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LINEAR DRIVING DEVICE WITH LOAD DEPENDENT CLAMPING
CAPABILITY

The present invention relates to a linear driving device and more
particularly to a linear driving device having an improved clamping
arrangement.

The document EP 1 118 796 B1 describes a linear winch or traction
5 device having two caterpillars. One of these caterpillars is sliding relatively to
the other one along a linear translation direction inclined to the axis of the
pulled cable, so that the pulling onto the cable tends to move the sliding
caterpillar towards the other one, to create a clamping force onto the cable.
However, the disclosed arrangement is sensitive to dust, thus leading to the
10 need of an adequate protection of the moveable parts, especially the sliding
portions, so that cost and complexity will increase. Internal friction between
the sliding parts will also decrease the efficiency of the device to create a
clamping force from the pulling force, so that the reliability of the apparatus is
questionable. Moreover, such winch is not adequate to pull a large variety of
15 cables in terms of robustness. The magnitude of the clamping force is
determined by the friction ratio (between the cable and sliding caterpillar),
and the pulling force, in relation with the inclined slider. In other words, if
some cables are too weak to resist to this non variable clamping force, it will
be impossible to drive them without damage. The last concern with this winch
20 s that it is impossible to drive the cable in two opposite directions (i.e. push-
pull operations) without removing the cable out of the winch, turning the latter
by 180° and reinstalling the cable between the two caterpillars to drive the
cable in the opposite direction. This set up is long and reduces the overall
operating availability of the equipment if numeral push-pull changes are

25 required.

The present invention aims to solve these aforementioned drawbacks
and is directed to propose first a winch arranged to drive an elongated
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element, with a low sensitivity to dust, and with the ability to adapt the
magnitude of the clamping force onto the elongated element.

With this goal in mind, a first aspect of the invention is a linear driving
device comprising:
5 - areference driving element and
- a moveable driving element,
the linear driving device being arranged for driving an elongated element
located between the reference driving element and the moveable driving
element,

10 at least one of the reference driving element and the moveable driving
element being powered to apply an axial force to the elongated element to
drive it,
the moveable driving element being moveable relative to the reference
driving element so that the axial force combined to a friction between the

15 elongated element and the moveable driving element presses the moveable
driving element towards the reference driving element to create on the
elongated element a clamping force,
characterized in that
- the linear driving device comprises at least one pivoting lever attached to

20 the reference driving element by a first rotation axis and to the moveable
driving element by a second rotation axis, and
- when the elongated element is driven, the at least one pivoting lever is
arranged so that the magnitude of the clamping force depends on a
predetermined angle defined between a perpendicular direction to the axial

25 force and a reaction force between the reference driving element and the
moveable driving element and passing through the first and second rotations
axes.

The present invention provides a linear driving device with a moveable

driving element attached to the reference driving element by a rotating lever

30 through rotation axes. The sensitivity of rotation axes to dust is lower than
sliders, and sealing these axes is easier than sealing a slider. It results that

the friction within the rotation axes is low, so that the mechanical losses
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within the articulations will not prevent the system from creating an efficient
clamping force. In addition, the linear driving device, with the pivoting lever
arranged so that the magnitude of the clamping force depends on the angle
between a line perpendicular to the axial force and the reaction force passing

5 through the first and second rotation axes, makes possible to obtain several
angles, as the latter is defined between the moveable lever and a fixed
direction. It is thus possible with such arrangement to adapt the clamping
force magnitude to the strength of the elongated element, to avoid any
damage.

10 Advantageously, the second rotation axis is moveable along a circular
trajectory in a trajectory plane, and when the elongated element is driven, the
predetermined angle is defined within the trajectory plane, between a line
passing through the first and second rotation axes and a direction
perpendicular to the axial force.

15 Advantageously, the at least one pivoting lever comprises adjustment
means arranged to adjust a distance between the first rotation axis and the
second rotation axis, thereby adjusting the predetermined angle. The
adjustment means make possible to adjust the distance between the first and
second rotation axes, so that the inclination of the lever is adjustable. The

20 angle and the clamping force are easily adjusted with this embodiment.

Advantageously, the first rotation axis and/or the second rotation axis
is attached to the at least one pivoting lever through an eccentric case. Such
eccentric cases provide an easy and fast set up of the distance between the
first and second axe. Fine tuning is also possible with this embodiment.

25 Advantageously, the moveable driving element comprises a caterpillar
powered to apply the axial force to the elongated element.

Advantageously, the reference driving element comprises a caterpillar
powered to apply an additional axial force to the elongated element. The
efficiency of the linear driving device is improved with the additional axial

30 force.
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Advantageously, the moveable driving element, the reference driving
element and the at least one pivoting lever arranged in a first geometrical
configuration apply a first axial force in a first direction of the elongated
element, and wherein the moveable driving element, the reference driving

5 element and the at least one pivoting lever arranged in a second geometrical
configuration, apply a second axial force in a second direction of the
elongated element, opposite to the first direction of the elongated element.
This embodiment achieves a reversible functioning of the linear driving
device to allow push-pull operations.

10 Advantageously, the predetermined angle from the perpendicular
direction to the reaction force in the first geometrical configuration has a first
absolute value and is oriented in a first angular direction, and wherein the
predetermined angle from the perpendicular direction to the reaction force in
the second geometrical configuration has the same first absolute value but is

15 oriented in a second angular direction opposite to the first angular direction.
The change of driving position is achieved by a rotation of the pivoting lever
around the first rotation axis, from the first geometrical position to the second
geometrical configuration, the pivoting lever rotating by an angle being twice
the first absolute value.

20 Advantageously, the linear driving device comprises a supporting
frame, and the at least one pivoting lever is connected to the supporting
frame by a third rotation axis. This embodiment makes the moveable driving
element and the reference driving element both moveable relative to the
supporting frame along circular trajectories, so that a set up of the position of

25 driving elements is possible, to match for example the position of the
elongated element.

Advantageously, the linear driving device comprises a second pivoting
lever:
- attached to the reference driving element by a fourth rotation axis and to the
30 moveable driving element by a fifth rotation axis, and
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- arranged so that a line passing through the first and second axes is parallel
to a line passing through the fourth and fifth rotation axes.

Advantageously, the linear driving device comprises pushing means

arranged to push the moveable driving element onto the elongated element.

5 The pushing means create a residual clamping force to achieve the contact

between the reference driving element, the elongated element and the

driving element. An elastic element such as a spring may be used, or a

cylinder or the weight of the moveable driving element may also be used to
create this residual clamping force.

10 Other characteristics and advantages of the present invention will
appear more clearly from the following detailed description of particular non-
limitative examples of the invention, illustrated by the appended drawings
where:

- Figure 1 represents a first embodiment of the invention;
15 - Figure 2 represents a second embodiment of the invention;
- Figure 3 represents a third embodiment of the invention;

- Figures 4a and 4b represent two alternatives of the second
embodiment.

The linear driving device represented at Figure 1 comprises a

20 reference driving element, a caterpillar 10 attached to a supporting frame 50,
and a moveable driving element and a caterpillar 20. The two caterpillars 10

and 20 are arranged together to apply an axial force Fa to an elongated
element 100 placed between themselves. The elongated element 100 may
either be a cable, a tube, a duct or an optical fiber. The linear driving device

25 may also drive any kind of elongated element 100 with a constant cross
section (such as an ellipse or polygon), or with a variable cross section, with

a constant period. The caterpillars 10 and 20 are attached together by a first
pivoting lever 30 and a second pivoting lever 40. The first pivoting lever 30 is
connected to the reference driving caterpillar 10 by a rotation axis 31, and to

30 the moveable driving caterpillar 20 by a rotation axis 32. Similarly, the second
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pivoting lever 40 is connected to the reference driving caterpillar 10 by a
rotation axis 41, and to the moveable driving caterpillar 20 by a rotation axis
42. The first and second pivoting levers are arranged so that the moveable
driving caterpillar 20 has a circular trajectory within a first plane, and within

5 this first plane, a first line passing through the rotation axes 31 and 32 is
parallel to a second line passing through the rotation axes 41 and 42.

As shown at figure 1, the linear driving device is applying an axial force

Fa to the elongated element 100. The moveable driving caterpillar 20 is
powered by a motor (not shown) and rotates as represented by the arrow.

10 The friction between the elongated element 100 and the moveable driving
caterpillar 20 makes the moveable driving caterpillar 20 apply an axial force

to the elongated element 100. This axial force, in relation to the friction and in
relation to the trajectory imposed to the moveable driving caterpillar 20 by the

first and second pivoting levers 30 and 40, presses the moveable driving

15 caterpillar 20 towards the reference driving caterpillar 10, thus creating a
clamping force Fc. In other words, the friction, combined to the axial force
creates a downwards force Fc that presses the moveable driving caterpillar
onto the elongated element. Since the moveable driving caterpillar 20 is
connected to the reference driving caterpillar 10 by the pivoting levers 30 and

20 40, the reaction force Fr between the reference and moveable driving
caterpillars 10 and 20 passes through the rotation axes 31-32 and 41-42, as

shown. The clamping force Fc is then dependent on the angle &, which is the
inclination between the line connecting the rotation axes 31-32 or 41-42 and
a direction perpendicular to the axial force Fa. The predetermined angle . is
25 dependent from the length L between the two rotation axes 31-32 and 41-42,
so that an adjustment of this length L will affect the predetermined angle o

and as a consequence, the clamping force Fc. It is thus possible to set the
length L to a value so that the clamping force will have a magnitude adapted
either to the maximum stress the elongated element can withstand or to

30 increase in return the maximum axial force applied to the elongated element
to correctly drive it.
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Figure 2 represents a second embodiment of the present invention.

The reference driving caterpillar 10 and the moveable driving caterpillar 20

are both moveable relatively to the supporting frame 50 because the first

pivoting lever 30 and the second pivoting lever 40 are both attached to the

5 supporting frame 50. The first pivoting lever 30 is attached to the moveable

driving caterpillar 20 by the rotation axis 32, and to the reference driving

caterpillar 10 by the rotation axis 31. The second pivoting lever 40 is attached

to the moveable driving caterpillar 20 by the rotation axis 42, and to the

reference driving caterpillar 10 by the rotation axis 41. Similarly to the first

10 embodiment, the moveable driving caterpillar 20 is powered by a motor (not

shown) to apply to the elongated element 100 the axial force Fa, and is

pressed towards the reference driving caterpillar 10 due to the friction

between the elongated element 100 and the moveable driving caterpillar 20.

The clamping force Fc depends on the predetermined angle o defined

15 between the reaction force Fr passing through the rotation axes 31-32 or 41-
42, and the direction perpendicular to the axial force Fa.

Figure 3 represents a third embodiment of the invention. The
reference driving caterpillar 10 and the moveable driving caterpillar 20 are
both moveable relatively to the supporting frame 50 as the first pivoting lever

20 30 and the second pivoting lever 40 are both attached to the supporting
frame 50. The difference with respect to the second embodiment is that the
moveable driving caterpillar is only attached to the pivoting lever 40,
increasing its degrees of freedom compared to the first and second
embodiments, as the moveable driving caterpillar can freely rotate around the

25 rotation axis 42.

The second and third embodiments, with the first and second pivoting
levers 30 and 40 respectively attached to the supporting frame 50 allow a
vertical set up of the two driving caterpillars 10 and 20.

Figure 4a is a side view of a first alternative of the second
30 embodiment, showing that there are pivoting levers 40 arranged only at one
side of the driving caterpillars 10 and 20. This alternative allows a swift and
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easy engagement or disengagement of the elongated element 100 between
the two driving caterpillars 10 and 20, as one side is left free for access.

Figure 4b is a side view of a second alternative of the second

embodiment, showing that pivoting levers 40 and 40b are arranged on both

5 sides of the driving caterpillars 10 and 20. This reduces the stress in the

rotation axes, but the engagement or disengagement of the elongated

element 100 between the driving caterpillars 10 and 20 may only be done
through the free end of the elongated element 100.

The alternatives shown on figures 4a and 4b are of course not limited
10 to the second embodiment of the invention, and may be used to any
embodiment of the invention.

Another embodiment of the invention may consist in coupling any one
of the pivoting levers with command means (a pneumatic or hydraulic
cylinder, an elastic element, or an handle for example) to assist the

15 movement of the pivoting levers and thus driving caterpillars to engage or
disengage the elongated element 100, and/or to apply an additional clamping
force during the driving of the elongated element.

It should be noted that all the embodiments of the present invention

allow reversing the operating conditions, to push-pull the elongated element

20 in two opposite directions. This set up is easily achieved by pivoting

counterclockwise the represented pivoting levers 30 and 40 by an angle

double that of the represented angle o. The reference and moveable driving

caterpillars 10, 20 then have to be powered in the opposite angular rotation,

to apply an axial force Fa' opposite to the represented axial force Fa, thus

25 creating a clamping force dependent on the predetermined angle o. The

need to remove the elongated element from the linear driving device and

turning the linear driving device by 180° is avoided with such linear driving

device having pivoting levers connecting the caterpillars. A linear and

continuous pushing-pulling operation is possible with such linear driving

30 device, and set up of the length between the rotation axes of the pivoting
levers allows to adapt the clamping force.
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It is understood that obvious improvements and/or modifications for
one skilled in the art may be implemented, being under the scope of the
invention as it is defined by the appended claims. In particular, it is made
reference to caterpillars as driving means, but it may contemplated to use
drums or wheels to apply the axial force to the elongated element. It is also
said that the clamping force depends on the predetermined angle «, but it
also depends on the friction ratio between the elongated element and the
powered driving element.
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CLAIMS

1. Linear driving device comprising:
- a reference driving element and
- a moveable driving element,

5 the linear driving device being arranged for driving an elongated element
located between the reference driving element and the moveable driving
element,
at least one of the reference driving element and the moveable driving
element being powered to apply an axial force to the elongated element to

10 driveiit,
the moveable driving element being moveable relative to the reference
driving element so that the axial force combined to a friction between the
elongated element and the moveable driving element presses the moveable
driving element towards the reference driving element to create on the

15 elongated element a clamping force,
characterized in that
- the linear driving device comprises at least one pivoting lever attached to
the reference driving element by a first rotation axis and to the moveable
driving element by a second rotation axis, and

20 - when the elongated element is driven, the at least one pivoting lever is
arranged so that the magnitude of the clamping force depends on a
predetermined angle defined between a perpendicular direction to the axial
force and a reaction force between the reference driving element and the
moveable driving element and passing through the first and second rotations

25 axes.

2. Linear driving device according to claim 1, characterized in that
- the second rotation axis is moveable along a circular trajectory in a
trajectory plane, and
- when the elongated element is driven, the predetermined angle is defined
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within the trajectory plane, between a line passing through the first and
second rotation axes and a direction perpendicular to the axial force.

3. Linear driving device according to any one of claim 1 or 2,

wherein the at least one pivoting lever comprises adjustment means

5 arranged to adjust a distance between the first rotation axis and the second
rotation axis, thereby adjusting the predetermined angle.

4, Linear driving device according to any one of claim 1 to 3,
wherein the first rotation axis and/or the second rotation axis is attached to
the at least one pivoting lever through an eccentric case.

10 5. Linear driving device according to any one of claim 1 to 4,
wherein the moveable driving element comprises a caterpillar powered to
apply the axial force to the elongated element.

6. Linear driving device according to any one of claim 1 to 5,
wherein the reference driving element comprises a caterpillar powered to
15 apply an additional axial force to the elongated element.

7. Linear driving device according to any one of claim 1 to 6,
wherein the moveable driving element, the reference driving element and the
at least one pivoting lever arranged in a first geometrical configuration apply
a first axial force in a first direction of the elongated element, and wherein the

20 moveable driving element, the reference driving element and the at least one
pivoting lever arranged in a second geometrical configuration, apply a
second axial force in a second direction of the elongated element, opposite
to the first direction of the elongated element.

8. Linear driving device according to claim 7, wherein the
25 predetermined angle from the perpendicular direction to the reaction force in
the first geometrical configuration has a first absolute value and is oriented in
a first angular direction, and wherein the predetermined angle from the
perpendicular direction to the reaction force in the second geometrical
configuration has the same first absolute value but is oriented in a second

30 angular direction opposite to the first angular direction.
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9. Linear driving device according to any one of claim 1 to 8,
comprising a supporting frame, wherein the at least one pivoting lever is
connected to the supporting frame by a third rotation axis.

10. Linear driving device according to any one of claim 1 to 8,
5 comprising a second pivoting lever:
- attached to the reference driving element by a fourth rotation axis and to the
moveable driving element by a fifth rotation axis, and
- arranged so that a line passing through the first and second axes is parallel
to a line passing through the fourth and fifth rotation axes.
10



