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(54) Releasable connection system

(57) A connection system having at least one male
engagement component (30) configured to engage with
a female engagement component (40) is provided. The
male engagement component is configured to interact
with the female engagement component so that when

pressure is applied, the at least one male engagement
component embeds into the material of the female en-
gagement component and generates sufficient friction to
lock the relative positioning of the two components in at
least one direction.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 61/782,106 filed March 14, 2013
and titled "Releasable Connection System" and is a con-
tinuation-in-part application of U.S. Patent Application
Serial No. 13/546,522 filed July 11, 2012 and titled "Re-
leasable Connection System," the contents of both of
which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention generally relates to components
for use with a releasable connection system.

BACKGROUND OF THE INVENTION

[0003] In a variety of different applications it may be
desirable to employ a releasable connection system that
is capable of providing a firm connection between two
objects while still allowing the relative position of the two
objects to be adjusted. Specifically, there are many ap-
plications (such as sporting applications, the placement
of transportable goods in a container or vehicle, the stor-
age of goods in a warehouse or private storage unit, and
so forth) where it is desirable for two objects to be con-
nected at a certain position for a certain amount of time
without slipping or sliding and for there to be a relatively
easy way of fixing and releasing the connection. Having
a fast and reliable connection is especially desirable in
a dynamic environment, such as a sports environment
where quick release of a connection is needed for safety
and/or performance reasons.
[0004] As one of many examples, with certain activi-
ties, such as cycling, it is sometimes desirable for the
outsole of a shoe to releasably attach to another struc-
ture, such as the pedal of a bike. For example, a cyclist
is able to generate more power if the pedal is connected
to the shoe so that the cyclist is able to transmit power
to the crank via the pedals throughout the entire pedaling
cycle. The connection of the shoe to the pedal also pro-
vides more stability in certain situations.
[0005] There are known ways of releasably attaching
a shoe with a pedal, such as cage-type construction ped-
als (where the shoe is received snuggly within a cage of
the pedal) or clip-in (also referred to as clipless) pedals.
With a clip-in pedal, a cleat on the outsole of the shoe
clicks into a receptacle located on the top surface of the
clip-in pedal when the cleat is aligned a particular way
with respect to the receptacle. Once clicked into place,
the shoe is attached to the pedal and the cleat can only
be disengaged from the receptacle of the pedal when the
shoe is turned a certain way. With clip-in pedals, clicking
the cleat into place within the pedal and releasing the
shoe from the pedal can be difficult and therefore dan-
gerous.

SUMMARY OF THE INVENTION

[0006] Disclosed is a male engagement component
configured to interact with a female engagement compo-
nent as part of a releasable connection system. The male
engagement component is configured so that a prede-
termined amount of friction is generated between the
male engagement component and the female engage-
ment component when the male engagement compo-
nent interacts with the female engagement component.
In this way, a predetermined amount of pressure/force
may be required to engage and/or disengage the male
engagement component and the female engagement
component. In some cases, predetermining the amount
of friction means maximizing, minimizing or otherwise
optimizing the amount of friction.
[0007] In some embodiments, the male engagement
component is configured so that the material of the fe-
male engagement component flows around the male en-
gagement component to optimize a contact area be-
tween the two components, thus optimizing the amount
of friction generated between the two components. In
some cases, optimizing the contact area and the amount
of friction generated means minimizing the contact area
and hence the amount of friction. In other cases, optimiz-
ing the contact area and the amount of friction generated
means maximizing the contact area and hence the
amount of friction, and optimizing the contact area and
the amount of friction generated sometimes means pre-
determining the contact area and the amount of friction
generated so that the contact area and friction generated
is somewhere between the maximum and minimum lev-
els.
[0008] In some embodiments, the male engagement
component is used with a female engagement compo-
nent to releasably connect a fixed device (for example,
but not limited to, the pins on a plate or on a pedal of a
bike) to a movable device (for example, but not limited
to, a shoe, glove, container, box or other transportable
or storable good). In some embodiments, the male en-
gagement component is used to releasably connect a
shoe to another component, such as a pedal of a bike.
[0009] The terms "invention," "the invention," "this in-
vention" and "the present invention" used in this patent
are intended to refer broadly to all of the subject matter
of this patent and the patent claims below. Statements
containing these terms should not be understood to limit
the subject matter described herein or to limit the mean-
ing or scope of the patent claims below. Embodiments
of the invention covered by this patent are defined by the
claims below. This summary is a high-level overview of
various aspects of the invention and introduces some of
the concepts that are further described in the Detailed
Description section below. This summary is not intended
to identify key or essential features of the claimed subject
matter, nor is it intended to be used in isolation to deter-
mine the scope of the claimed subject matter. The subject
matter should be understood by reference to the entire
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specification of this patent, all drawings and each claim.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Illustrative embodiments of the present inven-
tion are described in detail below with reference to the
following drawing figures:

FIG. 1 is a schematic showing the insertion of an
elongate object into a female engagement compo-
nent to create a void.
FIG. 2 is a schematic illustrating a profile of the void
of FIG. 1.
FIG. 3 is a perspective view of a male engagement
component according to one embodiment.
FIG. 4 is a perspective view of a male engagement
component according to another embodiment.
FIG. 5 is a perspective view of a plurality of the male
engagement components of FIG. 3.
FIG. 6 is a perspective view of a plurality of the male
engagement components of FIG. 4.
FIG. 7 is a two-dimensional schematic of a male en-
gagement component according to one embodi-
ment.
FIG. 8 is a two-dimensional schematic of a male en-
gagement component according to one embodi-
ment.
FIG. 9 is a three-dimensional schematic of a male
engagement component according to one embodi-
ment.
FIG. 10 is a three-dimensional schematic of a male
engagement component according to one embodi-
ment.
FIG. 11 is a two-dimensional schematic of a male
engagement component according to one embodi-
ment.
FIG. 12 is a three-dimensional schematic of a male
engagement component according to one embodi-
ment.
FIG. 13 illustrates two male engagement compo-
nents having similar coefficients of friction.
FIG. 14 illustrates two-dimensional schematics of
male engagement components according to some
embodiments.
FIG. 15 illustrates a male engagement component
in the form of a pin according to one embodiment.
FIG. 16 illustrates a male engagement component
in the form of a pin according to another embodiment.
FIG. 17 illustrates a male engagement component
in the form of a pin according to yet another embod-
iment.
FIG. 18 illustrates several male engagement com-
ponents in the form of rails according to other em-
bodiments.
FIGS. 19-22 illustrate one embodiment of a male en-
gagement component as it engages with a female
engagement component of one embodiment.
FIGS. 23A-23B illustrate two known fractals.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The subject matter of embodiments of the
present invention is described here with specificity to
meet statutory requirements, but this description is not
necessarily intended to limit the scope of the claims. The
claimed subject matter may be embodied in other ways,
may include different elements or steps, and may be used
in conjunction with other existing or future technologies.
This description should not be interpreted as implying
any particular order or arrangement among or between
various steps or elements except when the order of in-
dividual steps or arrangement of elements is explicitly
described.
[0012] Disclosed is a male engagement component
that may be used with a female engagement component
as part of a releasable connection system for use in a
variety of applications. For example, the male engage-
ment component described herein may be used in the
transportation industry, the retail industry, the storage or
warehousing industry, the furniture industry, the sporting
industry, the manufacturing and containment of manu-
facturing components and flooring, or any other desired
application or industry. With respect to the transportation
industry, the male engagement component may be used
with a connection system to, for example, facilitate load-
ing and unloading and/or transporting of transportable
goods or cargo. More particularly, as described below,
the goods to be transported may be housed within a con-
tainer or box or on a rack having a bottom surface that
faces and is configured to interact with a surface of the
transporting vehicle (such as but not limited to a plane,
ship, truck, forklift, automobile, etc.). For example, the
bottom surface may have a female engagement compo-
nent that includes a material in which a male engagement
component associated with a device/plate on the flooring
surface is capable of engaging, as described below.
[0013] With respect to the retail industry, a male en-
gagement component may be used with a connection
system to, for example, facilitate the display of retail items
on shelves or in display windows. With respect to the
storage industry, a male engagement component may
be used with a connection system to, for example, facil-
itate loading and unloading and/or transporting of boxes
or other storable goods. With respect to the furniture in-
dustry, for example, a male engagement component may
be used with a connection system to facilitate the move-
ment of furniture along a surface.
[0014] With respect to the sporting industry, for exam-
ple, a male engagement component may be used with a
connection system to facilitate connection between a
shoe and an exercise machine such as a stepper, cross
trainer, rowing machine or the like, a cycling shoe and a
flat pedal (such as a bike pedal without a clip system,
either with a substantially flat contact surface, or with pins
attached to the contact surface), a boat shoe and a boat
deck or surface, a horseback riding shoe and a stirrup,
a glove and a baseball bat, a climbing glove and a climb-
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ing structure, and so forth.
[0015] In essence, the disclosed male engagement
component may be part of a connection system for use
in any application, including both commercial and private
applications, where it is desirable to selectively limit
movement between a fixed object and a movable object
while also permitting easy adjustment of the relative po-
sitions of the two objects and easy fixing and release of
the connection between the two objects. As a few non-
limiting examples, the fixed object might be a piece of
sporting equipment such as a bike, a bat, or a boat and
the movable object might be a shoe, a glove, or a piece
of apparel.
[0016] The disclosed male engagement component is
configured to interact with a female engagement compo-
nent. In some embodiments, the male engagement com-
ponent may be a pin, screw, spike, post, projection, pro-
trusion, rail, or any other suitable structure. The male
engagement component may be fixed with respect to a
surface or structure (such as a plate or pedal, etc.) or
may be connectable to any surface or structure. The male
engagement component is dimensioned and otherwise
configured to generate a desired, predetermined amount
of friction when sufficient force is applied to engage the
male engagement component with a female engagement
component. In this way, the male engagement compo-
nent is profiled to generate friction that establishes and
maintains a connection between the male engagement
component and the female engagement component until
the force engaging the female engagement component
with the male engagement component is no longer ap-
plied. In some embodiments, the male engagement com-
ponent is profiled to generate friction that establishes and
maintains a connection between the male engagement
component and the female engagement component until
the force engaging the female engagement component
with the male engagement component is no longer ap-
plied and, in some cases, a second force sufficient to
overcome the generated friction is applied. In some em-
bodiments, the second force may be applied by lifting
one of the two components away from the other to over-
come the generated friction, depending on the charac-
teristics of the two components. For example, as dis-
cussed below, the female engagement component may
be formed of a material having certain properties. If the
material has, for example, a relatively low resilience/slow
rebound, a greater second (in some cases lifting) force
may be required to overcome the generated friction as
compared with a material that has a higher resil-
ience/faster rebound.
[0017] In some embodiments, the male engagement
component is profiled so that the second force needed
to overcome the generated friction is a desired, prede-
termined amount. For example, the male engagement
component may be profiled so that the second force
needed to overcome the generated friction is not as high
in certain directions as it is in other directions. In the con-
text of a bike shoe/bike pedal, for example (and as ex-

plained in more detail below), the male engagement com-
ponent may be profiled so that the second force needed
to release a male engagement component from the fe-
male engagement component is low in a certain range
of angles (for example, but not limited to, angles around
90 degrees), but is relatively high in other ranges of an-
gles (such as angles around 0 degrees when it is not
likely desired that the two components be released) to
help prevent injury.
[0018] In some embodiments, as disclosed in U.S. Ap-
plication Serial No. 13/546,522 filed July 11, 2012, the
contents of which are incorporated herein, the female
engagement component is a material having a low re-
bound elasticity, a high viscoelasticity, and a hardness
that is low enough to allow a desired amount of deforma-
tion and hard enough to impart a desired amount of sta-
bility. In some embodiments, the material of the female
engagement component may have a rebound elasticity
that is less than approximately 20%, an elongation that
is more than approximately 600%, and in some embod-
iments is more than 900%, and a hardness that is be-
tween approximately 40 Shore A and approximately 70
Shore A. In some embodiments, the hardness is between
approximately 45 Shore A and approximately 60 Shore
A, and in some embodiments is between approximately
50 Shore A and approximately 55 Shore A. In other em-
bodiments, the hardness is between approximately 70
Shore A and approximately 85 Shore A. In some embod-
iments, the material is sufficiently viscous to flow around
the male engagement component and sufficiently elastic
to deform when the male engagement component is em-
bedded within it.
[0019] In some embodiments, the material of the fe-
male engagement component is configured so that, when
sufficient pressure is applied, the material flows around
the male engagement component to lock the male en-
gagement component into position via friction with re-
spect to the female engagement component ("locked po-
sition"). In some embodiments, sufficient pressure is ap-
plied by pushing either the weight of the object with which
the female engagement component is associated into
the male engagement component, or by putting an ad-
ditional weight onto the connection system. In some cas-
es, sufficient pressure is enough pressure to minimize
any voids between the two components and/or maximize
the contact area between the two components and is
dependent on the material of the female engagement
component, the surface design of the two components
and/or the speed of the pressure applied.
[0020] In some embodiments, the female engagement
component is placed on top of the male engagement
component and weight/pressure is applied in a substan-
tially vertical direction. In some embodiments, the
weight/pressure is applied over a range of approximately
85 degrees to approximately 95 degrees from horizontal.
However, the female and male engagement components
can be profiled to vary the amount of sufficient pressure,
depending on the application with which the components
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will be used. In some embodiments, such as the context
of sporting applications such as a bike shoe engaged
with a pedal, it might be desirable to have an approxi-
mately 90 degree angle between the female engagement
component and the male engagement component. But
in other contexts, other angles may be desired, such as
but not limited to angles of approximately 45 degrees or
approximately 30 degrees, depending on the design and
function of the structures/applications with which the
components will be used.
[0021] When in its locked position, the male engage-
ment component is embedded into the female engage-
ment component and friction generated between the
male engagement component and the female engage-
ment component restricts or prevents the male engage-
ment component from slipping, sliding, or shifting in one
or more directions with respect to the female engagement
component. In some embodiments, the movement is re-
stricted/prevented in a generally horizontal direction. In
some embodiments, the movement is restricted/prevent-
ed in all non-vertical directions (or all directions except
the releasing direction).
[0022] The material of the female engagement com-
ponent is configured so that the material "flows" or "floats"
around the male engagement component. In some em-
bodiments, the male engagement component is config-
ured so that the material of the female engagement com-
ponent follows the outer contour of the male engagement
component. When the female engagement component
compresses against the male engagement component
with sufficient force, the female engagement component
deforms around the male engagement component so
that the contact area (and thus the friction generated)
between the two components is maximized (and in some
cases, is minimized or otherwise predetermined).
[0023] In some embodiments, the friction is generated
as a result of contact between the male engagement
component and the material of the female engagement
component. In a general non-limiting sense, a male en-
gagement component can be thought of as a base with
optionally none, one, or more than one recurring sube-
lements or substructures of similar shape that can vary
in size/scale and that help define the direction and
flow/stretch that the female engagement component un-
dergoes when it compresses against the male engage-
ment component and any its subelements or substruc-
tures. Male engagement components and subelements
or substructures of different geometries may have differ-
ent coefficients of friction, sometimes referred to as indi-
vidual friction coefficients, and these are not necessarily
linear.
[0024] As mentioned above, in some embodiments,
the female engagement component is an elastomer. The
shape and/or configuration and/or geometry of the male
engagement component can be designed to maximize
or minimize or otherwise predetermine the friction gen-
erated between the contact surface of the male engage-
ment component and the female engagement compo-

nent. In this way, the male engagement component can
be designed to predetermine the amount of force/pres-
sure required to engage the male engagement compo-
nent with the female engagement component and to
maintain the engagement.
[0025] In some embodiments, the length and/or area
and/or profile of the male engagement component, or the
base of the male engagement component, is proportion-
ate to the frictional coefficient between the surface of the
male engagement component and the female engage-
ment component. In some cases, the length of the portion
of the male engagement component that engages with
the female engagement component is referred to as the
connection length. The male engagement component
geometry and profile affects the individual friction coeffi-
cient and hence the friction generated by the male en-
gagement component. The potential contact area be-
tween the male engagement component and the female
engagement component can be adjusted as desired. In
some cases, the potential contact area is maximized to
increase the coefficient of friction between the two com-
ponents (in some cases, without regard to scale of the
male engagement component) so that more force is re-
quired to engage the male and female engagement com-
ponents into their locked position.
[0026] One non-limiting way of designing a male en-
gagement component configured to interact with the ma-
terial of a female engagement component (such as fe-
male engagement component 1 shown in Figure 1) hav-
ing specific properties is to use an elongate object 2 to
apply pressure until the object 2 extends into the material
of the female engagement component to a predeter-
mined depth, as shown in Figure 1. In some embodi-
ments, the profile 3 of the void created by the deformation
of the female engagement component can be used to
create the profile of a male engagement component 4,
as shown in Figures 2-3. Figures 4-6 illustrate another
male engagement component 104, as well as a plurality
of male engagement components 4 and 104, respective-
ly.
[0027] In some embodiments, by designing a male en-
gagement component and subelements or substructures
as described above, the material of the female engage-
ment component is capable of stretching to touch the
complete surface of the male engagement component
and subelements or substructures leaving essentially no
voids between the male engagement component and
subelements or substructures and the female engage-
ment component. The male engagement components
shown in Figures 3-7 and 10 are male engagement com-
ponents with a "plain" surface without subelements or
substructures. Smaller scale subelements or substruc-
tures can be added to these male engagement compo-
nents to create a male engagement component with sub-
elements or substructures, as shown in Figures 8-9. Any
number of additional layers of smaller scale subelements
or substructures can be added to create two, three, four
and more layered male engagement components.
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Shown in Figures 11-12 are two and three dimensional
views of an embodiment of a male engagement compo-
nent with three layers of subelements or substructures.
[0028] In general, adding smaller scale subelements
or substructures to the surface of a larger male engage-
ment component increases the friction generated be-
tween the male and female engagement components,
so long as it results in higher surface contact area be-
tween the two components. Each subsequent layer of
subelements or substructures added increases the indi-
vidual friction coefficient by a corresponding amount. In
this way, a "two layer" male engagement component
(such as that shown in Figure 9) has a higher coefficient
of friction than a male engagement component without
subelements or substructures (such as that shown in Fig-
ure 4) if the two layer component results in higher surface
contact area between the two components. In other
words, the force required to embed the male engagement
component into the female engagement component is
higher with a male engagement component with subele-
ments or substructures that results in a higher surface
contact area than with a male engagement component
without subelements or substructures, which results in
the female engagement component being slower to re-
lease from the male engagement component once the
sufficient force is no longer applied. Figure 14 illustrates
a one layer male engagement component, a two layer
male engagement component, a three layer male en-
gagement component, and a four layer male engage-
ment component. In some embodiments, the base with
the substructures or subelements in different layers can
be a fractal design as seen in some of the figures. In
some embodiments, the base with the substructures or
subelements in different layers can have a known fractal
design, such as but not limited to the Gosper Island frac-
tal, the Fibonacci fractal (shown in Figure 23A), the Koch
curve fractal (shown in Figure 23B), the terdragon curve,
the Julia set fractal, the Vicsek fractal, the twindragon
curve, the three-branches tree fractal, the Sierpinski hex-
agon fractal, the Von Koch curve or surface, the three-
dimensional quadratic Koch surface fractal, and the Von
Koch curves with random intervals and random orienta-
tions, and/or the cauliflower fractal and numerous other
known fractal shapes and profiles. In other embodiments,
the male engagement might not have a regular substruc-
ture, or may have a combination of substructures and
shapes.
[0029] The placement of the smaller scaled subele-
ments or substructures along the larger male engage-
ment component or subelements or substructures, and
the number of smaller scaled subelements or substruc-
tures that are included on the larger male engagement
component or subelements or substructures, affect the
coefficient of friction and thus the engagement of the fe-
male engagement component with the male engagement
component. In particular, the static and sliding friction
forces generated between the male engagement com-
ponent and the female engagement component with

which the male engagement component and subele-
ments or substructures engages is affected. Moreover,
the scale of the smaller subelements or substructures
used with the larger male engagement component or
subelements or substructures affects the static and slid-
ing friction forces generated between the male engage-
ment component and the female engagement compo-
nent with which the male engagement component and
subelements or substructures interacts.
[0030] Although as described it may be desirable to
configure the male engagement component to have a
high friction coefficient so a greater amount of friction is
generated between the female engagement component
and the male engagement component and subelements
or substructures, the surface percentage stretch gener-
ated should not exceed the elastic modulus of the female
engagement component. In other words, the coefficient
of friction should not be so high that is causes the material
of the female engagement component to fail (tear). In-
stead, the male engagement component should be de-
signed to generate enough surface contact area so that
the pressure between the male engagement component
surface, including the surface of any subelements or sub-
structures, and the female engagement component sur-
face causes the material of the female engagement com-
ponent to stretch so that it contacts the entire male en-
gagement component surface and flows around the male
engagement component and subelements or substruc-
tures to lock the two components in position.
[0031] A male engagement component that is shorter
but that has more layers of subelements or substructures
(i.e., has smaller scale substructures or subelements
added to the larger male engagement component or sub-
elements or substructures) has a higher coefficient of
friction than a taller (in some embodiments, a greater
height to width ratio) one layer male engagement com-
ponent, so long as this configuration results in higher
surface contact area between the two components. As
one non-limiting illustration, the male engagement com-
ponents shown in Figure 13 have a similar individual fric-
tion coefficient and thus require approximately the same
amount of force to overcome the friction generated and
embed them completely into material of a female engage-
ment component.
[0032] When a male engagement component first
makes contact with the material of a female engagement
component, the male engagement component imparts
minimal stress and strain to the material. In some em-
bodiments, as the material of the female engagement
component begins to stretch and flow around the male
engagement component surface, the additional stretch-
ing requires additional force to embed the male engage-
ment component into the material of the female engage-
ment component to force the material to flow around the
male engagement component surface and move the
components into the locked position. To get the material
of the female engagement component to flow along the
entirety of the male engagement component surfaces,
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enough pressure must be applied against one or both
components to ensure maximum contact between the
male engagement components and the surface of the
female engagement component.
[0033] In some embodiments, the male and female en-
gagement components are in a locked position after the
material of the female engagement component sur-
rounds the structure of the male engagement compo-
nent. To release the connection, a lifting force in one or
more directions may be necessary for release, for exam-
ple if a strong connection is desired. The design of the
male engagement component may be adjusted to control
the surface contact between the two components and
alter the degree of interlock of the male and female en-
gagement components.
[0034] When designing the geometry of the male en-
gagement component and choosing the number of male
engagement components and subelements and sub-
structures to include with the releasable connection sys-
tem, the elastomer characteristics of the female engage-
ment component can be taken into account. For example,
the pressure applied by each male engagement compo-
nent and subelements or substructures must be sufficient
to stretch the material of the female engagement com-
ponent so that it substantially contacts the entire male
engagement component surface. In this way, the amount
of friction force generated between the male engagement
component and the female engagement component is
influenced by the contact area between the two compo-
nents.
[0035] In some embodiments, the male engagement
components (which can be configured as male engage-
ment components with or without subelements or sub-
structures) are pins, such as those shown in Figures
15-17. In other embodiments, the male engagement
components (which can be configured as male engage-
ment components with or without subelements or sub-
structures) are rails such as those shown in Figures 4,
6, 9, and 18.
[0036] When the disclosed releasable connection sys-
tem is used in a cycling context, the male engagement
components may be pins (such as pin 30 shown in Fig-
ures 19-22) or other projections that are positioned on
the surface of a pedal (such as pedal 20 shown in Figures
19-22), while the female engagement component may
consist of the outsole of a shoe, or vice versa. In some
cases, it is desirable that the male engagement compo-
nent be designed with regard to the material character-
istics of the female engagement component such that
the friction generated between the two components is
optimized.
[0037] When used in the cycling context, the geometry
and size of the male engagement components (pins) dic-
tates how many male engagement components (pins)
will be placed on a pedal of a bike. In some embodiments,
only one pin is positioned on a pedal, although any
number of pins, such as between 12-24 pins or any other
suitable number, may be used. The number of pins used

on a pedal can provide different performance character-
istics. For example, a bigger pin, e.g., with a round diam-
eter, might be used on a pedal designed for average (non-
professional, but frequent) use so that the connection
between the pin and the female engagement component
is maintained while allowing the foot to rotate to positions
of less stress minimizing the potential for injury to the
knees and ankles and other body parts while going down-
hill and/or while the foot is rotated with respect to the
pedal. In one embodiment, several pins might be located
in a circular arrangement along one or more areas of the
pedal. In some embodiments, the one or more areas
might be placed on a rotatable insert on the pedal, or the
pins may be designed so the female engagement com-
ponent is capable of rotating when connected to the
pin(s). In some cases, the female engagement compo-
nent (the outsole of the shoe in some embodiments) is
fixed to the pins of the pedal but is still moveable (and in
some cases rotatable) so that the position of the shoe
can be adjusted on the pedal. In this way, the number of
pins, as well as the configuration of the pins, used with
a pedal can alter the friction/rotation properties of the
connection system.
[0038] In some embodiments, pins used in a cycling
context are between approximately 1 and 15 mm tall,
although the pins may have any suitable dimensions. In
some embodiments, the pins are between 4 mm and 10
mm tall. The pins may be of uniform size and shape or
may be irregular. In some cases, several different pins
may be placed on a pedal in regular or irregular distances.
The pins may be symmetrical or asymmetrical. In some
cases, pins are microstructures with heights of less than
1 mm. The pins and/or the pedal may be metal, or any
synthetic material or other durable material such as re-
newable natural materials. The pins may be placed on
one or more areas of the pedal or positioned over sub-
stantially the entire contact surface of the pedal.
[0039] The male engagement component 105 shown
in Figure 15 is a pin with a regular substructure having a
profile that generally follows contour 103. Similarly, the
pin 30 shown in Figures 19-22 has a profile that generally
follows a contour 33. The substructure (such as substruc-
ture 113 or substructure 36) is positioned on top of con-
tour (such as contour 103 or contour 33) such that it push-
es into the material of the female engagement compo-
nent (such as the female engagement component 40
shown in Figure 20).
[0040] Specifically, when the male engagement com-
ponent (in some cases, the pin 30 of Figure 20) contacts
the female engagement component (such as the female
engagement component 40 in Figure 20), a void 20 is
created in the material of the female engagement com-
ponent as shown in Figure 20. The void follows the shape
of the male engagement component (in some cases, the
pin), especially the tip 24 of the shape of the male en-
gagement component. As the male engagement compo-
nent (in some embodiments, pin 30) embeds into the
material of the female engagement component, the void
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20 enlarges and follows not only the tip 24, but begins to
follow the profile of the rest of the male engagement com-
ponent such as the contour 33 and/or the subelements
or substructures 36, as shown in Figure 21. Because the
subelements or substructures (such as substructures 36)
of the male engagement component sit on top of the con-
tour 33 along portions of the contour 33, the subelements
or substructures 36 are able to push into the material of
the female engagement component and the material
flows into the one or more subelements or substructures,
as also shown in Figure 21, and increases the strength
of the connection between the male and female engage-
ment components. Once the male engagement compo-
nent (such as pin 30) embeds substantially into the ma-
terial of the female engagement component (such as fe-
male engagement component 40) and the void 20 sub-
stantially follows the profile of the male engagement com-
ponent created by the contour 33 and the subele-
ments/substructures 36, the connection between the fe-
male and male engagement components is locked, as
shown in Figure 22.
[0041] As shown for example in Figure 15, the base of
the male engagement component 105 may comprise
threads 107 configured to engage with a recess of a pedal
and attach the male engagement component to the ped-
al. Threads 107 may be made of metal or a hard plastic.
In this particular embodiment, male engagement com-
ponent 105 includes a recess 109. Recess 109 is con-
figured to receive a tool, such as a hex-shaped tool, to
assist with installation of the pin on the pedal from the
top or bottom. In other embodiments, the male engage-
ment component is molded onto the pedal, adhered onto
the pedal, or attached by any other suitable means.
[0042] If more than one male engagement component
is used, the male engagement components may be po-
sitioned at any suitable distance from one another along
the pedal. Moreover, the male engagement components
may have any suitable shape and be of any suitable size
and profile, or any combination of shapes and sizes and
profiles. Some non-limiting examples of materials that
may be used to form the male engagement component
include plastics, metals, rubber, carbon, nylon, or other
light-weighted materials. A single pedal may include male
engagement components made of different materials.
[0043] In some embodiments, the male engagement
components (such as the pins) may be screwed or oth-
erwise affixed (such as by clips or other mechanical
means or glued or otherwise adhered) to the pedal, or
may be an integral part of the pedal. In some embodi-
ments, the pins may be individually placed on the pedal.
[0044] The male engagement components shown in
Figures 15 and 17 have a generally cylindrical shape.
The tip 111 of the male engagement component may be
rounded (as shown in Figure 15) or sharper (as shown
in Figure 16), pointed, or may be substantially flat. The
edges 113 of the male engagement component (which
in some cases are smaller scaled subelements or sub-
structures) may be straight, curved, or waved. These

edges may be uniform, sloped, tapered, or have any suit-
able configuration. The profile of the male engagement
component may be rounded, elliptical, concave, convex,
pyramid-shaped, cone-shaped, ring-like, mushroom/um-
brella-shaped, or crown-shaped. In some embodiments,
the male engagement component has a middle part that
is broadened and in other embodiments, the male en-
gagement component has a tip that is broadened when
compared to the rest of the structure. The cross-section
of the tip may be cylindrical, square, oval, triangular, hex-
agonal, or have any suitable shape.
[0045] Instead of a pin, the male engagement compo-
nents may be undercuts or rails (as shown in Figure 18).
Instead of multiple rails, the male engagement compo-
nent may be a single elongate rail as pictured in some
of the embodiments of Figure 18. The rails may be ori-
ented in any suitable way along a pedal, such as laterally
along the pedal or oriented in a circular fashion along the
pedal. If oriented in a circular fashion, the rails may make
up a rotatable area along the pedal so that the foot may
be rotated and still capable of engaging the rails.
[0046] In some embodiments, as detailed above, the
male engagement components are configured so that
they generate a suitable amount of friction between them-
selves and the female engagement component in which
they are capable of embedding to releasably attach one
item to another, such as an outsole of a shoe to a pedal.
In the context of shoes, sufficient pressure to embed the
male engagement components within the female en-
gagement component may be defined by weight applied
to the connection system by the person wearing the shoe.
For example, the pressure may vary from approximately
20 to approximately 150 kilograms, depending on the
age, gender, and body type of the user.
[0047] The coefficient of friction generated between
the male engagement components and the female en-
gagement component determines how quickly the com-
ponents decouple from one another once force is no long-
er applied to embed the male engagement component
within the female engagement component (and in some
cases, a second force is applied in one or more direc-
tions). In some cases, if the rebound speed of the material
of the female engagement component is slower than the
speed of the second force (which, in some cases, is a
lifting force), the second force is a positive force applied
to the pedal; if the rebound speed of the material of the
female engagement component is faster than the second
force (which, in some cases is a lifting force), the second
force is a negative force applied to the pedal.
[0048] Once the male engagement components have
embedded within the female engagement component,
the friction generated between the two components locks
the outsole of the shoe in position and restricts it from
moving in a generally horizontal direction H as well as
any diagonal directions. Locking the outsole of the shoe
in the non-vertical directions when the male engagement
components are embedded within the female engage-
ment component prevents the outsole from slipping off
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the pedal. Moreover, connecting the outsole with the ped-
al allows the cyclist to apply power during the entire pe-
daling cycle.
[0049] In some embodiment, the female engagement
component (such as the material of the outsole of the
shoe in some embodiments) is designed to have a sub-
stantially flat surface or to have a substantially flat surface
in areas that are in contact with the male engagement
component. In the context of shoes, the outsole may have
no tread pattern, or areas with no tread pattern.
[0050] Because of the properties of the female and
male engagement components and the amount of friction
generated between the components, the disclosed con-
nection system allows a cyclist to unlock/disengage the
connection between the female engagement component
and the male engagement components by releasing the
pressure imparted on the pedal in a generally vertical
direction (and in some cases, applying a sufficient force
in a desired direction, such as generally upward). The
extent to which the female engagement component flows
around the male engagement component and how quick-
ly it disengages from the male engagement component
depends on the shape and configuration of the male en-
gagement component and the recovery speed of the ma-
terial of the female engagement component, as de-
scribed above.
[0051] The dimensions and shape of the male engage-
ment component will vary depending on the application
with which it will be used. For example, a male engage-
ment component to be used within a truck will likely be
thicker and longer than one to be used with a bike pedal.
The male engagement component may project relative
to the structure with which it is used in any suitable man-
ner, such as generally vertically, generally horizontally,
or at any suitable angle. In some embodiments, the male
engagement component projects at an approximately 90
degree angle relative to the female engagement compo-
nent and/or the male engagement component, although
they may project at any suitable angle. If more than one
male engagement component is provided, the more than
one engagement components may be provided substan-
tially parallel to the others, in some cases regardless of
the shape/configuration of the structure from which it
projects.
[0052] In one non-limiting application, a portion of a
top surface of a transporting vehicle such as a plane,
automobile, truck, ship, forklift, flooring component, etc.
may include one or more male engagement components
or one or more female engagement components. Like-
wise, a bottom surface of a container or box or rack for
housing goods or the like may include the other of the
male and female engagement components. The one or
more male engagement components interact with the fe-
male engagement component as described throughout
this disclosure to releasably connect the two objects. If
desired, the top surface of the objects may have pins,
protrusions, or other suitable structure positioned to in-
teract with a female engagement component of another

object to stabilize the objects during stacking of the ob-
jects on top of one another.
[0053] The foregoing is provided for purposes of illus-
trating, explaining, and describing embodiments of the
present invention. The foregoing is not limited to use with
shoes or with cycling shoes, but may be used in many
other applications as described above. Further modifica-
tions and adaptations to these embodiments will be ap-
parent to those skilled in the art and may be made without
departing from the scope or spirit of the invention. Differ-
ent arrangements of the components depicted in the
drawings or described above, as well as components and
steps not shown or described are possible. Similarly,
some features and subcombinations are useful and may
be employed without reference to other features and sub-
combinations. Embodiments of the invention have been
described for illustrative and not restrictive purposes, and
alternative embodiments will become apparent to read-
ers of this patent. Accordingly, the present invention is
not limited to the embodiments described above or de-
picted in the drawings, and various embodiments and
modifications can be made without departing from the
scope of the claims below.
[0054] In the following, further examples are described
to facilitate the understanding of the invention:

1. A system comprising: a first device having a fe-
male engagement component comprising a material
with a rebound elasticity that is less than approxi-
mately 20% and an elongation of more than approx-
imately 600%; and a second device having at least
one male engagement component configured to
generate a predetermined amount of friction when
in contact with the female engagement component,
wherein the first device is capable of embedding
within the material of the female engagement com-
ponent to releasably attach the first device to the
second device when sufficient pressure is applied to
overcome the predetermined amount of friction.

2. The system of example 1, wherein the at least one
male engagement component is configured so that
the material of the female engagement component
flows or floats around the at least one male engage-
ment component when the sufficient pressure is ap-
plied.

3. The system of example 1, wherein the predeter-
mined amount of friction is selected to maximize a
contact area between the female engagement com-
ponent and the at least one male engagement com-
ponent.

4. The system of example 1, wherein the at least one
male engagement component comprises a base
having a first size and a shape and further comprises
at least one additional subelement or substructure
that projects from the base and that is smaller than
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the first size and that is substantially the same shape
as the base.

5. The system of example 1, wherein the at least one
subelement or substructure of the male engagement
component comprises a plurality of subelements or
substructures.

6. The system of example 1, wherein the pressure
is applied between the engagement components of
the two devices.

7. The system of example 1, wherein the first device
is an outsole of a shoe and the second device is a
pin on a pedal.

8. The system of example 1, wherein the first device
is a storable good.

9. The system of example 1, wherein the first device
is a transportable good.

10. A pedal comprising at least one pin that is capa-
ble of embedding within a material of a generally flat
section of an outsole to releasably attach the pedal
to the outsole, wherein the at least one pin comprises
a base having a first size and a shape and further
comprises at least one substructure or subelement
that projects from the base and that is smaller than
the first size and that is substantially the same shape
as the base.

11. The pedal of example 10, wherein friction gen-
erated between the at least one pin and the material
of the generally flat section when the at least one pin
is embedded within the material fixes a relative po-
sition of the pedal and the outsole when the outsole
applies pressure to the pedal.

12. The pedal of example 10, wherein the at least
one pin is configured so that the material flows or
floats around it when the generally flat region con-
tacts the pins and pressure is applied so the at least
one pin embeds within the material.

13. The pedal of example 10, wherein the attachment
between the pedal and the outsole is releasable in
a substantially vertical direction.

14. The pedal of example 12, wherein the generated
friction restricts or prevents the at least one pin from
slipping, sliding, or shifting in one or more directions
with respect to the generally flat surface.

15. A method of designing a male engagement com-
ponent for engagement with a female engagement
component made of a deformable material compris-
ing: (1) applying pressure to the female engagement

component using an elongate object until the object
extends into the material of the female engagement
component to a predetermined depth so that the ma-
terial deforms around the object to create a void; (2)
creating a profile for the male engagement compo-
nent that follows a profile of the void; and (3) adding
subelements or substructures to the male engage-
ment component that are smaller-sized versions of
the profile until the engagement of the male engage-
ment component with the female engagement com-
ponent produces a desired coefficient of friction.

16. The method of example 15, wherein the desired
coefficient of friction is such that the material of the
female engagement component flows or floats
around the male engagement component when suf-
ficient pressure is applied to overcome the desired
coefficient of friction.

17. The method of example 15, wherein the desired
coefficient of friction is such that the material of the
female engagement component stretches to sub-
stantially touch outer surfaces of the male engage-
ment component.

18. The method of example 15, further comprising
attaching the at least one male engagement compo-
nent with a pedal.

19. The method of example 15, further comprising
incorporating the material of the female engagement
component into an outsole of a shoe.

20. A pin designed according to the method of ex-
ample 15.

21. A pin designed according to the method of ex-
ample 16.

22. A pin for a bike pedal, wherein the at least one
pin comprises a base having a first size and a first
shape and further comprises at least one substruc-
ture or subelement that projects from the base and
that is smaller than the first size.

23. The pin of example 22, wherein the at least one
substructure or subelement has a shape that is sub-
stantially the same as the first shape of the base.

24. The pin of example 22, wherein the pin is integral
with the pedal.

25. The pin of example 22, wherein the pin is a sep-
arate component from the pedal and is configured
to be attached to the pedal.

26. A system comprising: a first device comprising
a female engagement component comprising a ma-
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terial with a rebound elasticity that is less than ap-
proximately 20% and an elongation of more than ap-
proximately 600%; and a second device comprising
at least one male engagement component having a
base shape, wherein a top of the base shape has a
curvature, wherein, when the at least one male en-
gagement component contacts the material of the
female engagement component, the top of the base
shape creates a void in the material.

27. The system of example 26, wherein the void is
curved to follow the curvature of the top of the base
shape when the male engagement component is
pressed into the material of the female engagement
component.

28. The system of example 26, wherein the male
engagement component comprises at least one sub-
structure or subelement.

29. The system of example 28, wherein the at least
one substructure or subelements is positioned on
the male engagement component along a contour
of the male engagement component.

30. The system of example 28, wherein the void is
curved to follow the curvature of the top of the base
shape and a profile of the at least one substructure
or subelement when the male engagement compo-
nent is pressed into the material of the female en-
gagement component.

31. The system of example 26, wherein the at least
one male engagement component is configured to
generate a predetermined amount of friction be-
tween the male engagement component and the fe-
male engagement component when the two are in
contact.

32. The system of example 26, wherein a geometry
of the at least one male engagement component is
selected to generate the predetermined amount of
friction.

Claims

1. A system comprising:

a first device comprising a female engagement
component (40) comprising a material with a re-
bound elasticity that is less than approximately
20% and an elongation of more than approxi-
mately 600%; and
a second device comprising at least one male
engagement component (30; 105) having a
base shape, wherein a top of the base shape
has a curvature,

wherein, when the at least one male engage-
ment component (30; 105) contacts the material
of the female engagement component (40), the
top of the base shape creates a void in the ma-
terial.

2. The system of claim 1, wherein the male engage-
ment component comprises at least one substruc-
ture or subelement.

3. The system of claim 2, wherein the at least one sub-
structure or subelements is positioned on the male
engagement component along a contour of the male
engagement component.

4. The system of claim 2, wherein the void is curved to
follow the curvature of the top of the base shape and
a profile of the at least one substructure or subele-
ment when the male engagement component is
pressed into the material of the female engagement
component.

5. The system of claim 1, wherein the at least one male
engagement component is configured to generate a
predetermined amount of friction between the male
engagement component and the female engage-
ment component when the two are in contact.

6. The system of claim 5, wherein a geometry of the at
least one male engagement component is selected
to generate the predetermined amount of friction.

7. The system of one of claims 5 - 6, wherein the first
device is capable of embedding within the material
of the female engagement component to releasably
attach the first device to the second device when
sufficient pressure is applied to overcome the pre-
determined amount of friction.

8. The system of claim 7, wherein the predetermined
amount of friction is selected to maximize a contact
area between the female engagement component
and the at least one male engagement component.

9. The system of claim 7, wherein the at least one male
engagement component comprises a base having a
first size and the base shape and wherein the at least
one additional subelement or substructure projects
from the base and is smaller than the first size and
is substantially the same shape as the base.

10. The system of claim 7, wherein the first device is an
outsole of a shoe and the second device is a pin on
a pedal.

11. A pedal comprising at least one pin (30; 105) that is
capable of embedding within a material of a generally
flat section of an outsole to releasably attach the ped-
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al to the outsole,
wherein the at least one pin (30; 105) comprises a
base having a first size and a base shape and further
comprises at least one substructure or subelement
that projects from the base and that is smaller than
the first size and that is substantially the same shape
as the base.

12. A pin (30; 105) for a bike pedal, wherein the at least
one pin (30; 105) comprises a base having a first
size and a base shape and further comprises at least
one substructure or subelement that projects from
the base and that is smaller than the first size.

13. The pin of claim 12, wherein the at least one sub-
structure or subelement has a shape that is substan-
tially the same as the base shape of the base.

14. The pin of claim 12, wherein the pin is integral with
the pedal.

15. The pin of claim 12, wherein the pin is a separate
component from the pedal and is configured to be
attached to the pedal.
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