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MECHANISM FOR TRANSMITTING ROTATIONAL POWER

FIELD OF THE INVENTION:
The invention concerns the field of mechanisms for transmitting mechanical power between two
rotating elements. The invention notably concerns mechanisms able to continuously vary the ratio of rotational

speed. Such transmission systems are known as "continuously variable transmissions" (CVT).

STATE OF THE ART:

In 1935, application GB 436,053 described a speed changing mechanism that used a chain
connecting two shafts. On each shaft is mounted a wheel equipped with sectors, each of which is mounted on a
spring so that they presse against the chain. When the chain links have gone around the wheel and are about to
connect to the other wheel, the release of the links requires that the pressure be released by successively
compressing the sector springs. In this mechanism, the circular trajectory of the chain is maintained solely by the
pressure against the sides of the chain. Thus, the pressure force must be very high to prevent the chain from
slipping on the wheel. This limits the torque that can be transmitted. Moreover, the energy consumed in
compressing the springs and releasing the pressure greatly reduces the energy efficiency of the transmission.

Application GB 356,196 also describes a variable-speed power transmission mechanism.

Application US 4,078,442, published in 1978, illustrates a variable speed control. A chain is
equipped, at each end of its articulation pins, with traction pads that rest on conical surfaces of two facing wheels.
When the chain is stretched between two assemblies of two facing conical wheels, the pressure of the pads on
the conical surfaces enables a torque to be transmitted. However, there is a drawback to such transmission in
that adhesion of the chain to the conical surfaces requires that the chain be stretched, not only in its "stretched"
strand but also in its "slack” strand. The chain must be subject to a basic tension that is not used to transmit
torque and brings about multiple parasitic sources of friction. For example, whenever a link moves from a straight
portion of its trajectory to a wound portion, the energy dissipated through friction on the axis of the link itself is
increased because of this basic tension. The energy efficiency is very mediocre.

In 2008, application WO 2008/012591 proposed a transmission that used a chain of fixed length but
comprising drive elements mounted on an elastic support and engaging with radial grooves. In this way the
spacing between two successive drive elements could be modified. This transmission also had mediocre
efficiency because the compression and release of the elastic supports of each link consumes energy.

Moreover, US 2,328,544, which describes the preamble of claim 1 and of claim 21, GB 575,725,

GB 551,690, and EP 1,811,205 also describe continuously variable transmissions.

OBJECT AND SUMMARY OF THE INVENTION

The invention proposes a mechanism and method of transmitting rotational power that remedies at
least one of the aforementioned problems.

A goal of the invention is to propose a rotational power transmission that has an improved energy
efficiency and is compatible with a continuously variable transmission ratio.

An embodiment of a first aspect of the invention is a mechanism for transmitting rotational
comprising:

- a link extending along a closed loop and consisting of a succession of portions each of which
has a longitudinal direction tangent to the closed loop;

- first and second rotary elements, respectively mobile in rotation around a first and second axis;

- link guide means designed to guide the link along a first drive circle coaxial to the first axis and
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2

along a second drive circle coaxial to the second axis, the closed loop comprising an active portion of each of the
drive circles; and

- means for temporarily unifying each link portion with successively each of the rotating elements
whenever the link portion passes into the corresponding active portion.

Temporary unifying means comprise a plurality of self-locking means distributed at least along the
active portion of the first drive circle, self-locking means comprising at least one rigid locking element resting
simultaneously, on the one hand, against a first support surface belonging to the first rotating element and, on the
other hand, against a second support surface belonging to a link portion facing the locking element.

First and second support surfaces are arranged in such a way that at least one locking element of
the active portion of the first drive circle is jammed between the first and second support surface and is capable of
self-unlocking whenever the corresponding self-locking means leaves the active portion.

At least one of the first or second support surfaces is a tangential gripping surface that is parallel to
the longitudinal direction of the link portion against which the locking element is resting.

A "rigidlocking element" is understood to mean either a rigid body or a subassembly of several rigid
bodies capable of being movable with respect to one another in a certain configuration, but where the
subassembly has a configuration in which those bodies are in static equilibrium with one another and form a rigid
subassembly capable of being locked.

The fact that one of the support surfaces is parallel to the longitudinal direction of the link portion
means that the mechanical power transmission utilizes the friction component of the support upon this surface.
There is no obstacle drive as in bicycle gears. This allows the tangential gripping to occur over an infinite number
of possible positions, for example, throughout the entire length of the link and not only in certain discrete
locations. This enables the locking element to unify the link portion and the corresponding rotational element
regardless of the diameter of the drive circle. Moreover, the fact that this unification takes place by jamming a
locking element means that the support force on the first and second support surfaces is proportional to the
torque transmitted in such a way as to maintain the immobilization. Additionally, the locking element constitutes a
mechanical intermediary between the rotary element and the link. The unification by jamming assumes certain
frictional and relative speed conditions. When those conditions disappear, self-unlocking occurs. No energy needs
to be supplied for the link to leave the rotary element. Thus, the combination of unification by jamming and
support on a surface parallel to the link portion provides a continuously variable transmission ratio, the
transmission of high torque values, and good energy efficiency.

We distinguish the relative immobilization of two parts by the jamming of a locking element from the
simple immobilization of said two parts through the interposition of an intermediary element between the parts,
such as a key or a bolt, by the fact that the persistence of the cause of relative movement between the two parts
bound by jamming brings about deformations that increase the locking. The locking element can be jammed by
friction between the two parts being unified, as in the case of a free-wheel mechanism, or with friction between
the locking element and one of the two parts only.

In the case of the jamming of a locking element between the aforementioned first and second
support surfaces, we can characterize the jamming by considering the centers of the contact surfaces of the
locking element with respectively the first and second support surface. We refer to a line of action as the line
passing between these two centers. The jamming is thus characterized by the fact that the line of action has an
angle at least with respect to the normal to the support surface that is the tangential gripping surface, which
normal is taken at the location of the corresponding center, and by the fact that the tangent of said angle is less
than the coefficient of static friction of the locking element with the tangential gripping surface.

In prior art US 4,078,442, mentioned above, the traction pads are simply compressed between the

conical wheel and the rest of the chain. The transmitted torque is the cause of the potential relative motion
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between the wheel and the rest of the chain. The axial compressive force of the pads is not increased by the
persistence of the transmitted torque. There is no jamming of the traction pad between the conical wheel and the
chain. Similarly, in prior art GB 436,053, the pinching force of the chain exercised by the sectors is independent of
the transmitted torque. There is no jamming of those sectors. In prior art WO2008/012591, the gearing elements
are simply in direct contact with the radial grooves; they are not jammed against those grooves.

Advantageously, the mechanism is related to a continuously variable transmission, wherein the
guide means of the link are designed so that the diameter of at least the first drive circle can be varied.

According to an embodiment, the locking elements are capable of rolling on the first and/or second
corresponding support surface. Because of the ability of this mechanical intermediary to roll around at least on
one of those support surfaces, it is possible to move those two support surfaces with respect to one another with
reduced force while the locking element is still jammed between them and while the support force is high. There is
no static frictional force to be overcome, only a very reduced rolling friction. This enables the locking conditions to
be discontinued without a significant energy input. The fact of using a means for unifying the movement of the link
with at least one of the rotary elements by jamming an element capable of rolling has the surprising effect, on the
one hand, of allowing a very high unification force to be used, opening the way to high-power transmission, and,
on the other hand, of facilitating the separation between the link and the rotary element. This greatly improves the
energy efficiency of the transmission.

Advantageously, the locking elements of the mechanism are taken from among a group comprising:
balls, rollers, barrels, subassemblies equipped with a support pad rubbing against the tangential gripping surface
and comprising an element of reduced coefficient of friction against the other support surface (rolling elements,
sliding elements, oil film, etc.); cams articulated at one extremity and having a curved and rubbing support surface
at the other extremity, elongated cams having two curved and rubbing support extremities.

Advantageously, the locking elements can be rollers arranged to cooperate with the support and
with the link by friction and rolling.

In one embodiment, the plurality of self-locking means is distributed along the first drive circle or
along the two drive circles.

Advantageously, the link has a first gripping plane appreciably perpendicular to the first and second
axis, in which each link portion comprises at least one rigid element, wherein each of the rigid elements
comprises a first gripping surface extending into the first gripping plane. Thus, the principal component of the
force exerted to grip the link is parallel to the axis.

Advantageously, the link has a second gripping plane, parallel to the first gripping plane, wherein
each rigid element comprises a second gripping surface extending into the second gripping plane. The rigidity of
rigid elements enables resisting to a pinching force on the two opposite gripping surfaces. The axial components
of the pinching forces on said surfaces mutually cancel one another. Only the tangential component of the force
cumulates, and this can be sufficiently high to transmit high torque values.

Advantageously, the gripping surfaces that are coplanar and belong to two successive portions of
the link are appreciably adjacent so that the locking elements of the mechanism are capable of simultaneously
pressing on said adjacent gripping surfaces.

Advantageously, the link is a chain consisting of mutually articulated pitches.

Advantageously, each pitch has a pad having at least one gripping surface appreciably contained in
the gripping plane of the chain.

Advantageously, the pads of two successive pitches can have shapes conjugated in such a way
that the gripping surfaces of said successive pitches are appreciably continuous with one another, while allowing

the articulation of said pitches. This enables the locking element or elements to press on the gripping surface or
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surfaces as if a continuous plane perpendicular to the shafts were involved. There is no gap liable to block the
locking elements.

Advantageously, the first rotary element - or each of two rotary elements - is equipped with a
plurality of supports, radially mobile along the corresponding rotary element, wherein each of the self-locking
means of the corresponding rotary element comprises at least one rigid locking element integral with the support
and one return means designed to bring the locking element into a locking position.

Advantageously, each of the rotary elements equipped with mobile supports comprises a pair of
wheels having guides distributed along the two wheels in such a way as to be facing one another, two-by-two, in a
plane passing through the first axis; and in which the supports, slidingly mounted on said guides, comprise a
connecting portion having an axial extremity that cooperates with one of the guides of one of the wheels, the other
axial extremity cooperating with the opposite guide on the other wheel.

Advantageously, the guides of at least one of the wheels form an acute angle with respect to the
corresponding axis; and the mechanism comprises a device for axially driving one wheel with respect to the other
wheel of the pair of wheels in such a way as to vary the diameter of the drive circle of the link.

Advantageously, each of the supports comprises said first support surface of the locking element
integral with the support, the same locking element in locking position pressing on said second support surface in
a zone having as its center a point, known as the gripping point.

Advantageously, the first support surface is an appreciably plane locking surface making a locking
angle with respect to the first gripping plane.

By gripping point we mean the barycenter of the support forces distributed along the Hertz surface
between the locking element and the gripping plane.

Advantageously, the orientation of the locking angle can depend on the direction of rotation of the
rotary elements and on the fact that a motor element or receiver of the transmission of power is involved. For the
receiving rotary element, this is the link that drives the rotary element. The locking surface is closer to the link
downstream from the locking element. That is to say, when the link portion in contact with the locking element is
moved in the direction of link movement, the locking element is led to a portion of the locking surface that is closer
to the link. That is to say, the locking element is locked even more tightly. The force transmitted by the locking
element upon the locking surface reaches sufficient intensity to transmit the torque to the receiving shaft. In the
case of the driving rotary element, it is the rotary element that pulls the link, and the locking surface is closer to
the link upstream of the locking element.

In a variant, the normal to the locking surface has a supplementary angle with respect to a plane
perpendicular to a radius that passes through the gripping point.

Advantageously, the supplementary angle is oriented in such a way that the direction imposed by
the return means arrives appreciably parallel to a plane defined as being parallel to the axis and to the strand of
the link downstream of the rotary element under consideration, after the gripped link portion has begun to enter
the downstream strand.

Advantageously, the supplementary angle is greater than or, ideally, equal to half of the angle from
which a portion of the downstream strand is no longer axially facing the locking surfaces, in particular, for the
receiving rotary element.

In a variant in which the first or second rotary element is a receiving element of the power
transmission, the self-locking means of the receiving rotary element are equipped with locking elements arranged
in such a way that the distance of the gripping point from the axis of the receiving element is greater than the
distance separating said axis from a neutral line of the link along the corresponding drive circle.

In a variant in which the first or second rotary element is a motor element of the power

transmission, the self-locking means of the motor rotary element are equipped with locking elements arranged in
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such a way that the distance of the gripping point from the axis of the motor element is less than the distance
separating said axis from a neutral line of the link along the corresponding drive circle.

In a variant, the Hertz surface assembly relative to the support between the gripping plane and the
locking element equipping the receiving shaft is beyond the neutral line of the link with respect to the axis.
Alternatively or in combination, the Hertz surface assembly relative to the support between the gripping plane and
the locking element equipping the motor shaft can be in front of the neutral line of the link with respect to the axis.

Advantageously, said first and second support surfaces are arranged in such a way that the speed
difference between said support surfaces whenever the link portion leaves the drive circle brings about the
unlocking of the locking element.

Advantageously, the tangential gripping surface is perpendicular to the first axis or presents, with
respect to the plane perpendicular to the first axis, an angle less than the angle of friction between the locking
element and the gripping surface.

Advantageously, the link is deformable and inextensible. The inextensibility of the link can be such
that transmission of the torque does not result in any significant elongation of the closed loop.

According to another embodiment of the mechanism of power transmission, the plurality of self-
locking means is distributed along the link, the tangential gripping surface being the support surface of the first
rotary element. Each of the self-locking means comprises at least one rigid locking element integral with a link
portion and a return means designed to return the locking element to a locking position. Advantageously, said
tangential gripping surface extends appreciably continuously around the first axis and throughout the entire radial
zone corresponding to the variation of the diameter of the drive circle.

According to another embodiment, any of the aforementioned mechanisms comprises a plurality of
supports rotationally integral with the first rotary element and disposed along the first drive circle.

Each self-locking means has a tangent plane defined as parallel to the first axis and tangent to the
closed loop at the site of the self-locking means, and comprises at least one connecting element consisting of a
connecting solid or several connecting solids supported two-by-two by a mutual support surface.

When the self-locking means is in a locking configuration, the connecting element rests on one of
the supports through a mutual support surface and on a portion of the link through another mutual support
surface.

At least one of the mutual support surfaces is a disengagement surface whose normal presents,
with respect to the tangent plane, an angle greater than a disengagement angle.

Each connecting element comprises said locking element, consisting of all or part of the connecting
solids, the locking element being, in its locking configuration, jammed between two mutual locking support

surfaces situated on either side of the locking element.

According to a second aspect, the invention concerns a rotational power transmission mechanism
comprising:

- alink extending along a closed loop,

- afirst and second rotary element, respectively mobile in rotation around a first and second axis,

- link guide means designed to guide the link along a first drive circle coaxial with the first axis
and along a second drive circle coaxial with the second axis, the closed loop comprising an active portion of each
of the drive circles, and

- a plurality of supports integral in rotation with the first rotary element and disposed along the
first drive circle, and

- a plurality of self-locking means distributed along the active portion of the first drive circle, each
of which presents a tangent plane defined as being parallel to the first axis and tangent to the closed loop at the
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site of the self-locking means,

wherein each self-locking means comprises at least one connecting element consisting of a
connecting solid or several connecting solids supported two-by-two by a mutual support surface,

wherein the self-locking means is in a locking configuration, the connecting element resting on one
of the supports through a mutual support surface and on a portion of the link through another mutual support
surface,

wherein at least one of the mutual support surfaces is a disengagement surface whose normal
presents, with respect to the tangent plane, an angle greater than a disengagement angle,

and wherein each connecting element comprises a locking element consisting of all or part of the
connecting solids, the locking element being, in its locking configuration, jammed between two mutual locking

support surfaces situated on either side of the locking element.

It can be seen that, in the locking configuration of the transmission mechanism according to this
second aspect, the connecting element exerts a force between the link portion and the support, and the intensity
of this force is principally due to the jammed locking element. As in the embodiments according to the first aspect
of the invention, this force increases with the torque transmitted and does not require that the relaxed
transmission strand be stretched. However, according to this second aspect, this connecting force is transmitted,
in locking configuration, through mutual contact with the disengagement surface. Because of the angle that the
normal to this disengagement surface presents with respect to the tangent plane, this transmission of force
ceases once the radial component of the connecting force becomes insufficient to ensure adhesion by static
friction on the disengagement surface. This enables self-locking means to self-unlock.

According to either of the aforementioned aspects, an embodiment of the mechanism is such that
the mutual support surfaces together define a reference direction, which is the direction of a force that would be
transmitted to the support if the link portion exerted a force without radial component upon the connecting
element. The disengagement angle is defined as being the smallest angle of inclination of the normal to the
disengagement surface with respect to the tangent plane, angle of inclination for which the reference direction is
outside the cone of friction on the disengagement surface.

According to another of the aforementioned aspects, an embodiment of the mechanism is such that
the disengagement angle is defined as having a tangent equal to the coefficient of friction on the disengagement
surface.

According to either of the aforementioned aspects, an embodiment of the mechanism is such that
the support presents an overall U shape, receiving the corresponding arriving link portion in the active portion,
and in which the link portion is pinched between a force exerted by the connecting element of the self-locking
means between a branch of the U and the link portion and a counterreaction having an opposing axial component
exercised between the other branch of the U and the same link portion.

According to either of the aforementioned aspects, an embodiment of the mechanism is such that
the link portion comprises an actuating surface by which the link portion exercises, whenever it is approached by
the corresponding support, an actuating force having a radial component, which actuating force is then
transmitted to the support via the connecting element. The angle of the disengagement surface is less than a
predetermined maximum angle so that the appearance of the actuating force gives the force exercised by the
connecting element between the support and the link portion a direction included in the cone of friction of the
disengagement surface.

Advantageously, the self-locking means comprises a jamming return spring arranged to return the

locking element in a nominal position parallel or in an appreciably parallel manner to the tangent plane.
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Advantageously, the self-locking means comprises a stop that is movable between a rest position
defining the nominal position of the locking element and a withdrawn position. The self-locking means also
comprises a pretensioned spring arranged to maintain the stop in rest position while the jamming return spring
pushes the locking element into a disengaged configuration against the stop. The withdrawn position allows for
movement of the locking element in the locking configuration beyond the nominal position.

According to any of the aforementioned aspects, an embodiment of the mechanism is such that at
least that mutual locking support surface that is not a disengagement surface has a normal parallel to the tangent
plane.

Advantageously, the connecting element is integral with the support.

According to either of the aforementioned aspects, an embodiment of the mechanism is such that
the mutual locking support surface whose normal is parallel to the tangent plane belongs to the support and in
which the connecting element is indistinguishable from the locking element and comprises a gripping wedge that
cooperates with a gripping plane of the link that is also the disengagement surface.

According to either of the aforementioned aspects, an embodiment of the mechanism is such that
the connecting element is indistinguishable from the locking element and comprises a longitudinal carriage
movable in parallel to the tangent plane; wherein the connecting and locking element also comprises a gripping
wedge, located on the longitudinal carriage and sliding radially on the longitudinal carriage along the
disengagement surface.

Advantageously, the connecting and locking element also comprises a series of parallel rollers
placed between a sliding surface of the longitudinal carriage and the mutual locking support surface belonging to
the support.

According to either of the aforementioned aspects, an embodiment of the mechanism is such that
the connecting element comprises a radial carriage that slides radially on the support along the disengagement
surface. The locking element is located on the radial carriage and the radial carriage comprises the mutual locking
support surface.

Advantageously, the locking element comprises a gripping wedge cooperating with a gripping plane
of the link and a series of parallel rollers placed between the mutual locking support surface belonging to the
radial carriage and a sliding surface of the gripping wedge.

Advantageously, the self-locking means comprises a disengagement spring arranged to radially
move a connecting solid supported by the disengagement surface.

According to another aspect, the invention concerns a method of transmitting rotational power
between two rotary elements utilizing a link in a closed loop. The method comprises the steps:

- of linking, in which each link portion circulates from one rotary element to another,

- of the self-locking of link portions whenever these are around one of the rotary elements, and

- of the self-unlocking of link portions whenever these circulate from one rotary element to the
other.

Self-locking occurs through the jamming of a locking element between the rotary element and said
portion, mechanical power transmission occurring through friction on a surface parallel to the tangent to the
corresponding pottion of the closed loop.

According to another embodiment, the method of transmitting rotational power between two rotary
elements uses a connection in a closed loop surrounding the two rotary elements. The method comprises, for
each link portion, a gripping step during which, whenever said portion is situated around one of the rotary
elements, said link portion is unified with the corresponding rotary element. Gripping occurs by rolling a locking

element into a gripping position between said portion and a support rotationally integral with said rotary element.
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For each link portion, the method comprises a self-unlocking step by rolling back the locking element, enabling
said portion to leave one of the rotary elements and go toward the other.

The transmission mechanism can comprise more than two rotary elements. At least one of the
rotary elements drives and at least one of the rotary elements receives. The link portion, which, in the direction of
link movement, connects the last receiver element to the first motor element, is called a "stretched strand." The

link portion connecting the last motor element to the first receiver element is called a "relaxed strand."

BRIEF DESCRIPTION OF THE DRAWINGS:

The present invention will be better understood through an examination of the detailed description
of several embodiments used as non-limiting examples and illustrated by the attached drawings, in which:

- Fig. 1is a side view of an embodiment of the transmission mechanism as a whole,

- Fig. 2 is a perspective view of a pair of driving wheels,

- Figs. 3a, 3b, 3c, and 3d are, respectively, a longitudinal cutaway, a side view, a cross-sectional
view, and a detail view of an embodiment of the link,

- Fig. 4 is a top view of the driving shaft along arrow IV of Fig. 1,

- Figs. 5, 6, and 7 are, respectively, a cutaway, a side view, and a top view of a self-locking
means of a receiving shaft along, respectively, arrows V, VI, VII, indicated on Figs. 1, 5, 6, 7,

- Fig. 8a is a schematic illustrating the speeds of the support and the link around the receiving
shaft,

- Figs 8b and 8c illustrate, respectively, the automatic locking of the "relaxed strand" and the
automatic unlocking of the "stretched strand" around the receiving shaft,

- Figs. 9, 10. 11, and 12 are, respectively, a perspective view, a cutaway, a side view, and a top
view of a self-locking means of a driving shaft along arrows X, Xl, and Xll, indicated on Figs. 1, 8, 9, and 10,

- Fig. 13a is a schematic illustrating the speeds of the support and the link around the motor
shaft,

- Figs. 13b and 13c illustrate, respectively, the automatic unlocking of the "relaxed strand" and
the automatic locking of the "stretched strand" around the motor shaft,

- Figs. 14a and 14b illustrate, respectively, a longitudinal cutaway and a side view of a variant of
the link,

- Figs. 15a, 15b, 15¢ and 15d illustrate variants of self-locking means,

- Fig. 16 is an end view of a first embodiment of self-locking means for a second family of
embodiments of the invention,

- Fig. 17 is a top view along arrow XVII of Fig. 16,

- Fig. 18 illustrates the distribution of forces exerted by the link on the rotary elements,

- Fig. 19 illustrates the direction of the forces exerted by a link portion on the connecting element
when the self-locking means of Figs. 16 and 17 is in locking configuration (bold solid line) or in disengagement
configuration (bold dashed line),

- Fig. 20 is an end view of a second embodiment of self-locking means for the second family of
embodiments of the invention,

- Figs. 21 and 22 are, respectively, a top view along arrow XXl of Fig. 20 and a cutaway along
plane XXII-XXII of Fig. 20,

- Fig. 23 is an end view of a third embodiment of self-locking means for said second family, and

-Fig. 24 is a top view along arrow XXIV of Fig. 23.

DETAILED DESCRIPTION:
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Using Figs. 1 to 13, we shall describe a first family of embodiments, in which the ability of self-
locking means to self-unlock whenever said means leaves the active portion of the drive circle, exploits the fact
that, whenever a link portion passes from a circular portion to an appreciably rectilinear portion of its trajectory, it
is straightened. This straightening is accompanied primarily by a relative movement of said link portion with
respect to the immediately upstream portion. This small relative movement is employed to unlock the locking
element.

As illustrated in Fig. 1, transmission comprises a first driving rotary element, 1, and a second
receiving rotary element, 2, rotationally mobile around a first driving axis, 1a, and a second receiving axis, 2a,
respectively. Driving rotary element 1 comprises a pair of driving wheels, 3, and receiving rotary element 2
comprises a pair of receiving wheels, 4. The transmission also comprises a link, 5, surrounding driving wheels 3
and receiving wheels 4.

The pair of driving wheels 3 has a drive circle, 6, of link 5 and the pair of receiving wheels 4 also
have a drive circle, 7, of the same link 5. Link 5 has two appreciably circular portions surrounding an active
portion, 6a, of drive circle 6 and an active portion, 7a, of drive circle 7. Link 5 also has a "stretched strand," 9,
extending, in the direction of movement of link 5 upstream of driving wheels 3, as well as a "relaxed strand," 10,
extending downstream of driving wheels 3. Throughout the application, we refer to the "upstream side" of a point
on the trajectory along which link 5 moves, as the trajectory zone that face a point on the link before that same
link point arrives opposite said trajectory point. The downstream side is the trajectory zone that will face a link
point immediately afterward. The assembly of two strands 9, 10, appreciably rectilinear, and the two active
portions, 6a, 7a, of the drive circles together constitute a closed loop, 5a, along which link 5 extends.

Each of driving wheels 3 and receiving wheels 4 comprises a plurality of grooves, 11, that extend
radially from axes 1a, 2a, respectively. Each of grooves 11 of driving wheels 3 is equipped with a self-locking
means, 12, that grips link 5 whenever it is located, as a result of the rotation of driving rotary element 1, in the
active portion, 6a, of drive circle 6. Similarly, each of grooves 11 of receiving wheels 4 is equipped with self-
locking means, 13, which grip link 5 whenever said self-locking means 13 are located in active portion 7a as a
result of the rotation of receiving rotary element 2. Each link portion 5 thus passes successively to the stretched
strand 9, is then gripped by self-locking means 12 in active portion 6a, is then released from self-locking means
12 and enters relaxed strand 10, then drives receiving wheels 4 by means of the gripping of self-locking means
13.

As will be explained below, self-locking means 12, 13 of the illustrated embodiment are also self-
unlocking means 12, 13 because they successively automatically lock link portion 5 arriving on one of wheels 3,
4, then automatically unlock that same link portion whenever it leaves the wheel. In the remainder of the
description, the expressions "self-locking means" and "self-unlocking means" refer to the same means.

As illustrated in Fig. 2, the pair 3 of driving wheels consists of a wheel 3a and a wheel 3b each of
which has an appreciably conical surface, 14. The conical surfaces of the two wheels 3a and 3b are coaxial with
axis 1a of driving rotary element 1 and face one another. Grooves 11 of each of wheels 3a, 3b extend along
corresponding conical surface 14. In other words, grooves 11 serve as guides for self-locking means 12. Each
guide on the same wheel 3a, 3b makes an acute angle with respect to axis 1a, appreciably identical to said angle
of the other guides on that wheel.

Each of self-locking means 12 comprises a support 31, including a connecting portion, 15,
extending appreciably parallel to axis 1a and terminating at each of conical surfaces 14 of wheels 3a and 3b, in
such a way that a support surface, 16, of each of connecting portions 15 is appreciably tangent to a support

cylinder, 6b, coaxial with axis 1a and along which link 5 can rest.
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Each of supports 31 comprises, at each of its axial extremities, a means for maintaining and
returning 17 a locking element, 19. Means 17 comprises an appreciably articulated arm with respect to support
31, maintaining locking element 19 at the end of the arm, as well as a return spring, 18.

The pair of receiving wheels 4 is strictly identical to the pair of driving wheels 3a and 3b. Rotary
element 2 differs from rotary element 1 only in self-locking means 13, which is different from self-locking means
12 and which will be detailed below.

As illustrated in Figs. 3a to 3d, link 5 can appear in the form of a chain consisting of pitches 20 each
of which has an articulation pin, 21, as well as two pads 22a, 22b, fitted onto each extremity of articulation pins
21. Articulation pins 21 are connected by inextensible elements of articulation 23.

Pitches 20 are portions of the link 5, each of which has a longitudinal direction that extends
perpendicularly to articulation pins 21 and is sequent to the articulation pin of pitch 20 and to the articulation pin of
the immediately previous pitch. The chain extends along closed loop 5a. Whenever a given pitch 20 is in one of
strands 9, 10, the longitudinal direction of pitch 20 is indistinguishable from closed loop 5a at the location of pitch
20. When pitch 20 is situated on one of the active portions 6a, 7a, the longitudinal direction of pitch 20 is parallel
to and appreciably indistinguishable from the tangent to active portion 6a, 7a at the site of pitch 20. To simply
describe the two situations, we can say that link portion 5, represented by pitch 20, has a longitudinal direction
that is tangent to closed loop 5a.

As illustrated in Fig. 3b, each of the pads is presented in the form of a crescent moon and
comprises, on one side, a concave circular portion and, on the other, a convex circular portion of the same radius.
The radius of the two portions is chosen so that the concave portion of a pitch is appreciably contiguous with a
convex portion belonging to the pad of an immediately adjacent pitch 20. Thus, whenever articulation elements 23
pivot around articulation pin 21, the concave portions of the pads also pivot.

Each of pads 22a, 22b has a gripping surface 24a, 24b, opposite one another and appreciably
perpendicular to articulation pins 21 of pitches 20. Pads 22a and 22b also have support surfaces 25a and 25b
extending axially to the periphery of the convex circular portions of pads 22a, 22b.

Advantageously, pads 22a, 22b can have a chamfer, 41, illustrated in Fig. 3d, that makes contact
with conical surfaces 14. Thus, each pitch 20 of link 5 rests, either on conical surface 14 or on support surface 16
whenever conical surface 14 is interrupted by guide grooves 11. The guide between conical surface 14 and
chamfers 41 prevents the guide trajectory of link 5 from being polygonal. This avoids instantaneous variations in
the transmission ratio. Moreover, whenever link 5 makes contact with wheels 3 and 4, a residual driving force is
produced through friction. However, to transmit power, the system does not require tension on link 5 other than
that created by the torque on stretched strand 9. This residual driving force through bevels 41 remains very small
with respect to the driving force provided by the self-locking of gripping means 13.

As illustrated in Fig. 4, chain 5 is winding around drive circle 6a, having support surfaces 25a, 25b
of pitches 20, which rest upon support surface 16 of each of connecting portions 15. The diameter of drive circle
6a is equal to the diameter of support cylinder 6b, to which is added twice the radius of support surfaces 25a,
25b.

In general, we call neutral line 37 of link portion 5, the line of the portion that moves at an identical
longitudinal speed whether said portion of link 5 is found in active portions 6a or 7a of the drive circles or in
stretched or relaxed strands 9, 10. Whenever the link portion passes into active zone 6a, 7a, the distance of
neutral line 37 to the shaft axis is equal to the radius of the corresponding drive circle. In the case where link 5 is
a chain consisting of articulated pitches 20, neutral line 37 of a pitch corresponds to the position of articulation pin
21 of pitch 20.

Each of support surfaces 16 is appreciably parallel to driving axis 1a. Articulation pins 21 of each of

pitches 20 are also appreciably parallel to driving axis 1a. Each of first gripping sutfaces 24a of pitches 20 are all
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appreciably contained in the same first gripping plane 27a, appreciably perpendicular to axis 1a. Likewise, all the
gripping surfaces 24b of pitches 20 are appreciably contained in second gripping plane 27b that is also
appreciably perpendicular to axis 1a.

The two pads 22a, 22b and articulation pin 21 together from a rigid assembly. Thus, forces parallel
to articulated pins 21 exerted on opposing gripping surfaces 24a, 24b, do not affect the articulation between
pitches 20.

Driving wheel 3a is fixedly mounted on a driving shaft. However, driving wheel 3b is slidingly
mounted axially but always rotationally integral with the driving shaft by means of keys, not shown. It can be seen
that whenever wheel 3b is approached by wheel 3a through the actuation of axial drive device 28, the diameter of
support cylinder 6b of link 5 increases as well as the diameter of drive circle 6a of link 5.

Advantageously, each of driving wheels 3 and receiving wheels 4 is equipped with a control. These
two controls vary in the opposite direction so that the increase of drive circle 6a on driving wheels 3 is
compensated by a decrease in the diameter of drive circle 7a of receiving wheels 4, and conversely.

In a variant, the two driving wheels 3a and 3b can be axially free with respect to the driving shaft. In
this variant, the axial driving device causes the relative axial distance between the two wheels 3a, 3b to vary.

By means of Figs. 5 to 7, we will describe self-locking means 13 equipping receiving wheels 4. As
illustrated in Figs. 5 and 6, each of self-locking means 13 comprises support 31, including connecting portion 15
and, at each extremity, a means, 17, for maintaining and returning locking element 19. Locking element 19 is a
cylindrical roller freely mounted in rotation around axis 19a, appreciably radial with respect to axis 2a of receiving
rotary element 2. In a variant, locking element 19 can be a barrel. In all cases, the barycenter of the pressing
actions of locking element 19 on gripping planes 27a and 27b is situated at a gripping point, 29, that is radially
further distant from axis 2a than neutral line 37 of link 5.

As illustrated in Figs. 6 and 7, one of locking elements 19 is pushed back by one of maintaining and
returning means 17 in such a way as to be locked between gripping plane 27a of link 5 and locking surface 30a of
support 31 facing gripping plane 27a of link 5. The other locking element 19 is pushed back by the other
maintaining and returning means 17, in such a way that it is locked between gripping plane 27b and locking
surface 30b of support 31. The articulation of the two arms 17, with respect to support 31 is such that locking
elements 19 maintained by said arms 17 can slide or roll along locking surfaces 30a or 30b. Locking surfaces
30a, 30b are appreciably symmetrical with respect to a plane of symmetry 5b of link 5 which is also perpendicular
to axes 1a, 2a and they have a locking angle 36 with respect to the gripping planes. Support 31 provides relative
rigidity between the two locking surfaces 30a, 30b.

As illustrated in Fig. 8b, locking angle 36 of self-locking means 13 of the receiving wheels is
oriented in such a way that locking surfaces 30a and 30b get closer to gripping planes 27a, 27b of link 5 on the
downstream side of locking element 19 and separate on the upstream side. Maintaining and returning means 17
maintain locking elements 19 against gripping surfaces 24a and 24b and against locking surfaces 30a and 30b.
Thus, gripping surfaces 24a and 24b drive locking elements 19, which in turn drive locking surfaces 30a and 30b.
Thus, whenever link portion 5 leaves relaxed strand 10 and begins to wind around drive circle 7a, the movement
of link 5 drives receiving wheels 4.

More specifically, we consider gripping point 29 as the barycenter of contact pressure forces
between locking element 19 and gripping surface 24a of pitch 20 opposite. Let us call "support point" 48 the
barycenter of contact pressure forces between locking element 19 and corresponding locking surface 30a, and
"line of action" 48a the line passing through support point 48 and gripping point 29. Line of action 48a has an
angle y with the normal 48c¢ to gripping surface 24a and angle § with respect to the normal 48b to support surface
30a. Whenever locking element 19 is symmetrical in revolution, angles y and & are identical and equal to half of
locking angle 36. Additionally, jamming occurs when the materials present are such that tg(y) is less than the
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coefficient of static friction of locking element 19 on link 5 and tg(d) is less than the coefficient of static friction of
locking element 19 on locking surface 30a of the support.

The link portion that has just been locked continues its travel along active portion 7a. During this
travel, each locking element 19 remains jammed between locking surface 30a, 30b and facing gripping surface
24a, 24b. If W is the speed of angular rotation of receiving wheel 4 and R, the radius of drive circle 7 around
which neutral line 37 is wound, the speed of movement, V. of the link along its neutral line 37 is Vo= W.Rn. On the
other hand, because gripping point 29 is radially situated beyond neutral line 37 at radius Rg, the linear speed Vg4
of the assembly of surface 30a, locking element 19, and gripping surface 24a opposite, considered at gripping
point 29, is Vq = W.Rg. This is greater than the linear speed V. of the link.

Now consider a link portion 5 such as pitch 20, having traveled through angle ¢ in stretched strand 9, that
is to say, having just entered into stretched strand 9. Locking element 19 remains potentially mobile along a
locking direction in a plane (t; ¥) where f is tangent to the circle around which locking element 19 travels and yis
parallel to shafts 1, 2. To determine whether locking element 19 keeps locked or self-unlock automatically, we
compare the linear speeds of the point of locking surface 30a that was bound by element 19 and the point of
gripping surface 24a that was bound by the same element 19. Therefore, we consider the different actual speeds
in a centerline connected to suppott 31, primarily projecting them in the plane (£ 7). Thus, locking element 19
sees in plane(f ; %), on the one hand, a locking surface animated by a linear speed Vs = W.Rg and, on the other
hand, a gripping surface 24a that is slowed down and has a speed V. whose projection on plane (£;3)is V. =
W.Rn.cos ¢. In other words, whatever value ¢ has, the situation always obtains whereby V¢ < Vs. Referring to Fig.
8c, we see that the slowing of link 5 results in automatically unlocking self-locking means 13.

We will now describe, using Figs. 9 to 13, the operation of self-locking means 12 equipping the
driving wheels. As with self-locking means 13, we find a locking element 19 driven in locking direction 32 by
maintaining and returning means 17. Locking element 19 is jammed between a locking surface 33a, 33b situated
opposite the same gripping surfaces 24a, 24b of link 5.

Locking element 19 presses on the gripping surface opposite 24a, 24b at gripping point 34.

In the embodiment illustrated, self-locking means 12 have two differences with respect to self-
locking means 13. On the one hand, return arm 17 is appreciably articulated around axis of rotation 35 inclined in
such a way that locking direction 32 has a supplementary angle 3 with respect to the plane perpendicular to the
radius and passing through gripping point 34. On the other hand, gripping point 34 is positioned in such a way
that it is at a distance Ry from axis 1a, which is less than the distance separating neutral line 37 from link 5 of axis
1a.

As illustrated in Fig. 13c, locking surfaces 33a, 33b are situated so that they approach gripping
plane 27a, 27b, upstream of locking element 19. Maintaining and returning means 17 brings locking element 19
into contact with locking surface 33a, 33b and with gripping surfaces 24a, 24b opposite. When a driving torque is
exerted on driving wheel 3, locking surface 33a, 33b pushes locking element 19, which rolls along gripping plane
27a, 27b of link 5 until it augments the jamming and brings about the relative immobilization of link 5 with respect
to support 31.

Throughout the entire travel along active portion 6a of drive circle 6, locking surfaces 33a, 33b,
locking element 19, and the portions facing gripping surfaces 24a, 24b remain immobile with respect to one
another and are propelled with a tangential speed V4 = W.Rq.

Now consider a link portion having traveled through angle ¢ in relaxed strand 10, that is to say,
having just entered into relaxed strand 10. The relative speeds seen by locking element 19 are to be considered
at reference position (i; y)determined by axis of rotation 35. Locking surface 33a, 33b is operated at a speed

whose intensity is Vs = W.Rq and which is inclined to the plane of the direction of locking (u; ¥)of said constant
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angle B. Gripping point 34 of link 5 has a speed of intensity V. = W.Rp, which is parallel to the relaxed strand 10,
that is to say, has an angle B-¢ with respect to plane (i;¥). Referring to Fig. 13b, we see that the unlocking
condition of self-locking means 19 is in the centerline (i;¥%): Vs < Vc. In other words, the automatic unlocking

condition is written, when projected onto the reference position, (i; y):
W.Rg.cos < W.Rh.cos(B - ¢).

Advantageously, angle B is chosen to be greater than or, ideally, equal to half of 8m, which is the
angle from which relaxed strand 10 is no longer facing locking surfaces 33a, 33b. Thus, for every ¢ comprised
between 0 and 8m: ¢ < 2.3, therefore cos(f}) < cos(p-¢). However, given the radial position of gripping point 34, Ry
< Rn, and therefore the automatic unlocking condition is realized for every ¢ comprised between 0 and 6m.

The above embodiment can be combined with numerous variants.

Link 5 can be a chain, illustrated in Fig. 14, with pitches 40 whose gripping surfaces belong to a
rigid element distinct from the articulation pin.

The gripping surfaces have a straight portion. Such a shape has a usable surface for gripping that
is relatively larger than the variant illustrated in Figs. 3a to 3d.

In another variant, link 5 can be an unarticulated belt. Advantageously, the belt can contain an
inextensible core as well as a series of metallic inserts extending transversely to the belt in such a way that it is
capable of absorbing very high pinching forces without affecting the flexibility of the belt when flexed.

Locking element 19 of self-locking means 12 can have a shape identical to or different from that of
the locking element of self-locking means 13. The locking elements of the same self-locking means can be
identical or different and can vary among self-locking means guided by different guides.

In a variant, the locking elements can be balls 44 (Fig. 15b) or barrels. Alternatively or in
combination, locking elements can cooperate with gripping surfaces over a more extensive surface so as to
reduce the Hertz pressure. This is the case with cams 42, 45 and 46 of Figs. 15a, 15¢c and 15d.

Moreover, the locking element does not have to be movable at the end of guide arm 17. This is the
case with cam 46, illustrated in Fig. 15d.

As shown in Fig. 15a, unification means comprises a support equipped with locking element 42 and
locking element 43. Locking element 42 can be a subassembly comprising a support pad on the side of link 5 and
rolling elements 42d on the support side. The locking surface is inclined at an angle y. The absence of static
friction on the locking surface means that the force exerted by each rolling element 42d is perpendicular to the
locking surface. These appreciably have the same intensity. Thus, barycenter 42b of the forces is appreciably at
the center of the rolling elements. Likewise, barycenter 42a of the forces of the support pad on link 5 is also
appreciably at the center. Jamming takes place once line of action 42¢ presents an angle y whose tangent is less
than the coefficient of friction of the support pad with the tangential gripping surface of link 5. Locking element 42
is self-unlocking once the link moves relative to the support to the right of Fig. 15a.

In an alternative, the rolling elements can be replaced by a layer of material of low coefficient of
friction, such as Teflon(R) or a film of oil.

Locking element 43 rubs against link 5 and the support. The line of action 43c is appreciably
inclined at the same angle y to the normal to link 5. The locking surface is inclined at an angle y + 8. Jamming
occurs whenever tg(y) and tg(8) are simultaneously less than the coefficients of friction of locking element 43 with
the corresponding support surfaces. Locking element 43 considered in isolation is not self-unlocking. However,
the fact that locking element 42 is self-unlocking, is sufficient for the unification means illustrated in Fig. 15a to be
self-unlocking whenever the support reaches the end of the active portion of a drive circle.

Fig. 15c illustrates an embodiment wherein the supports are equipped with a single locking

element, the counter-reaction of the locking force being provided by freely rotating wheel 47. In another
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embodiment, which is not shown, the counter-reaction of the locking effort is provided by a shoulder of support 31
itself, which is parallel to link 5. These variants can be combined with all the other embodiments.

In all the embodiments illustrated in Figs. 15a to 15d, jamming of the locking element, respectively
42, 44, 45, 46, occurs because the corresponding line of action 42c¢, 44a, 45a, 46a is inclined at an angle y whose
tangent is less than the coefficient of friction of the locking element on link 5. This condition is necessary, it may
not be sufficient.

In a variant, the locking element can be integral, even one-piece with the support or the link. The
locking element is then elastically deformable with respect to the remainder of the part with which it is integral.

In another variant, the mechanism can be bidirectional, each wheel being capable of serving
alternately as driver or receiver in this case; each of the wheels can be equipped with a plurality of self-locking
means 12 of the driver type and a plurality of self-locking means 13 of the receiver type. However, only one of the
two pluralities is active on the same wheel. Arm 17 can be equipped with disengaging means enabling the locking
element to be separated from link 5 so as to deactivate the corresponding self-locking means.

In another variant, the variation of the diameter of drive circles 6 and/or 7 can be obtained without a
conical surface and/or without the inclination of the guides to the axes.

In a variant, the mechanism can comprise a single shaft equipped with self-locking means of the
driver type and/or of the receiver type. The other shaft can be equipped with conventional gripping means, such
as a sprocket. In the case where the drive diameter of self-locking means is variable, it can be beneficial to add a
wheel to stretch the flexible strand.

The mechanism offers humerous industrial applications that make use of rotational movement. For
example, it can be used to reduce the energy consumption of a vehicle or to improve the production of energy in a
generator.

Using Figs. 16 to 24, we will describe a second family of embodiments of the invention, which differ
from the embodiments described above in their self-locking means. The ability of these self-locking means to self-
unlock makes use of a phenomenon that differs from the one illustrated in Figs. 5 to 13. In the previously
described embodiments, the link portions wind around conical surfaces 14 or on support surface 16 of support 31
in such a way that the radial force exerted by the link portion grasped by a self-locking means is directly
transmitted by support 31 and not by locking element 19, 42, 43, 44, 45, 46.

In the family of embodiments described below, the radial force exerted by the link portion as a result
of the transmission of a torque is transmitted to the locking element then to the support before reaching the
driving or receiving wheels. The ability of the self-locking means to self-lock and to self-unlock makes use of the
appearance and disappearance of a radial force component exerted by the link portion, depending on whether it
is located in the wound portion or in the rectilinear portion of the link trajectory. However, this second family of
embodiments of the invention, preserves the fact that the pinching force of the link portion occurs through the
jamming of a locking element.

In a manner similar to the embodiments previously described, the following embodiments comprise
a first and second rotary element 1, 2 mobile around their respective axes 1a, 2a. Rotary elements 1, 2 are each
composed of a pair of conical wheels, such as wheels 3a, 3b. Each of the embodiments of this second family
comprises a support 50 in the general shape of a U, having two uprights 50a, 50b corresponding to the sides of
the U-shape, and an axial part 50¢ of support 50, corresponding to the bottom of the U and appreciably parallel to
axes 1a, 2a. Each of uprights 50a, 50b slides appreciably radially in radial groove 11 of the corresponding wheel
of rotary element 1, 2. Support 50, integral in rotation with the corresponding rotary element, is situated on circle
6, 7 as long as the mechanism does not change the transmission ratio.

Each self-locking means receives a portion 20 of link 5 and defines a tangent plane 51, which is

parallel to axes 1a, 2a and tangent to closed loop 5a at the center of the forces exerted by the self-locking means
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on portion 20 of the link. We define an axial direction "X" as being the direction parallel to axes 1a, 2a, a
longitudinal direction "y" as the direction tangent to closed loop 5a at the center of the forces exerted on link
portion 20, and a radial direction "z" as the direction perpendicular to tangent plane 51.

The self-locking means that will be described are appreciably symmetrical to plane 5b of symmetry
of link 5 and only one half of these self-locking means will be described. However, this symmetry is not obligatory
and variants can combine the halves of different self-locking means of this same second family of solutions. We
can also combine a self-locking means half corresponding to an embodiment of this second family with another
self-locking means half illustrated in Figs. 1 to 13 or in any of the variants illustrated in Figs. 14a, 14b, 15a, 15b,
15c¢, and 15d.

As shown in Figs. 16, 17, the first embodiment of this second family comprises self-locking means
52 comprising suppotrt 50, a pair of gripping wedges 53, and a series of principal rollers 54, whose axes are
parallel to direction z. Principal rollers 54 are positioned between a first surface 55, belonging to upright 50a, and
a second surface 56, belonging to gripping wedges 53. Each gripping wedge 53 has a third surface 57 that rests
on gripping plane 58 of link portion 20.

Self-locking means 52 can comprise, as illustrated, auxiliary rollers 59, positioned between a fourth
surface 60, of gripping wedge 53 and a fifth surface 61, of the axial part, 50c, of support 50. In a variant of self-
locking means 52, fourth surface 60 and/or fifth surface 61 are covered with a layer with a low coefficient of
friction and rest upon one another.

Third surface 57 is advantageously planar and parallel to gripping plane 58, and presents a normal
included in a plane (x, z), and is inclined to the axial direction x of an angle &, visible in Fig. 16.

As shown in Fig. 17, first surface 55 and second surface 56 are advantageously plane and parallel
and have a normal included in tangent plane 51, and are inclined to the axial direction x of a jamming angle v.

Self-locking means 52 also comprises a movable stop 62, consisting of body 62a movably mounted
in translation, appreciably parallel to tangent plane 51 in guide 62b affixed to support 50 and of a pretensioned
spring 62c. Spring 62¢ is mounted in such a way as to push stop 62d of body 62a against guide 62b and thereby
define a rest position of movable stop 62. Body 62a is, however, movable toward a withdrawn position on the side
where first surface 55 separates from plane 5b of symmetry. Self-locking means 52 also comprises a return
spring 63, compressed between gripping wedge 53 and a stop 63a, affixed to support 50.

Fig. 18 represents the forces exerted by link 5 on each of rotating elements 1, 2. Rotary driving
element 1 turns in the direction indicated by the arrow. Strand 9 is stretched and link portions 20, meshed with
rotary driving element 1, exert a force resisting to the rotation of rotary element 1. Each of link portions 20 are
placed in longitudinal tension with the part of the portions immediately upstream and downstream of said portion.
This longitudinal tension decreases progressively from the link portions located near a point 9a, at the start of
winding to a point 10a, at the end of winding, finally achieving a residual tension in relaxed strand 10. Conversely,
the tension exerted by link 5 on link portion 20 on rotary receiving element 2 increases progressively from the
portions situated near a point 10b, at the start of winding up to a point 9b, at the end of winding.

Each link portion 20 situated in one of the active portions 6a, 7a of drive circles 6, 7 exerts a radial
force that is proportional to the longitudinal tension to which link portion 20 is subject. This radial force appears
whenever portion 20 reaches point 9a, 10b at the start of winding and disappears at point 10a, 9b at the end of
winding.

We will now describe the operation of self-locking means 52. When support 50 is in a hon-active
portion of circle 6, this support experiences no force from link 5, and gripping wedge 53 is pushed by return spring
63 into a hominal position against movable stop 62. When support 50 approaches point 9a, 10b at the start of
winding, this support 50 is approached radially by a link portion. Angle € of gripping plane 58 is oriented in such a
way as to repel gripping wedge 53 toward the exterior. Gripping wedge 53 remains in position as long as
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pretensioned spring 62 is able to resist this force. Thus, the pressure increases between third surface 57 and
gripping plane 58. Because of the residual elasticity of support 50 and the low stiffness of return spring 63, the
friction between third surface 57 and gripping plane 58 is accompanied by a slight pull of the gripping wedge 53
along longitudinal direction "y" in the direction in which second surface 55 approaches plane of symmetry 5b. The
phenomenon of jamming is then produced. The pressure increases until the reaction of gripping wedge 53
compensates for a part of the longitudinal tension in link 5 at this location. In effect, the tension on stretched
strand 9 is distributed among the various supports 50 that are in active portion 6a of drive circle 6. Thus, all the
supports of active portion 6a globally receive the difference in tension between the tension on stretched strand 9
and the residual tension on relaxed strand 10.

The mechanical connection between support 50 and link portion 20 is supplied by the stacking of
gripping wedge 53 and principal rollers 54, which constitute connecting solids 53, 54. The assembly of connecting
solids 53, 54 constitutes connecting element 64. Third surface 57 and gripping plane 58 are mutual support
surfaces 57, 58 of connecting element 64 on link portion 20. First surface 55 is a mutual support surface 55 of
connecting element 64 on support 50 and second surface 56 is a mutual support surface between connecting
solids 53, 54.

In self-locking means 52, connecting element 64 is also a locking element, 64, that is jammed
between first surface 55 and gripping plane 58. In other words, first surface 55 and gripping plane 58 each
constitute mutual locking support surfaces 55, 58.

Using Fig. 19, we will describe the equilibrium condition of each self-locking means 52 in locking
configuration. A connecting force F exerted by link portion 20 on connecting element 64 is shown by the bold line.
If "O" is the center of application of force F between third surface 57 and gripping plane 58, and "a" is a point on
the axis parallel to the axis passing through "O," the points of intersection of the different directions passing
through "O" are shown by the intersection of this direction with the plane (a, y, z). The normal to gripping plane 58
is shown by point "b" on axis (a, z). The friction cone characterizing the static equilibrium between mutual support
surfaces 57, 58 is shown in bold chain-dotted lines. A point "¢" such that the tangent to the angle (b, 0, ¢) is equal
to the coefficient of friction u on mutual support surfaces 57, 58. A point "d" on axis (a, y) such that angle (a, 0, ¢)
is the angle of inclination y of first surface 55. The direction shown in bold dotted lines passing through point "d" is
a reference direction, R, that corresponds to the connecting force that would be transmitted to support 50 if there
had been no radial component to the force F actually exerted. This corresponds to the force that would be exerted
by a link portion subject to the same longitudinal tension, the link being rectilinear and tangent to drive circle 6,
whereas only first surface 55 resists this force.

The actually exerted force, F, is then illustrated by point "e" at the vertical of point "d."

The equilibrium condition of link portion 20 on support 50 in locking configuration is such that the
actually exerted force F (point e) is in the cone of friction.

As shown in Fig. 18, when self-locking means 52 traverses active portion 6a of the driving wheel,
the radial component appears at point 9a, gradually diminishes, and is canceled at point 10a. In traversing active
portion 7a of the receiving wheel, the radial component appears at point 10b, increases gradually, and falls
suddenly at point 9b.

The condition for unlocking the link when link portion 20 leaves active portion 6a, 7a is that point "d"
is outside the cone of friction.

In other words, whenever the radial component due to the winding of the link decreases, surfaces
57 and 58 slide over one another and constitute disengagement surfaces 57, 58.

In self-locking means 52, surfaces 57, 58 are also actuating surfaces 57, 58, for it is through them

that the radial force that link portion 20 exerts on the corresponding rotary element is transmitted.
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It can be seen that if the tangent of the angle of inclination ¢ of gripping plane 58 is greater than the
coefficient of friction, "u," the automatic disengagement condition is then fulfilled. However, disengagement can
occur even if tan(e) < p. At this point, reference direction R remains outside the cone of friction.

We will now describe the way in which movable stop 62 can be used to change the transmission
ratio while torque is being transmitted. Consider two successive self-locking means 50 in active position 6a, 7a
while the diameter of corresponding drive circle 6, 7 changes. If this diameter increases, the upstream self-locking
means blocks the link and pulls the link portion meshed with the downstream self-locking means toward it. Stop
62 of this downstream self-locking means withdraws and releases the locking. This enables the link to slide
longitudinally in the downstream self-locking means in such a way that it adapts to the increase in the diameter of
the drive circle. The upstream self-locking means continues to transmit torque to the rotary element during this
adaptation.

Conversely, if the diameter of the drive circle decreases, the axial tension is completely absorbed
by the upstream self-locking means and the decrease in diameter causes the tension experienced in the
downstream self-locking means to fall. This also causes the radial force exerted by the link portion supported by
the downstream self-locking means to fall. This drop in tension and radial force brings about the disengagement
of downstream self-locking means 52 until the length of the link between the two successive supports decreases
to a desired value. During the decrease in diameter, only the self-locking means furthest upstream resists the
tension and transmits the torque to the rotating element. Once the desired diameter of the drive circle has been
achieved, the gripping of newly arrived link portions in the active portion takes over. The tension assumed by
each of the self-locking means is gradually equilibrated.

A variant not shown of self-locking means 52 comprises a support 50 having a first surface whose
normal is inclined to aforementioned plane (x, z) of angle y and to aforementioned plane (x, y) of angle ¢. There is
no further need of auxiliary rollers 59.

Using Figs. 20 to 22, we will describe self-locking means 70 for the second family of embodiments
of the invention. Self-locking means 70 comprises longitudinal carriage 71, gripping wedge 72 on board
longitudinal carriage 71, and principal rollers 73 positioned between sliding surface 74 of longitudinal chariot 71
and a mutual locking support surface 75 belonging to support 50. Mutual locking support surface 75 has a normal
included in the plane (x, y) and is inclined to the "x" axis of jamming angle y. This mutual locking support surface
75 plays the same role as the first surface of self-locking means 52.

Gripping wedge 72 is mutually supported on longitudinal carriage 71 by disengagement surface 76,
whose normal is included in the plane (x, z) and inclined to the longitudinal "x" axis of an angle €. Link portion 20
comprises gripping plane 77, perpendicular to axis 1a, and actuating surface 78, appreciably parallel to tangent
plane 51. Gripping plane 77 receives only the pinching force parallel to the tangent plane along reference
direction R, illustrated in Fig. 19.

Additionally, longitudinal carriage 71 has a radial support surface, 79, with portion 50c of support
50. The radial component exerted by link portion 20 on rotary element 1, 2 is transmitted to support 50 via
actuating surface 78, disengagement surface 76, and mutual radial support surface 79.

Principal rollers 73, longitudinal carriage 71, and gripping wedge 72 are connecting solids in static
equilibrium with one another in the locking configuration and together constitute connecting element 80, which
connecting element 80 connects link portion 20 to support 50. This connecting element 80 is also a locking
element, 80, which is jammed between mutual locking support surface 75 and gripping plane 77. Disengagement
surfaces 76 are a mutual support interface inside connecting and locking element 80.

Advantageously, gripping wedge 72 is returned to a rest position by returning springs 81. Thus,

gripping wedge 72 at rest keeps an axial clearance with respect to the approach trajectory of link portion 20.
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Self-locking means 70 is equipped with movable stop 62 and return spring 63, playing the same
role as in self-locking means 52.

By means of Figs. 23 and 24, we will describe self-locking means 90, which comprises a radial
carriage, 91, and gripping wedge 92, on board radial carriage 90. Principal rollers 93 are placed between gripping
wedge 92 and mutual locking support surface 94, which belongs to radial carriage 91. Mutual locking support
surface 94 has a normal included in the plane (x, y) and is inclined to the longitudinal "x" axis of jamming angle y.
Radial carriage 91 and support 50 mutually support one another via mutual support surface 95, which is also
disengagement surface 95, which is inclined at an angle ¢ to longitudinal axis "x." Self-locking means 90
comprises connecting element 96, consisting of connecting solids; these are radial carriage 91, gripping wedge
92, and principal rollers 93. Self-locking means 90 also comprises locking element 97, which differs from
connecting element 96 and consists of only a part of connecting solids 91, 92, 93, which are gripping wedge 92
and principal rollers 93. Locking element 97 is designed to be jammed against mutual locking support surface 94
and gripping plane 98 of link portion 20.

The operation of self-locking means 70 and 90 is similar to that of self-locking means 52. The only
change is the placement of the disengagement surface, which can be located on any interface between two
connecting solids stacked to constitute the connecting element.

In a variant, not shown, the connecting solids can be connected permanently by a bridge of
material to another connecting solid or to the support or to the link. This bridge of material constitutes the
corresponding mutual support surface in the sense that it is rigid in the direction of the connecting force and can
be deformable in a transverse direction. Thus, a variant analogous to Fig. 15d can comprise cam 46 articulated
with respect to the support by means of a bridge of material. This variant can be part of the second family of
embodiments of the invention by having, for example, an axis of flexibility of cam 46 parallel to the gripping plane
and inclined at an angle ¢ to the longitudinal direction. The curved surface of the cam and the gripping plane
thereby constitute disengagement surfaces while remaining a mutual locking support surface.

In a variant, the action of the connecting element between an upright of the support and the link
portion, as well as the counter-reaction of the upright opposite the support on the same link portion can be

supported by a more complex mechanism than a one-piece U support.
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MEKANISME TIL OVERFORING AF ROTATIONSKRAFT

PATENTKRAV

1. Mekanisme til overfgring af rotationskraft, hvilken mekanisme omfatter:

- en forbindelse (5), der straekker sig langs en lukket slgjfe (5a) og bestar af en reekke dele (20,
40), der hver har en laengderetning i tangentens retning pa den lukkede slgjfe (5a);

- et forste og andet roterende element (1, 2), der kan rotere henholdsvis omkring en forste og
anden akse (1a, 2a);

- forbindelsesstyringsmidler, der er designet til at styre forbindelsen langs en forste drivcirkel (6),
der er koaksial med den forste akse (1a), og langs en anden drivcirkel (7), der er koaksial med den anden akse
(2a), hvor den lukkede slgjfe (5a) omfatter en aktiv del (6a, 7a) af hver af drivcirklerne; og

- midler til midlertidigt at forene hver forbindelsesdel (20, 40) successivti med hvert af de
roterende elementer (1, 2), nar forbindelsesdelen passerer ind i den tilsvarende aktive del;

de midlertidige foreningsmidler omfatter en flerhed af selvldsende midler (12, 13, 52, 70, 90), der er
fordelt mindst langs den aktive del (6a) af den farste drivcirkel (6), hvor det selvldsende middel omfatter mindst et
laseelement (19, 42, 43, 44, 45, 46, 64, 80, 97), der samtidigt hviler pa dels en farste baereoverflade (33a, 55, 75,
94), der horer til det forste roterende element, og dels pa en anden baereoverflade (24a, 58, 77, 98), der hgrer til
en del (20) af forbindelsen (5), der vender ind mod laseelementet, kendetegnet ved, at den forste og anden
baereoverflader er indrettet p4 en sddan méade, at mindst ét laseelement (19, 42, 43, 44, 45, 46, 64, 80, 97) af den
aktive del (6a) af den farste drivcirkel (6) er blokeret mellem den fgrste og anden beaereoverflade og er i stand til at
selv at &bnes, nér det tilsvarende selvidsende middel forlader den aktive del (6a), og hvor mindst én af den forste
eller anden baereoverflade er en tangentiel gribeoverflade (24a), der er parallel med lsengderetningen af
forbindelsesdelen, mod hvilken laseelementet hviler.

2. Mekanisme ifalge krav 1 af typen af mekanismer med kontinuerlig variable overfarings-
(CVT) forhold, hvor forbindelsens styringsmidler er designet saledes, at diameteren af mindst den farste drivcirkel
(6) er kontinuerligt variabel.

3. Mekanisme ifglge et af de foregaende krav, hvor laseelementerne (19, 42, 44, 45, 46, 64, 80,
97) er i stand til at rulle pa den farste og/eller anden tilsvarende baereoverflader.

4. Mekanisme ifolge et af de foregdende krav, hvor mekanismens laseelementer er udvalgt
blandt en gruppe, der omfatter: kugler (44), ruller (19), tonder, underenheder (42, 64, 80, 97) udstyret med en
baerepude pa én side og rullende elementer (42d) pa en modstdende side, kamme (46) leddelt ved én ende og
med en buet og gnhidende baereoverflade ved den anden ende, aflange kamme (45) med to buede og gnidende
baereender.

5. Mekanisme ifglge et af de foregdende krav, hvor flerheden af selvlasende midler er fordelt
langs den farste drivcirkel (6) eller langs de to drivcirkler (6, 7).

6. Mekanisme ifglge krav 5, hvor forbindelsen har et farste gribeplan (27a, 77, 98) vinkelret pa
den forste og anden akse (1a, 2a), hvor hver forbindelsesdel (20, 40) omfatter mindst ét stift element, hvor hvert

af de stive elementer omfatter en farste gribeoverflade (24a), der straekker sig ind i det forste gribeplan (27a, 77,
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98).

7. Mekanisme ifglge et af kravene 5 og 6, hvor det forste roterende element - eller hvert af de
to roterende elementer (1, 2) — er udstyret med en flerhed af baerere (31, 50), der er radialt bevaegelige langs det
tilsvarende roterende element, hvor hvert af de selvlasende midler af det tilsvarende roterende element omfatter
mindst ét stift ldseelement, der er integreret i beereren, og et returmiddel, der er designet til at bringe
laseelementet ind i en laseposition.

8. Mekanisme ifglge krav 6 og 7 taget sammen, hvor hver af baererne (31, 50) omfatter den
forste baereoverflade (30a, 33b, 55, 75, 94) af laseelementet, der er integreret i baereren, hvor det samme
laseelement (19, 42, 43, 44, 45, 46, 64, 80, 97) i lasepositionen trykker mod den anden beereoverflade (24a, 58,
77, 98) i et omrade med dets centrum ved et punkt, der er kendt som gribepunktet (29, 34, 0).

9. Mekanisme ifolge krav 8, hvor den forste baereoverflade er en i alt vaesentligt plan
lasende overflade med en lasevinkel (36, y) i forhold til det forste gribeplan (27a).

10. Mekanisme ifglge krav 9, hvor den vinkelrette til den lasende overflade (33a, 33b) har en
supplerende vinkel (B) i forhold til et plan vinkelret pa en radius, der passerer gennem gribepunktet (34).

11. Mekanisme ifalge et af de foregdende krav, hvilken mekanisme omfatter en flerhed af
beerere (50), der er rotationsmaessigt integreret i det forste roterende element (1) og placeret langs den forste
drivcirkel (6), hvor hvert selvldsende middel (52, 70, 90) har et tangentplan (51) defineret som vaerende parallelt
med den forste akse og tangent for den lukkede slgjfe (5a) ved stedet for det selvlasende middel og omfatter
mindst ét forbindelseselement (64, 80, 96) bestdende af en forbindelsen fast legeme eller adskillige forbindende

faste legemer (53-54; 71-72-73; 91-92-93), der hviler, to-og-to, pa en gensidig baereoverflade (56 ; 74, 76),

hvor, nar det selvlasende middel (52, 70, 90) er i en l&sende konfiguration, forbindelseselementet
(64, 80, 96) hviler pa én af baererne (50) via en gensidig baereoverflade (55, 75, 95) og pa en del (20) af
forbindelse via en anden gensidig baereoverflade (57-58, 77, 98),

hvor mindst én af de gensidige baereoverflader er en frigorelsesoverflade (57-58; 76, 95), hvis
vinkelrette preesenterer, i forhold til tangentplanet, en vinkel (¢), der er starre end eller lig med en frigarelsesvinkel,

og hvor hvert forbindelseselement (64, 80, 96) omfatter laseelementet (64, 80, 97) bestdende af
samtlige eller en del af de forbindende faste legemer, hvor laseelementet i dets I1&sende konfiguration er blokeret
mellem to gensidige lasende baereoverflader (55-58; 75-77; 94-98), der er placeret pa begge sider af
laseelementet.

12. Mekanisme ifglge krav 11 hvor de gensidige baereoverflader sammen definerer en
referenceretning (R), der er retningen for en kraft, som ville blive overfart til baereren (50), hvis forbindelsesdelen
(20) udavede mod forbindelseselementet (64, 80, 96) en kraft uden radial komponent, og hvor frigarelsesvinklen
er defineret som vaerende den mindste haldningsvinkel (g) for den vinkelrette pa frigorelsesoverfladen i forhold til
tangentplanet (51), en haeldningsvinkel for hvilken referenceretning er uden for friktionskeglen péa
frigorelsesoverfladen (57-58, 76, 95).

13. Mekanisme ifolge et af kravene 11 eller 12, hvor frigorelsesvinklen er defineret som med en
tangent, der er lig med friktionskoefficienten () pa frigerelsesoverfladen (57-58, 76, 95).

14. Mekanisme ifelge et af kravene 11 til 13, hvor baereren (50) har en generel U-form, der
modtager den tilsvarende forbindelsesdel (20), der ankommer i den aktive del (6a, 7a), og hvor forbindelsesdelen

fastklemmes mellem en kraft (F) udgvet af forbindelseselementet af det selvlasende middel mellem en forgrening
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(50a) af U’et og forbindelsesdelen (20) og en modreaktion med en modstéende aksial komponent udgvet mellem
den anden forgrening (50b) af U’et og den samme forbindelsesdel (20).

15. Mekanisme ifglge et af kravene 11 til 14, hvor forbindelsesdelen (20) omfatter an
aktiveringsoverflade (57, 78), gennem hvilken forbindelsesdelen (20) udgver, nar den naermer sig den tilsvarende
baerer (50), en aktiveringskraft med en radial komponent, hvilken aktiveringskraft derefter overfares til baereren
via forbindelseselementet (64, 80, 96), og hvor vinklen (g) for frigarelsesoverfladen (57-58, 76, 95) er mindre end
en forhandsbestemt maksimal vinkel, saledes at fremkomsten af aktiveringskraften giver den kraft (F), der udeves
af forbindelseselementet (64, 80, 96) mellem baereren (50) og forbindelsesdelen (20), en retning inkluderet i

frigarelsesoverfladens friktionskegle.

16. Mekanisme ifglge et af kravene 11 til 15, hvor mindst én af de gensidige lasende
beereoverflader (55, 75, 94), der ikke er en frigorelsesoverflade, har den vinkelrette parallel med tangentplanet
(51), og hvor forbindelseselementet (64, 80, 96) er integreret i baereren (50).

17. Mekanisme ifglge krav 16, hvor den gensidige lasende besereoverflade (55, 75), hvis
vinkelrette er parallel med tangentplanet, horer til baereren (50), og hvor forbindelseselementet (64, 80) ikke kan
skelnes fra laseelementet og omfatter en gribekile (53, 72), der samarbejder med et gribeplan (58, 77) af
forbindelsen, der ligeledes er frigarelsesoverfladen (57-58; 76).

18. Mekanisme ifalge krav 16, hvor forbindelseselementet (80) ikke kan skelnes fra
laseelementet og omfatter en langsgéende vogn (71), der kan beveeges parallelt med tangentplanet (51), hvor
forbindelses- og laseelementet (80) ligeledes omfatter en gribekile (72), der er placeret pa den langsgaende vogn
(71) og glider radialt p4 den langsgéende vogn langs frigarelsesoverfladen (76).

19. Mekanisme ifglge krav 18, hvor forbindelses- og laseelementet (80) ligeledes omfatter
en reekke parallelle ruller (73) placeret mellem en glideoverflade (74) af den langsgéende vogn (71) og den
gensidige l&asende baereoverflade (75), der harer til beereren (50).

20. Mekanisme ifalge krav 1, hvor laseelementerne (19, 42, 44, 45, 46, 64, 80, 97) er stive.

21. Fremgangsméde til overfaring af rotationskraft mellem to roterende elementer (1, 2)

ved anvendelse af en forbindelse (5) i en lukket slgjfe, hvilken fremgangsméde omfatter trinnene:

- forbindelse, hvor hver forbindelsesdel (5) cirkulerer fra ét roterende element til et andet,
- selvlasning af forbindelsesdele, nér disse er omkring ét af de roterende elementer, og

- selvabning af forbindelsesdele, nér disse cirkulerer fra ét roterende element til et andet,
kendetegnet ved, at selvldsningen sker ved blokering af et laseelement (19, 42, 43, 44, 45, 46, 64,
80, 97) mellem det roterende element og delen, hvor overfaringen af mekaniske kraft sker via friktion mod en

overflade, der er parallel med tangenten til den tilsvarende portion af den lukkede slgjfe (5a).
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