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(54) Title: PEDAL FOR A PEDAL VEHICLE

(57) Abstract: Pedal (1) for a pedal vehicle, the pedal comprising a

bottom part (10), a pedal axle (11) bearing-mounted in the bottom part,
and a slidable top part (20) coupled to the bottom part and configured
to slide relative to the bottom part, wherein the pedal axle is configured
to be mounted on a crank arm (30) of a pedalling device (40) of the
pedal vehicle; and the slidable top part is coupled to the pedal axle in a
manner such that the slidable top part is displaced relative to the bottom
part in controlled manner in dependence of an angular position a of
the crank arm of the pedalling device during a pedalling cycle of the
pedalling device.
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Pedal for 3 pedal vehicle

Field of the invention

The present invention relates to a pedal for a pedal vehicle. The present invention further relates to

a pedalling device for a pedal vehicle and to a pedal vehicle.

Pedals for pedal vehicles, such as pedals for a cycle, are typically mounted on a crank arm of a
pedalling device. Known pedals are driven by muscle power of a user, for instance a cyclist, so that
the crank arm rotates and the pedals describe a fixed circular movement around the pedalling axis

of the pedalling device, whereby one or more wheels of the pedal vehicle are driven.

Sununary of the invention

Embodiments of the invention have the object of providing a pedal for a pedal vehicle which
fransmits the force exerted on the pedal by a user to the pedalling device in more efficient manner

compared to known pedals for pedal vehicles.

A first aspect of the invention relates to a pedal for a pedal vehicle. The pedal comprises a bottom
part, a pedal axle bearing~-mounted n the bottom part, and 2 slidable top part coupled to the bottom
pari and configured to slide relative to the bottom part. The pedal axle is configured to be mounted
on a crank arm of a pedalling device of the pedal vehicle. The slidable top part is coupled to the
pedal axle in a manner such that the slidable top part is displaced relative to the bottom part in
coniroiled manner in dependence to an angular position a of the crank arm of the pedalling device

during a pedalling cycle of the pedalling device.

Because the shidable top part is shid relative to the botiom pant in controlied manner, the pedal can
describe 3 movement around the pedalling axis during a pedalling cycle, which movement differs
in advantageous and efficient manner from the fixed circular movement described by prior art
pedals. Because the sliding displacement is dependent of the angular position o of the crank arm, @
18 possible to ensure that the slidable top part travels an efficient path around the pedatiing axis
without additional effort being required here from a user or cychist. The shiding displacement of the

slidable top part thus takes place independently of the forces exerted on the pedal by a user,

In an embodiment the slidable top part is coupled to the pedal axle in a manner such that, during a

pedalling cyele, the slidable top part is slid in controlied manner in 3 sliding direction parallel 1o a
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plane in which the crank arm of the pedalling device rotates during a pedalling cycle of the
pedalling device.

Becanse the shidable top part is slid in a sliding direction parailel to a plane in which the crank arm
of the pedalling device rotates, the length of the pedalling lever can be increased or reduced in
efficient manner. In many pedal vehicles the <liding direction of the movable top part will
substantially correspond to the direction of forward movement of the pedal vehicle. The sliding
direction is preferably substantially parallel to the surface on which the pedal vehicle is advanced.
Slight variations thersto may ocour, subject fo an orientation of the bottom part of the pedal during

a pedalling cycle and/or to 3 form of the bottom part of the pedal.

In 2n embodiment the slidable top part is coupled to the pedal axle in a2 manner such that the
slidable top part runs through a sliding stage in the sliding direction, wherein during the sliding
stage:

- the slidable top part slides continuoushy from a rest position, in which the clidable top
part has not been displaced, to an extended position in which the slidable top part has been
displaced over a maximum shiding distance; and

- the slidable top part then slides continuously from the cxtended position to the rest

position.

In the rest position, the position of the slidable top part corresponds to the position of a traditional
pedal situated at the same angular position. In the extended position, and every position between
the rest position and the extended position, the pedalling lever is either increased or reduced
relative to the pedalling lever of a traditional pedal. The slidable top part is displaced from the rest
position to the extended position in continuous manner. If the crack arm on which the pedal is
mounted has an angular position lying in quadrant [ or II, the pedalling lever is increased. If the
crank arm on which the pedal is mounted has an angular position lying in quadrant HI or IV, the

pedalling lever is reduced,

In an embodiment the slidable top part is coupled to the pedal axle in a manner such that the
slidable top part runs through one complete sliding stage, preferably two complete sliding stages,
during a complete pedslling cycle. In an alternative embodiment the slidable top part is coupled to
the pedal axle in a manner such that the slidable top part runs through more than two sliding stages

during a complete pedalling cycle.
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When the slidable top part runs through one compiete sliding stage during a complete pedalling
cycle, the slidable top part thus reaches the rest position once per pedalling cvele and the

maximally displaced position onee per pedalling cycle.

In an embodiment the slidable top part is coupled to the pedal axle in & manner such that the
slidable top part runs through a part of a complete sliding stage during a complete pedalling cycle.
Half a sliding stage, a third of a sliding stage, a fowth of a sliding stage and so on can thus for
instance be run through per complete pedalling cycle. When half of the sliding stage is for instance
run through during a complete pedalling cycle, a complete ghiding stage will have been run through
when two complete pedalling cycles have been performed. # will be apparent to the skilled person

that other ratios between pedalling cycle and sliding stage are possible.

In a preferred embodiment the slidable top part is coupled to the pedal axle in 2 manner such that
the slidable top part reaches the extended position when the angular position o of the crank arm lies
between 350° and 170°, preferably between 20° and 160°, more preferably between 30° and 150°,
and most preferably between 50° and 140°,

Positive work is mainly produced within an angular range between 350° (-10°) and 170°. In order
to generate the greatest possible moment doring this period of positive work, it is advantageous for
the pedalling lever to be relatively large within this angular range. This is achieved in that the

slidable top part is in the extended state at a determined angular position between 350° and 170°,

In a preferred embodiment the slidable top part is coupled to the pedal axle in a manner such that
the slidable top part reaches the rest position when the angular position ¢ of the crank arm lies
between 190 and 350°, preferably between 200° and 340°, more preferably between 210° and
330°, and moost preferably between 230° and 320°.

Negative work is mainly produced within an angular range between 190° and 350°. In order to lose
the least possible energy during this period of negative work, it is advantageous for the pedalling
iever to be relatively small within this angular range. This is achieved in that, with the exception of
when the slidable top part is in the rest position, the slidable top part is displaced within this
sngular range in the direction of forward movement of the pedal vehicle. A further advaniage is
that, since the rest position is reached only once per complete pedalling cyele (0°-360) and the rest
position is reached within the angular range between 190° and 350°, in the angular positions 0% and
180° the slidable top part is displaced relative to the bottom part, whereby the so-called “dead

poinis” can be avoided.
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In an embodiment the slidable top part is coupled to the pedal axle in a manner such that the
slidable top part is displaced such that a length (1} of a pedalling lever, which is formed by the
crank arm and the slidable lop part, is greater during a pressing stage of the pedalling cycle than

during a pulling stage of the padalling cycle.

Positive work is mainly exerted on the pedal during the pressing stage of the pedalling cycle. By
displacing the slidable top part in the sliding direction away from the pedaliing axis during the
pressing stage the length {1} of the pedalling lever increases. This increases the moment which is
generated during the pressing stage (roughly hetween angular posttions 0° and 180° of the crank
arm}, During the pulling stage {roughly between angular positions 180° and 360° of the crank anm)
the slidable top part is displaced in the sliding direction toward the pedalling axis. This reduces the

moment during the pulling stage, when negative work is mainly exerted on the pedal.

In a preferred embodiment the pedal axle is coupled by means of a crank and a drive rod arvanged
on the crank to the slidable top part such that a revolution of the pedal axle relative to the botiom

part during a pedalling cvcle brings about a sliding movement of the slidable top part.

A erank with drive rod are sirople mechanical components which are durable, wear-resistant,
efficient and reliable. They are highly suitable for converting a rotation movement into a

translation or sliding movement, or vice versa.

In an embodiment the pedal axle comprises a crankshaft of the crank, wherein the crank is driven

to rotate by the pedal axle.

Becaunse the pedal axle comprises the crankshafl of the crank, the crank is driven to rotate directly
by the rotation of the pedal axle, and no additional transmission is necessary to convert the rotation

of the pedal axle into a rotation of the crank.

In g preferred embodiment the pedal axle is coupled by means of a gear transmission to the crank,

and the crank is driven to rotate by the pedal axde.

By providing a gear transmission which converts the rotation movement of the pedal axle into a
rotation movement of the crank, the crank can be driven to rotate in a plane parallel to the pedal

axle. This is advantageous in respect of utilization of space inside the botiom part of the pedal.
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In an embodiment the pedal axle comprises a cylindrical worm and the crank comprises a toothed
whee! which is oriented substantially parallel to the pedal axle and the sliding direction of the
slidable top part and on which is arranged the drive rod which is connecied to the slidable top part,

wherein the cvlindrical worm drives the toothed wheel {6 rotate.

In an exemplary embodiment the pedal axle comprises a cylindrical worm and the crank comprises
a2 protruding toothed wheel part oriented substantially perpendicularly of the pedal axle and the
sliding direction of the slidable top part, wherein the cylindrical worm engages on the toothed

wheel part and wherein the cylindrical worm drives the crank to rotate.

In 3 preferred embodiment the toothed whee! oriented substantially parallel to the pedal axle and

the sliding direction of the slidable top part is g worm wheel or a bevel gear.

Int an exemplary emmbodiment the toothed whee! part oriented substantially perpendicularly of the
pedal axle and the sliding direction of the slidable top part comprises a worm wheel or a bevel

gear.

In an embodiment the bottom part comprises a closed housing in which is received at least a part of

the pedal axle which is bearing-mounded in the bottom part.

In a preferred erubodiment the crank and the toothed wheel assembly are received in the closed

housing.

In an exemplary embodiment the bottom part comprises at least one guide oriented in the sliding
direction of the slidable top part and the slidable top part comprises at least one corresponding
guide recess. In this way the stability of the sliding displacement of the slidable top part is
increased and the slidable top part does not deviate from the desived sliding direction during the
sliding displacerent. R will be apparent to the skilled person that the slidable top part can similarly
comprise at least one guide onented in the sliding direction of the shidable top part, wherein the
bottom part then comprises at least one comesponding guide recess. Two guides, one on each side,
oriented in the sliding direction, of the bottom part or top part, and two corresponding recesses are

preferably provided in order o increase the stability of the sliding movement,

Int a preferred embodiment the stidable (op part comprises securing means for releasably securing

thereon a shoe of a rider of the pedal vehicle.
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In an embodiment the bottom part comprises a sliding surface, wherein in the rest position the
stidable top part s situated on the shding serface, and wherein the slidable top part 1s configured to

shide along the sliding surface and into the extended position.

During a pedalling cycle the sliding surface is often oriented substantially parallel relative to the

surface on which the pedal vehicle is advanced.

In an embodiment the bottom part is substantially wedge-shaped and the sliding surface of the
bottom part comprises 3 surface inclining in the direction of forward movement of the pedal

vehicle.

In this way the slidable top part is displaced at an angle relative to the bottom part. The angle at
which the sldable top part is displaced depends on the incline of the sliding surface. This angle or
incline can be determined in advantageous manner such that during a pressing stage the slidable
top part is oriented such that a tangential resultant of the force exerted by a user on the slidable top
part of the pedal is greater than the tangential resultant of the force if the slidable top part were
oriented substantially borizontally. In this context horizontal orientation is undersicod (o mean an
orientation wherein the slidable top part is substantially paraliel to the surface on which the pedal

vehicle is advanced.

In an embodiment the maximum difference between the extended position and the rest position of

the slidable top part lies between | mm and 60 mm.

In an alternative embodiment the maximum difference between the extended position and the rest

position of the slidable top part is greater than 60 mm.
A second aspect of the invention relates to a pedalling device for a pedal vehicle, wherein the
pedalling device comprises 3 crank arm on which is mounted 3 pedal aceording to any of the above

deseribed embodiments,

A third aspect of the invention relaies to 3 pedal vebicke provided with a pedalling device

according to the above described embodiments,

Brief deseription of the figures
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The above and other advantageous features and objectives of the invention will become more
apparcnt and the invention better understood with reference to the following detailed deseription

when read in combination with the accompanying drawings, in which:

Figures 1A, 1B, 1C show a perspective view of a pedalling device of a pedal vehicle, whersin the
pedalling device comprises two pedals according to an embodiment of the invention;
Figure 2 shows a schematic overview of a pedalling device with a pedal according to an
embodiment of the invention;
Figure 3 shows a cut-way perspective view of an embodiment of a pedal according to the
invention;
Figures 4A, 4B, 4C, 4D show respective perspective views of an embodiment of a pedal according
to the invention which {s mounted on a crank arm of a pedalling device, wherein the crank arm
passes through various angular positions;
Figure 5A shows an embodiment of a pedal axle of a pedal according to the invention;
Figure 5B shows an embodiment of a crank, embodied as toothed wheel, of a pedal according to
the invention;
Figure 5C shows the co-action of the pedal axle, crank and drive rod according to an embodiment
of the invention;

igure & shows an embodiment of a pedal according to the invention, wherein the slidable top part
COMprises & snap-in portion;

igures TA and 7B show respectively a perspective view and top view of a pedal according 1o an

embodiment of the invention.

Detatled embodiments

Figures 1A, 1B and 1C illustrate the principle of a pedal 1, 17 according to an embodiment of the
invention. Figures 1A, 1B and 1C show a pedalling device 40 of a pedal vehicle, such as for
instance a chainring 40 of 4 eyele, with crank amas 30, 387 connected to spindle 80, The rotation
direction of pedalling device 40 is indicated thereon with an arrow. Mounted at the end of each
crank arm 30, 30° remote from pedslling device 40 is a pedal 1, P according to an embodiment of
the invention. The pedal 1, 17 comprises a botiom part 10, a pedal axle 11 bearing-mounted in
hottor part 10, and a slidable top part 20 which is coupled o bottom part 10 and is configured to
slide relative to bottom part 10. Pedal 1, 17 is mounted by means of pedal axie 11 on the crank arm
30, 30° of pedalling device 40 of the pedal vehicle. A user or rider of the pedal vehicle places his or
her foot on the slidable top part 20 of the pedal and cxerts a force on the pedal, whereby bottom
part 10 will begin to describe a circular movement all the way around spindle 60 during a pedalling

cyele. The foot of the rider will ensure that slidable top part 20 remains oriented substantially
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horizontally during a pedalling cycle. During a pedalling cycle, pedal axle 11, 11° will hereby
rotate about its axis relative to bottom part 10, 10" of the pedal because of the rotation of crank arm
30, 30" and the bearing-mounted coupling between pedal axle 11, 11 and bottom part 10, 10°.
$lidable top part 20, 20” is then coupled 1o pedal axie 11, 117 in a manner such that slidable top
part 20, 20" undergoss a controlled sliding displacement or translation relative to bottom part 10,
10" under the influence of the axial rotation of the pedal axie, A controlled sliding displacement, or
sliding in conirolled manner, is understood to mean that the displacement of slidable top part 20,
20’ relative to bottom part 10, 10° is identical for each position during an axial rotation of the pedal
zxie. This is achieved in that the coupling between crank arm 30, 30°, pedal axle 11, 117, bottom
part 10, 10’ and slidable top part 20, 20” has been developed such that the sliding displacement is
dependent only of the angular position o of crank arm 30, 30°. The controlled sliding displacement
is hereby further not influenced by foree exerted on the pedal, or on the slidable top part 20, 20
thereof, by (a foot of} the user. A crankshafl is highly suitable for converting the rotation
movement of pedal axle 11, 117 into a transistion movenient of shidable top part 20. The coupling
hetween pedal axle 11, 117 and slidable top part 20, 20”7 is such that the sliding displacement or
translation is subject to an angular position a of crank arm 30, 30 during a pedalling cycle, Figures
1A, 1B and 1C illustrate this dependence and show various angular positions of crank arms 30, 3¢°
with respective pedals 1, 1°. It will be apparent to the skilled person that the rotation of crank arm
30, 30 during a pedalling cyele comesponds 1o the rotation of pedal axle 11, 117 relative to bottom
part 10, 10°.

Use will be made hereinbelow of the notation “o” for the angular position of the crank arm, the
notation “Y” for the length of the pedalling lever and the notations “I”, “I”, “I{” and “IV™ for
respectively the first quadrant (0°-90°), the second quadrant (90°-180°), the third quadrant {180°-
2707} and the fourth quadrant (270°-360°) of the pedalling cycle (0°-360°). These notations are
defined in Figure 2. It is thus shown that the angular position o is defined relative to a vertical loe
perpendicular to spindle 60. This definition applies particularly to traditional cycles, racing bikes,
mountain bikes and 5o on, wherein the cyclist is positioned substantially above the pedalling
device and whercin the legs and feet of the cyclist approach the pedal from above. It will be
apparent to the skitled person that in pedal vehicles wherein the user is positioned differently, such
as for instance in the case of a reclining bike, the operation of a pedal according to embodiments of
the invention is similar to the described operation, with the difference that the angular position ¢ is
defined differently because of the different position of the reclining cyclist. Quadrants [ and I are
designated as quadrants where positive work is mainly produced, while in quadrants H and IV
negative work is mainly produced. Positive work can be produced in quadrant IV from an angular

position of about 350° (-10°). In a pedalling oyele there are two so-called “dead points” or “dead
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zones”, situated at an angular position of 0° (360°) and 180°. In a traditional pedal the pressure
point, where the foot of a cyclist exerts force on the pedal, is perpendicular to crank arm 30 at these
angular positions, so that no fangential force is generated on the pedal. The resultant force of the
foree exerted on the pedal by the cyclist {s hereby almost zero when the crank arm is in these
angular positions. In a pedal according 1o an embodiment of the invention these dead points can be
avoided by displacing the slidable top part 20, for instance at an angular position ¢ of 350°, such
that the pressure point {s placed bevond the “dead point”. This can have a positive effect on the
resultant force. Similarly, at an angular position ¢ of about 170° the slidable top part 20 can be
extended so that the pressure point is displaced to a position beyond 180°, which can have a
positive effect on the resultant force. The principal and the operation of the invention will become

more spparent on the basis of the description below in combination with the following fgures.

Figure 1 A shows the situation wherein crank amm 30 has reached an angular position ¢ of
substantially 90°. At this angular position the slidable top part 20 has been displaced such that the
difference between slidable top part 20 and spindie 60 is greater than the distance betwesn bottom
part 10 and the spindle. At this angular position the length | of the pedalling lever is increased by
the sliding displacement. This increases the moment which can be generated, whereby a rider or
cyclist performs more work, as compared to known pedals, by exerting the same physical power on
the pedal. It is advantageous to increase the moment of force in quadrants I and [, the quadrants of
positive work, by extending the pedalling lever. The length { of the pedalling lever is defined as the
distance between spindle 60 and slidable top part 20, on which the foot of a user of the pedal
vehicle is positioned. In Figure 2 the length | of the pedalling lever is defined by way of example as
the distance between spindle 60 and the centre of slidable top part 20.

At the same time, crank arm 307 is in an angular position a of substantially 270°. In this angular
position the slidable top pant 20 has not been displaced, or only to minimal extent, relative 1o
bottom part 10. Crank arm 30° is situated on the boundary between quadrants I and IV, the
quadrants of negative work. Since negative work is performed in these quadrants, it is

advantageous to reduce the moment of force by reducing the length [ of the pedalling lever.

Figure 1B shows the situation in which the two crank arms 30, 307 have advanced along the
pedalling cycle. Crank arm 30 is sitnated in gquadrant I and slidable top part 20 is still displaced
relative to bottom part 10, although the displacement is smaller than at an angular position of
substantially 90° ag shown in Figure 1A. The arrow at the position of slidable top part 20 shows the
sliding direction of slidable top part 20 relative to bottom part 10, and more particularly the current
shiding direction for the shown angular position. For the showxn angular position this arrow

indicates that slidable top part 20 is displaced toward the rest position. In the shown embodiment
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pedais 1 and 17 maintain a sobstantially horizontal position during a complete pedalling cycle. In
the shown embodiment the upper surface, or sliding surface, of bottom part 10 is moreover flat,
whercby the sliding direction of slidable top part 20, which is displaced over the upper surface of
bottom part 10, is directed substantiaily borizontally.

Crank arm 30’ is situated in quadrant IV and slidable top part 20° has been displaced relative to
bottom part 107, while at an angular position of substantially 270° slidable top part 207 had not
been displaced, 33 shown in Figure 1A The arrow at the position of slidable top part 207 shows the
current sliding direction of slidable top part 20” relative to bottom part 10°, For the shown angular
position this arrow indicates that slidable top part 20”7 is displaced away from the rest position.
Figure 1C shows the situation wherein the two crank arins 30, 30" have advanced along the
pedalling cycle. Crank arm 30 is situated in quadrant If and slidable top part 20 isstilf ina
displaced position relative to bottom part 10, although the displacement is smaller than in the
displacement as shown in Figure 1B. The arrow at the position of slidable top part 20 shows the
current sliding direction of slidable top part 20 refative to bottom part 10. For the shown angular
postiion this arrow indicates that slidable top part 20 is displaced toward the rest position.

Crank arm 30° 1s sitnated in quadrant IV and slidable top part 20° has been displaced relative io
bottom part 10° over a greater distance compared to the displacement as shown in Figure 1B. The
arrow at the position of slidable top part 20° shows the current shiding direction of slidable top past
20’ relative to bottom part 10, For the shown angular position this arrow indicates that slidable top

part 20” is displaced away from the rest position, in the direction of the extended position.

Figures 1A, 1B and 1C show suceessive positions of crank arms 30 and 30° during a pedalling
eycle. Throughout the figures the displacement of top part 20 relative to bottom part 10 is maximal
in Figure 1A and the displacement successively decreases in Figures 1B and 1C. Throughout the
figures the displacement of top part 207 relative to bottom part 10 is mrinimal in Figure 1A and the

displacement successively increases in Figures 18 and 1C.

Two pedals 1, 17 according io embodiments of the nvention were shown in Figures 1A, 1B and
1C. & will however be apparent to the skilled person that pedal 1” which is mounted on crank arm
34° can equally well represent a previous or subsequent angular position of pedal | during a
pedalling cycle. In an embodiment the two slidable top parts 20 and 207 of respective pedals 1 and
17 preferably undergo a corresponding sliding displacement at the same angular position. The
prineiples and the operation of the different embodiments of the invention will be discussed in the
following on the basis of one pedal per embodiment. It will however be apparent to the skilled

person that a typieal pedalling device of & pedal vehicle coroprises two such pedala.
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Figure 3 illustrates an erabodiment of a pedal 1 according to the inveniion, wherein pedal | is
situated in quadrant § or II. Pedal 1 comprises a bottom part 10 and a pedal axle 11 arranged
bearing-mounied in bottom part 10. Depending on a chosen reference system, bottom part 10 can
rotate around pedal axle 11 or pedal axle 11 can rotate around its axis relative to bottom part 10,
Padal 1 s mounted on crapk arm 30 by means of pedal axle 11, Using botiom part 10 of the pedal
as reference system, pedal axle 11 will rotate around its axis ingide botiom part 10 during a
pedalling cycle when crank arm 30 rotates arcund the spindle. Pedal axle 11 is coupled by means
of a crank 12 and a drive rod 13 arranged on crank 12 to slidable top part 20. In the embodiment as
shown in Figure 3 crank 12 is a disc 12 which is rotatable about 2 perpendicular line through its
central point m, wherein on at least a first side of disc 12, in Figure 3 the upper side of the disc, a
coupling means 13a is situated at a distance r from the ceniral point m. Disc 12 forms together with
coupling means 133 a crankshaft. The crankshaft is connected at coupling means 13a to a first end
of a drive rod 13. The second end of the drive rod is connected at coupling means 13b to slidable
top part 20. Coupling mesans 13a and 13b are for instance screws, bolts or any other equivalent
coupling means ahle to couple the ends of drive rod 13 to crankshaft 12 on one side and slidable
top part 20 on the other. In the embodiment shown in Figure 3 the underside of disc 12 is provided
with teeth, ribs or ridges 51. Pedal axle 11 in twrn comprises a cylindrical worm 1 1a which can
engage on the teeth, ribs or ridges 51 of dise 12 such that a revolution of pedal axie 11 relative to
bottom part 10 results in a rotation of crankshaft 12 and brings about a sliding displacement of
slidable top part 20 by means of the coupling via drive rod 13. Although one specific gear
transmmission, 1.e. a worm transmission, is shown in the shown embodiment, it will be apparent to
the skilled person that altemative gear transmissions can be used for the deseribed application,
without detracting from the invention. The embodiment of Figure 3 further also shows z second
disc which is provided with teeth 51 and on which the cylindrical worm 11a can engage. This disc
is coupled to the disc 12 which serves as crankshaft. The disc is situated under cylindrical worm
11a so that cylindrical worm 11a engages at the underside thereof on the upper side of the disc
which is provided with teeth 51°. In this embodiment cylindrical worm 11a of pedal axle 11 thus
engages on two toothed whesls 51, 517, which may result in a better transmission. It will however
he apparent to the skilled person that one dise 12 suffices for conversion of the rotation movement
of pedal axle 11 to a sliding movement of shidable top part 20. 1t will further be apparent to the
skilled person that, despite crankshaft 12 being embodied in the shown embodiment as a disc 12
with an eccentrically placed coupling means 13a thereon, the crankshaft can also be embodied in
other, similar ways. In an alternative embodiment cylindrical worm 11a engages ondisc 12 via a
protrusion (not shown} which is provided at the underside of disc 12 and is provided with a screw

thread round which the cylindrical worm 11z engages. In this way the disc surface of disc 12 itself
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need not be configured as toothed wheel 51. In an aliernative exemplary embodiment coupling
means 13a is not connected to slidable top part 20 via a drive rod 13, but a guide channel (not
shown} is provided in the slidable top part for guiding coupling means 13a therein. The guide
channel is configured here such that a rotation movement of disc 12 brings about a sliding

movement of slidable top part 20.

Figures 4A, 4B, 4C and 41 illustrate positions of slidable top part 20 of a pedal according to the
embodiment of Figure 3, wherein crank army 30 is in respective angular positions of substantially
0°, 90°, 180° and 270°. Across Figures 44, 4B, 4C and 4D crank arm 30, and therefore also pedal
1, passes through one complete pedalling cvele. During the pedalling cycle the shidable top part
runs through a sliding stage, wherein slidable top part 20 slides continuously from a rest position,
i which the slidable top part kas aot been displaced, to an extended position, in which the slidable
top part has been displaced over a maximur shiding distarce, and slidable top part 20 then slides
continyously from the extended position to the rest position. In the shown pedalling cycle the rest
position is reached in Figure 40 at an angle of substantially 270°. Pedal 1 is then situated on the
transition from quadrant I¥ to quadrant {V. From this position, slidable top part 20 is displaced in
the shiding direction until 3 maximally displaced position has been reached, when crank arm 30
reaches an angular position of substantially 90°, as shown in Figure 4B. Along the way from an
angular position of 270° to an angular position of 90° crank arm 30 passes through the angular
position of 0°, which angular position corresponds o a so-called dead point of traditional pedals. &t
can however be scen in Figure 4A that, at an angular position of §°, slidable top part 20 has been
displaced such that the dead point is avoided. The sliding displacement of slidable top part 20 in
the direction of forward movement of the pedal vehicle displaces the pressure point on which force
is exerted by a user so that, in contrast to what is the case in traditional pedals, a tangential foree is
exerted on pedal | at an angular position of 0° (360°). Something similar applics to the angular
position of 180°. Between the angular position of 90° and the angular position of 270° crank arm
30 passes through the angular position of 180°, which angular position corresponds to a so-called
dead point of traditional pedals. It can however be seen in Figure 4C that, at an angular position of
180°, slidable top part 20 has been displaced such that the dead point is avoided. The sliding
displacement of slidable top part 20 in the direction of forward movement of the pedal vehicle
displaces the pressure poing on which force is exerted by a user so that, in contrast to what is the

case in traditional pedals, a tangential force is exerted on pedal 1 at an angular position of 180°.

In an exemplary embodiment the slidable top part can be displaced in the sliding direction overa
distance of about 20 oo at an angular position of §°, about 40 mm at an anguolar position of 90°,

about 20 mm at an angular position of 180° and about § mm at an angular position of 270°. These
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values provide an indication of a possible embodiment wherein the slidable top part runs through a
complete sliding stage during a compiete pedalling cycle. The most advantageous displacement per
angular position depends on factors such as the build, for example the lenpth of the legs, and the
manner of pedalling of a user of the pedal vehicle. The distance over which slidable top part 20 is

displaced per angular position can thus differ from the above described sample values.

In embodiments of pedal I wherein pedal axie 11 is coupled to slidable top part 20 by means of a
crank/disc/toothed wheel 12 and a drive rod 13 arranged on craok 12, the distance of the
displacement can be adjusted n various ways which will be apparent to the skilled person. This
can for instance be done by adjusting the length of the drive rod, by attaching the drive rod 1o the
crank further away from or closer to the central point of crank 12, and so on.

Figures SA, 5B and 5C show embodiments of respectively pedal axle 11 with cylindrical worm
11a, disc 12 with toothed wheel side 51 and the assembly of pedal axle 11, disc 12 and drive rod 13
in more detail. It will be apparent to the skilled person that these are exemplary embodiments and
that modifications to one or more of the components are possible within the context of the

invention in order to obtain a similar operation.

Figure 6 shows a further developed exemplary embodiment of a pedal 1 according to the invention.
Bottom part 10 of pedal 1 is embodied as a closed housing with a cylindrical recess in which the
pedal axle 11 is bearing-mounted. Pedal axle 11 comprises a first part 11a of a gear transmission,
for instance a cylindrical worm 11la, which engages on a second part 51 of the gear transmission.
Second part 51 of the gear transmission is situated on the underside of disc 12 arranged rotatably in
bottom part 10. Situated on the upper side of disc 12 is a coupling means 13a fo which is connected
a first end of a drive rod 13. The second end of drive rod 13 is connected by means of a coupling
means 13b to slidable top part 20 such that a rotation of disc 12 brings about a dliding displacement
of the slidable top part. When the pedal passes through a pedalling cycle, pedal axie 11 rotates
about its axis inside bottom part 10, The first part 1la of the gear transraisgion, which is situsted on
the pedal axle, engages on the second part 51 of the gear transmission, which is sitnated on dise 12.
Rotation of pedal axle 11 results in a rotation of disc 12, which brings about a sliding displacement
of slidable top part 20. Slidable top part 20 comprises securing means 25 for releasably securing a
shoe of a rider thereon. In Figure 6 sccuring means 25 are embodied as a so-called clipless pedal,
wherein a small plate fastened to the shoe of the rider can be snapped into the securing means.
Such securing means can mainly be advantageously applied in pedals according to the invention

for for instance racing bikes and/or mountain bikes,

PCT/BE2017/000048



WO 2018/094482

10

20

i4

Figures 7A and 7B show respectively a side view and a top view of a pedal 1 according to an

alternative ersbodiment of the invention.

Figure 7A shows the pedal 1, wherein crank arm 30 of pedalling device 40 is in an angular position
of between 90° and 180°. Pedal 1 is thus situated in guadrant 1. Bottom part 10 of pedal 1 is
mounted on crank arm 30 by means of pedal axle 11. Pedal axle 11 is arranged bearing-mounted 1n
bottom part 10, A concentric disc 12 is provided on pedal axle 11 in a plane perpendicularly of
pedal axle 11, Provided on dise 12 1s a coupling means 13a on which a first end of a driverod 13 is
arranged. The coupling means is sitvated at 2 distance r from the central point m of disc 12. The
distance r can be adjusted to the requirements of a designer or user. A smaller maximal
displacement can be obtained by reducing the distance r. A greater maximal displacement can be
obtained by increasing the distance r. The distance r can be adjusted subject to for instance the
build of a user or cyclist, the length of the legs, the pedalling technique and so on. In an
embodiment a plurality of recesses or bores can be provided for placing coupling means 13a
therein, so that the distance r can be adjusted in stmple manuer. The second end of drive rod 13 is
arranged by means of a coupling means 13b on slidable top part 20. In the embodiment shown in
Figure 7A drive rod 13 is connecied to slidable top part 20 and to a disc 12 which is situated in a
plane perpendicularly of pedal axle 11, while in the embodiment shown in Figure 3 drive rod 13 is
connected to shidable top part 20 and to a disc 12 which is situated in a plane parallel to pedal axle
il

The skilled person will appreciate that the invention is got Hmited to the above described
embodimenis and that many modifications and variants are possible within the scope of the

inveniion, which is defined solely by the following clairus.

PCT/BE2017/000048
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Claims

L. Pedal (1) for a pedal vehicle, the pedal (1) comprising a bottom part {10}, a pedal axle (11}
bearing-mounted in the bottom part (10), and a slidable top part {20} coupled 1o the bottom part
(10) and configured to slide relative to the bottom part (10), wherein

- the pedal axle (11} is configured to be mounted on a crank arm (30} of a pedalling device
{40} of the pedal vehicle; and

- the slidable top part {20} is coupled 1o the pedal axle (11) in 3 manner such that the
shidable top part (20} is displaced relative to the botiom part {10) in controlied manner in
dependence of an angular position « of the crank arm (30} of the pedalling device (40) during a

pedalling cycle of the pedalling device (403

2. Pedal {1} according to claim 1, wherein the slidable top part (20} is coupled to the pedal axle
(11} in a manner such that, during a pedalling cycle, the slidable top part (20} is displaced in
controlied manner in a sliding divection paratlel to a plane in which the crank arm (30} of the

pedalling device {40} rotates during a pedalling cycle of the pedalling device (40).

3. Pedal (1) according to claim 2, wherein the slidable top part (20} is coupled to the pedal axle
{11) in a manner such that the slidable top part {20) runs through a sliding stage in the sliding
direction, wherein during the sliding stage:

- the slidable top pan slides continuously from a rest position, in which the slidable top
part has not been displaced, to an extended position in which the slidable top part bas been
displaced over a maxinum sliding distance; and

- the slidable top part then slides continuously from the extended position to the rest

position.

4, Pedal (1) according to claim 3, wherein the slidable top part (20} is coupled to the pedal axle
{11} in a manner such that the slidable top part (20) runs through one complate sliding stage,

preferably two complete sliding stages, during a complete pedalling cycle.

5. Pedal (1) according to claim 3, wherein the slidable top part (20) is coupled fo the pedal axle
{11} in a manner such that the slidable top part (20) runs through g part of a complete sliding stage,

preferably half of a complete sliding stage, during a complete pedalling oyele.

6. Pedal {1} according to claim 3, 4 or 5, wherein the slidable top part {20} is coupled to the pedal

axle (11} in a manner such that the slidable top part (20} reaches the extended position when the

PCT/BE2017/000048
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angular position o of the crank arm (30) Hes between 350° and 170°, preferably between 20° and

160°, more preferably between 30° and 150°, and most preferably between 50° and 140°.

7. Pedal (1) according to claim 3, 4, § or 6, wherein the slidable top part (20} is coupled to the
pedal axle (11} in a ranner such that the slidable top part (20) reaches the rest position when the
angular position @ of the crank arm (30) lies between 190° and 350°, preferably between 200° and
3407, more preferably between 210° and 330°, and most preferably between 230° and 326°.

8. Pedal {1) according to any of the foregoing claims, wherein the slidable top part (20) is coupled
to the pedal axle (11) in a manner such that the slidable top part (20} is displaced such that a length
1 of a pedalling lever, which is formed by the crank arm {(30) and the slidable fop part (20), is
greater during a pressing stage of the pedalling cycle than during a pulling stage of the pedalling

cycle.

9. Pedal (1) according to any of the foregoing claims, wherein the pedal axle (11) is coupled by
means of 3 crank {12) and a drive rod {13} arranged on the crank (12} to the slidable top part (20)
such that a revolution of the pedal axie (11} relative to the bottom part during a pedalling cycle
brings about a sliding movement of the shdable top part (20},

10, Pedal (1} according to claim 9, wherein the pedal axle (11} comprises a crankshafl of the crank
{12}, whercin the crank (12) is driven 1o rotate by the pedal axle {11},

11. Pedal (1) according to claim 9, wherein the pedal axle (11} is coupled by means of a gear
transmission to the crank (12) and wherein the crank (12} is driven to rotate by the pedal axle (11).

12, Pedal (1} according to claim 11, wherein the pedal axle (11) comprises a cylindrical worm
{112} and the crank {12} comprises a toothed wheel (81, 51°) which is oriented substantially
parallel 1o the pedal axle (11) and the sliding direction of the slidable top part (20} and on which is
arranged the drive rod (13) which is comnected to the slidable top part (203, wherein the cylindrical

worm {1 1a} drives the toothed wheel (51, 517} to rotate.

13, Pedal (1} according to claim 11 or 12, wherein the pedal axle (11) comprises a cylindrical
worm {1 1a} and the crank {12} comprises a protruding toothed wheel part oriented substantially
perpendicularly of the pedal axle (11} and the sliding direction of the slidable top part (20),
wherein the ¢viindrical worm {112} engages on the toothed wheel part and whereln the oylindrical

worm {1 1a) drives the crank (12) to rotate.
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14. Pedal (1) according to claim 12 or 13, wherein the toothed whee! (51, 51°) oriented
substantially parallel to the pedal axle (11} and the sliding direction of the slidable top part (20} is a

worm wheel or a bevel gear,

13. Pedal (1) according to claim 13 or 14, wherein the toothed wheel part oriented substantially
perpendicularly of the pedal axle (11) and the sliding direction of the slidable top part (20)

comprises a worm wheel or a bevel gear.

16. Pedal (1} according to any of the foregoing claims, wherein the bottom part (10) comprises a
closed housing in which is received at least a part of the pedal axle {11) which is bearing-mounted

in the bottom part (16).

17. Pedal (1) according to any of the claims -16, wherein the crank {12) and the toothed wheel

assembly (51, 517}, respectively, are received in the closed housing.

18. Pedal (1) according to any of the foregoing claims, wherein the bottom part {10} comprises at
least one guide oriented in the sliding direction of the slidable top part (20} and the slidable top part

{20} comprises at least one corresponding guide recess.

19. Pedal {1} according to any of the foregoing claims, wherein the slidable top part (20) comprises

securing means (25) for releasably securing thercon a shoe of a rider of the padal vehicle.

20. Pedal (1) according to any of the foregoing claims 3-19, wherein the bottom part (10}
comprises a sliding surface, wherein in the rest position the slidable top part {20} is situated on the
sliding surface and wherein the slidable top part (20} is configured to slide along the shiding surface

and into the extended position.

21. Pedal (1) according to claim 20, wherein the boitom part (10} is substantially wedge-shaped
and wherein the sliding surface of the bottom part (10} comprises a surface inclining in a direction

of forward movement of the pedal vehicle.

22. Pedal (1) according to any of the claims 3-21, wherein the maximun difference between the

extended position and the rest position of the slidable top part (20) lies between | mm and 60 mm,
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23. Pedalling device for 4 pedal vehicle, the pedalling device comprising a crank anm on which is

mounted a pedal (1) according o any of the foregoing claims.

24, Pedal vehicle with a pedalling device according 1o claim 23,
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