spring plate 80 which rests against the left-hand end of the
compression spring 72, wherein the right-hand end of the compression spring 72 is
in turn supported against the side of the housing.

If the second output shaft 38 is moved in an anticlockwise direction, as a result of
which the gear wheel 62 is likewise moved in an anticlockwise direction, the upper
gear rack 64 moves to the left and tensions its compression springs 66, 68 and the
lower gear rack 64 moves to the right and tensions its compression springs 70, 72.

The energy storage device 16 only acts in one direction, i.e. in this installed case
on relaxation of the compression springs it would cause a rotation of the second
output shaft 38 in a clockwise direction.

The coupling point 60 formed by the hub can be coupled to the second output
shaft 38 from two opposite sides. If the lower side of the energy storage device 16,
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as seen in Figure 1, is the front side, then the upper side shown in Figure 1 is the
rear side. If the energy storage device 16 is pulled upwards off the second output
shaft 38 and inverted by 180°, it can be plugged back onto the output shaft 38 with
its rear side. However, as a result of this inversion of the energy storage device 16,
the direction of rotation in which the energy storage device 16 acts on the second
output shaft 38 is reversed. The energy storage device 16 then tries to rotate the
output shaft 38 in an anticlockwise direction.

If the coupling of the energy storage device 18 to the output shaft 38 is effected
by means of a fitting spring, in this case the energy storage device 16 simply needs
to be additionally rotated by 180° around the central axis of the output shaft 38,
since as a result of the inversion the groove for the fitting spring will change to the
diametrically opposite side.

In order to hold the energy in the energy storage device 16 and thus store it, the
so-called holding device 182 which is externally actuatable by means of a control
(see Figure 2) is provided which, alternatively to the aforementioned
electromagnetic brake, is for example a magnetic spring lock or a clamped or form-
fitting connection of some kind. In the actuated state this holding device 182
prevents a rotation of the second output shaft 38, so that the compression springs
66, 68, 70, 72 remain in their tensioned position.

The pre-tensioning of the compression springs can be varied by means of
adjustment screws 86, see Figure 3, since the spring plates 74, 76, 78, 80 can be
adjusted axially relative to the gear racks 64 by means of these adjustment screws
86, because by means of these adjustment screws 86, which are screwed more or
less deeply into the end face of the gear racks 64, they are spaced at a greater or
lesser distance away from this. Nuts 88 are provided on the adjustment screws 86
as stops for the spring plates 74, 78. For the spring plates 76, 80, the screw heads
themselves act as stops.

The adjustment by means of the adjustment screws 86 is also important because
the output shaft 34 may not always be in the respective end position exactly at the
end its maximum movement; otherwise slight gaps could result due to tolerances or
external influences. Rather, the output shaft 34 may theoretically need to be able
overrun the respective end position by a couple of degrees, so that for example a

valve flap with a low pre-tension lies securely against the valve seat. These
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respective end positions can be different. For example, ball valves do not need to be
over-rotated as far as flaps.

Figure 5 shows the second gear wheel 36 and the fitting spring groove 54, which
is naturally offset axially in relation to the gear wheel 36, and is only drawn in to
make clear the position of the second output shaft 38.

Important are on the one hand the positions of the pins 46, 48, 50 relative to one
another and the fact that the two gear wheels 32, 36 in each case possess gear
teeth over more than 180° of the outer circumference, such as gear teeth extending
around the entire circumference, that is over 360°.

The pins 46, 48 of the gear wheel 36 are spaced apart from the central axis by a
greater angle a, which is so great that the stop surfaces 90, 92 of the pins 48 or 46,
which face one another around the circumference, are spaced at a distance of at
least 220°. This angle is the angle B. As can be seen in Figure 5, if it is able to rotate
to a maximum extent around the central axis relative to the pins 46, 48 without
limitation by the moved part; the pin 50 can thus move within an angular range of
more than 180° relative to the pins 46, 48, in this case in a clockwise direction, and

in an anticlockwise direction with reference to Figure 5.

In the position of the pin 48 represented in Figure 5 with broken lines, the second
output shaft 38 is rotated by 90° or somewhat more than 90° in a clockwise direction
relative to the position not represented with broken lines. In this position, the energy
storage device 16 is almost empty and now only has a low torque which it can apply
to the first output shaft 34.

The functional principle of the actuator is explained in the following starting out
from this starting position indicated with broken lines.

In a first state, the drive 18 engages, wherein at the same time its holding device
82 and the holding device 182, which were previously closed, are opened, so that
on subsequent actuation of the drive 18 the complete second drive train 26 is
activated. The second output shaft 38 is moved in an anticlockwise direction from
the first end position represented with broken lines (see pin 48 with broken lines in
Figure 5) into the opposite second end position according to the arrow in Figure 5, in
that the driven pin 50 entrains the pin 48 in an anticlockwise direction. This means
that the gear wheel 32 carries the gear wheel 36 and thus the output shaft 38 along
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with it. Thus, the gear wheel 62 and also the gear racks 64 are moved in an
anticlockwise direction, so that the compression springs are tensioned. The holding
device 182 is then actuated in order to block the second drive train 26 and thus the
second output shaft 38. The pins 46, 48 thus remain in the position shown in Figure
5.

During these movements, the first drive 18 can remain passive, and its holding
device 82 remains closed.

In a subsequent second state, in which the holding device 82 is activated as
before, the first drive 18 is activated and with it the first drive train 24. The gear
wheel 32 is thus driven, such that the first output shaft 34 can be moved between a
first end position and a second end position which is represented in Figure 6. As a
result, one or more valves or flaps, for example ventilation flaps in a tunnel, are
opened and closed. The first end position can be the position which is represented
in Figure 5 or can lie even further in a clockwise direction, for example at three or
around four o’clock. In this second state, the coupling 30 is released, i.e. no
movement of the gear wheel 36 and thus of the output shaft 38 takes place in the
second drive train. The drive trains 24, 26 are consequently decoupled from one
another.

If, in a third state, the drives 18, 118 falil, for example due to a power failure or
defect, a predefined position of the part 12 must be ensured. In this case the holding
devices 82, 182 are released automatically, because in this case for example a
spring-loaded magnet is no longer supplied with power, so that the spring removes
and releases a corresponding part from engagement in the assigned drive train 24,
26. The energy is then abruptly released from the energy storage device 16. That is
to say, in the event that, as shown in Figure 6 for example, the part 12 is in a closed
state and the pin 50 is located between its second end position and thereby rests
against the pin 48, the gear wheel 36 rotates in a clockwise direction, as a result of
which the pin 48 entrains the pin 50 and thus the first output shaft 34 and moves the
part 12 into its first end position.

The loading of the energy storage device 16 or, more generally, the introduction
of energy into the energy storage device 16 in the first state can also be achieved
otherwise than as explained above. For this purpose the drives 18, 118 are simply

actuated differently.
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For example, in the first state both drives 18, 118 are actuated, so that both drive
trains 24, 26 are activated and both output shafts 34, 38 are set in rotation
separately from one another. Both holding devices 82, 182 are naturally thereby
open. The pin 50 thus no longer needs to carry with it the pin 48, as explained
above with reference to Figure 5. The pins 48, 50 can thus be spaced apart one
another in the first state by an angle of rotation, and nonetheless the pin 48 is
moved into the position shown in Figure 6, and at the same time energy is
transferred into the energy storage device 16.

According to a further option, in the first state only the second drive train 26 is
actuated, i.e. the drive 118 moves the second output shaft 38 in an anticlockwise
direction, as seen in Figures 5 and 6 and thus introduces energy into the energy
storage device 16. The position of the pin 50 remains unchanged in this state.

If the direction of rotation of the energy storage device 16 is to be changed, for
example because in the event of a power failure the part 16 should no longer be in
the open position but rather in the closed position, the energy storage device 16 is
pulled off after it is completely or virtually completely discharged and, after being
inverted and then rotated by 180° around the central axis of the coupling point 60,
plugged back onto the second output shaft 38.

However, before fitting the inverted energy storage device 16, the second gear
wheel 36 is rotated by 180° in an anticlockwise direction. The pin 46 then rests
against the pin 50. This rotation of the second gear wheel 36 by 180° can be seen
from the position of the fitting spring groove 54 in Figure 7.

In order to recharge the energy storage device 16, the gear wheel 36 must be
moved in a clockwise direction, because the energy storage device 16 now acts in
an anticlockwise direction. This movement in a clockwise direction can again be
achieved in the three different ways explained above, either solely by rotating the
gear wheel 36, by at the same time rotating the gear wheels 32, 36 or by rotating the
gear wheel 32 and passively entraining the gear wheel 36 by means of the contact
between the pins 46, 50.

The tensioned state of the energy storage device 16 is illustrated in Figure 8.
Following the introduction of the energy into the energy storage device 16 and
activation of the holding device 182, through actuation of the coupling 28 the part 12

can then once again be moved between its two end positions, wherein this
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movement is symbolised in Figure 9 through the changed position of the pin 50 in
comparison with the paosition in Figure 8.

One of the end positions can thereby be configured such that the pin 50 makes
contact with one of the two pins 46, 48, depending on the direction of action of the
energy storage device 16.

Naturally, other energy-storing parts, for example other springs or also hydraulic
or pneumatic energy storage devices, can be provided instead of the compression
springs.

The theoretical maximum rotary moveability of the first output shaft 34 relative to
the second output shaft 38 can also be described in that if for example the stop
surface 90 is in contact with the stop surface 94 of the pin 50, a distance of at least
180° exists between the opposing stop surface 96 of the pin 50 and the stop surface
92. Naturally, as explained, this moveability is the theoretical moveability, if the
actuator 10 is not affected by the part 12, that is if the part 12 does not have any

stops which limit this maximum rotary moveability.

Naturally, the pins 46, 48, 50 can also be formed by other projections or can also
be provided directly on the output shafts 34, 38. In addition, the gear wheels 32, 36
can also transition integrally into their output shafts.

The electric motors of the drives 18, 118 can act as generators, both during the
movement of the part 12 in normal operation and also with activated energy storage
device.

In normal operation in particular, a control can then be used to adjust the return

time taken for the movement of the part 12.



