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ABSTRACT

A differential-stiffness impact-attenuation member includes
at least one spring element. The spring element has dimen
sions in height, length and width directions. The height
dimension extends from atop surface to a bottom Surface. The
length dimension extends from a front end to a back end. At
least one of the top and bottom surfaces is adapted for mount
ing. The impact-attenuation member has a first stiffness char
acteristic in the height direction at the front end of the spring
element and a second stiffness characteristic in the height
direction at the back end of the spring element. The spring
element mav define a cavitv. A tension element mav engage

the spring N and be R at least partially E. E.

(51) Int. Cl.
A43B I3/28
A43B 13/18

(2006.01)
(2006.01)

cavity. The impact-attenuation member may engage at least
one of a foot-covering member, a foot-supporting member
and a Surface-contacting member associated with a foot-re

A43B 2L/26

(2006.01)

ceiving device.
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DIFFERENTAL-STIFFNESS
IMPACTATTENUATION MEMBERS AND
PRODUCTS INCLUDING THEMI
FIELD OF THE INVENTION

0001. This invention relates generally to impact-attenua
tion members and, in particular, to differential-stiffness
impact-attenuation members included, e.g., in articles of
footwear and other foot-receiving device products.
BACKGROUND

0002 Conventional articles of athletic footwear have
included two primary elements, namely an upper member and
a sole structure. The upper member provides a covering for
the foot that securely receives and positions the foot with
respect to the sole structure. In addition, the upper member
may have a configuration that protects the foot and provides
ventilation, thereby cooling the foot and removing perspira
tion. The sole structure generally is secured to a lower portion
of the upper member and generally is positioned between the
foot and the ground. In addition to attenuating ground or other
contact Surface reaction forces, the Sole structure may provide
traction and control foot motions. Such as pronation. Accord
ingly, the upper member and sole structure operate coopera
tively to provide a comfortable structure that is suited for a
variety of ambulatory activities, such as walking and running.
0003. The sole structure of athletic footwear generally
exhibits a layered configuration that includes a comfort-en
hancing insole, a resilient midsole, and a ground-contacting
outsole that provides both abrasion-resistance and traction.
The midsole is typically the primary sole structure element
that attenuates ground reaction forces and controls foot
motions. Conventionally, the midsole was formed from an
open- or closed-cell polymer foam material. Such as ethylvii
nylacetate or polyurethane, that resiliently compresses under
an applied load to attenuate ground reaction forces.
0004 Impact-attenuating elements for footwear have been
developed for various specific applications. For example, for
athletic footwear, which may be subjected to relatively high
impact forces, e.g., from running, jumping, twisting, chang
ing directions, and the like, it may be desirable to provide
increased impact-attenuation capabilities and/or increased
spring-back or recovery capabilities. Thus, in addition to
polymer foam materials, midsoles may also include, for
example, one or more fluid-filled bladders and moderators.
Other examples of Such impact-attenuating elements have
been described in U.S. Patent Application Publication No.
2006/0065499, titled “Impact Attenuating and Spring Ele
ments and Products Containing Such Elements.” filed Sep.
27, 2004; U.S. Patent Application Publication No. 2006/
0064900, titled “Impact Attenuating Devices and Products
Containing Such Devices.” filed Sep. 27, 2004; and U.S.
Patent Application Publication No. 2007/01 19074 titled
“Impact-Attenuation Members and Products Containing
Such Members.” filed Jun. 5, 2006, each of which application
is incorporated herein by reference in its entirety.
0005. These known impact-attenuating elements are sym
metric from front-to-back and side-to-side, and thus, they
provide symmetric impact-attenuation capabilities from one
end to the other and from one side to the other. In other words,

the stiffness and deflection characteristics of any of these
known individual impact-attenuating elements are the same
at opposite ends or opposite sides. Due to their symmetric

nature, when Subjected to an external, centrally-applied
impact load oran evenly distributed load, they deflector react
evenly to the loading.
0006 Ideally, the stiffnesses of different portions of an
article of footwear will be tailored to the footwear applica
tion. For example, a certain midsole stiffness may be desired
in the heel Zone for heel strike during running, while another
midsole stiffness may be more appropriate for walking
impacts. Thus, a stiffer impact-attenuating element may be
ideal for medial heel posting, while a softer stiffness may be
desired for the lateral heel area. Generally, the perimeter
sidewall impact-attenuation and stability desired in a midsole
is different from the interior impact-attenuation require
mentS.

0007. It would be desirable to provide an impact-attenua
tion member that reduces or overcomes some or all of the

difficulties inherent in prior known devices. Particular objects
and advantages will be apparent to those skilled in the art, that
is, those who are knowledgeable or experienced in this field of
technology, in view of the following disclosure of the inven
tion and detailed description of certain embodiments.
SUMMARY

0008 Aspects of this invention relate to impact-attenua
tion members and products in which they are used (Such as
footwear, other foot-receiving devices, and the like). In at
least Some examples, impact-attenuation members in accor
dance with at least Some example aspects of this invention
may include: a spring element having dimensions in height,
length and width directions, the height dimension extending
from a top to a bottom, and having at least one of the top and
the bottom adapted for mounting, the length dimension
extending from a front end to a back end; and wherein the
spring element has a first spring element stiffness character
istic in the height direction at the front end and a second
spring element stiffness characteristic in the height direction
at the back end.

0009. According to another aspect of the present inven
tion, an impact-attenuation member includes: a spring ele
ment characterized by dimensions in height, length and width
directions, the height dimension extending from a top surface
to a bottom surface, and at least one of the top surface and the
bottom Surface adapted for mounting, wherein at most one of
two mutually perpendicular planes, each extending in the
height direction, defines a plane of symmetry of the spring
element.

0010. In one embodiment, one of two mutually perpen
dicular planes, each extending in the height direction, defines
a plane of symmetry of the spring element.
0011. According to an aspect of the present invention, an
impact-attenuation member includes a spring element having
a truncated Substantially conical shape having a longitudinal
axis extending in a length direction. A mounting Surface is
provided on a lateral surface of the substantially conical
shape.
0012. According to another aspect of the present inven
tion, an impact-attenuation member includes a spring ele
ment having an axis extending from a top surface to a bottom
Surface, wherein at least one of the top and bottom Surfaces is
adapted for mounting, and having at least three non-contigu
ous lobes each extending radially outward from the axis and
further each extending from the top to the bottom surfaces.
The lobes may be substantially equally-rotationally-spaced
around the axis.
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0013 The spring element may define a cavity. Further, a
tension element may be located at least partially within the
cavity and may engage the spring element, the tension ele
ment extending across the cavity in the width direction. The
tension element may be substantially planar. Further, the ten
sion element may engage one or more receptacles in the
spring element.
0014. In accordance with another aspect, a foot-receiving
device includes: at least one of a foot-covering member, a
foot-Supporting member and a Surface-contacting member,
and at least one impact-attenuation member engaged with the
at least one of the foot-covering member, the foot-supporting
member and the Surface-contacting member, the impact-at
tenuation member comprising at least one spring element as
described herein. The spring element, for example, the top
Surface of the spring element, may be engaged with at least
one of a foot-covering member, a foot-Supporting member
and a surface-contacting member in a heel area and/or in a
forefoot area.

0015. According to a further aspect of the present inven
tion, a method of using an impact-attenuation member is
provided. The impact-attenuation member is characterized by
mutually perpendicular height, length and width dimensions,
the length dimension extending from a front end to a back
end, the impact-attenuation member having a spring element
and a tension element extending, at least partially across the
width dimension of the impact-attenuation member, between
a first engagement portion engaging the spring element and a
Second engagement portion engaging the spring element. The
method includes: decreasing the height dimension of the
impact-attenuation member at the front end as a function of a
first spring constant; decreasing the height dimension of the
impact-attenuation member at the back end as a function of a
second spring constant, wherein the second spring constant
differs from the first spring constant; and increasing a dis
tance between the first and second engagement portions,
thereby stretching the tension element. In one example struc
ture, the tension element engages a receptacle in the spring
element, and the method further includes: closing the recep

0022 FIG.1E illustrates atop view of the example impact
attenuation member of FIG. 1A in accordance with this inven
tion.

0023 FIG. 2A illustrates a perspective front view of
another example impact-attenuation member in accordance
with this invention.

0024 FIG. 2B illustrates a perspective back view of the
example impact-attenuation member of FIG. 2A in accor
dance with this invention.

(0025 FIG. 2C illustrates a front view of the example
impact-attenuation member of FIG. 2A in accordance with
this invention.

0026 FIG. 2D illustrates a back view of the example
impact-attenuation member of FIG. 2A in accordance with
this invention.

(0027 FIGS. 3A through 3I illustrate exemplary cross
sectional shapes of impact-attenuation members in accor
dance with this invention.

0028 FIGS. 4A through 4C illustrate exemplary place
ments of impact-attenuation members on an article of foot
wear in accordance with this invention.

(0029 FIGS. 5A through 5D illustrate exemplary place
ments of impact-attenuation members on the heel area of an
article of footwear in accordance with this invention.

0030 FIGS. 6A through 6C illustrate exemplary place
ments of impact-attenuation members on the forefoot area of
an article of footwear in accordance with this invention.

0031 FIG. 7 illustrates an exemplary cross-sectional
shape of even another example impact-attenuation memberin
accordance with this invention.

0032 FIG. 8 illustrates a perspective front view of another
example impact-attenuation member in accordance with this
invention.

0033 FIG. 9 illustrates a perspective front view of even
another impact-attenuation member in accordance with this
invention.

0034 FIG. 10 illustrates atop view of a tension element of
the impact-attenuation member of FIG. 9 in accordance with

tacle around the tension element.

this invention.

0016. These and additional features and advantages dis
closed here will be further understood from the following

0035 FIG. 11 shows a top view of an exemplary tension
element and an impact-attenuation member including the

detailed disclosure of certain embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

tension element in accordance with the invention.

0036 FIG. 12 shows a top view of another exemplary
tension element and an impact-attenuation member including
the tension element in accordance with the invention.

0017. A more complete understanding of the present
invention and certain advantages thereof may be acquired by
referring to the following description in consideration with
the accompanying drawings, in which like reference numbers
indicate like features.

0037 FIG. 13 shows a top view of a further exemplary
tension element and an impact-attenuation member including
the tension element in accordance with the invention.

0038 FIG. 14 shows a top view of even another exemplary
tension element and an impact-attenuation member including

0018 FIG. 1A illustrates a perspective front view of a first
example impact-attenuation member in accordance with this

the tension element in accordance with the invention.

invention.

attenuation member in accordance with the invention.

0019 FIG. 1B illustrates a perspective back view of the
example impact-attenuation member of FIG. 1A in accor

0021 FIG. 1D illustrates a back view of the example
impact-attenuation member of FIG. 1A in accordance with

0040 FIG. 16 shows a front view of another exemplary
impact-attenuation memberinaccordance with the invention.
004.1 FIG. 17 shows a front view of a further exemplary
impact-attenuation memberinaccordance with the invention.
0042 FIGS. 18A through 18C show a top view of even
another exemplary tension element, another exemplary
spring element and another exemplary impact-attenuation
member including the tension element in accordance with the

this invention.

invention.

dance with this invention.

0020 FIG. 1C illustrates a front view of the example
impact-attenuation member of FIG. 1A in accordance with
this invention.

0039 FIG. 15 shows a front view of an exemplary impact
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0043 FIG. 19 illustrates a method for engaging a tension
element with a spring element in accordance with the inven
tion.

0044 FIGS. 20A through 20 E illustrate another method
for engaging a tension element with a spring element in
accordance with the invention.

0045 FIGS. 21A through 21C illustrate exemplary place
ments of impact-attenuation members on the heel area of an

other devices for securing feet in pedals for use with bicycles,
exercise equipment, and the like; bindings, clips, or other
devices for receiving feet during play of video games or other
games; and the like.
0053 “Footwear” means any type of wearing apparel for
the feet, and this term includes, but is not limited to: all types
of shoes, boots, Sneakers, sandals, thongs, flip-flops, mules,
Scuffs, slippers, sport-specific shoes (such as golf shoes, bas

article of footwear in accordance with this invention.

ketball shoes, tennis shoes, baseball cleats, soccer or football

0046 FIG. 22 shows various stages (a), (b) and (c) of
compression of the exemplary impact-attenuation member of

cleats, ski boots, etc.), and the like.
0054 “Foot-covering members’ include one or more por
tions of a foot-receiving device that extend at least partially
over and/or at least partially cover at least Some portion of the
wearer's foot, e.g., so as to assistinholding the foot-receiving
device on and/or in place with respect to the wearer's foot.
“Foot-covering members' include, but are not limited to,
upper members of the type provided in some conventional
footwear products.
0055 “Foot-supporting members' include one or more
portions of a foot-receiving device that extend at least par
tially beneath at least some portion of the wearer's foot, e.g.,
So as to assist in Supporting the foot and/or attenuating the
reaction forces to which the wearer's foot would be exposed,
for example, when stepping down in the foot-receiving
device. “Foot-supporting members’ include, but are not lim
ited to, Sole members of the type provided in some conven
tional footwear products. Such sole members may include

FIG. 9 in accordance with this invention.

0047 FIGS. 23 and 24 illustrate a foot-receiving device in
accordance with this invention, wherein FIG. 23 shows the

impact-attenuation members in an undeformed State and FIG.
24 shows the impact-attenuation members in a deformed
(compressed) state.
0048. The figures referred to above are not drawn neces
sarily to Scale and should be understood to provide a repre
sentation of the invention, illustrative of the principles
involved. Some features of the foot-receiving devices
depicted in the drawings may have been enlarged or distorted
relative to others to facilitate explanation and understanding.
Foot-receiving devices as disclosed herein would have con
figurations and components determined, in part, by the
intended application and environment in which they are used.
DETAILED DESCRIPTION

0049. In the following description of various example
embodiments of the invention, reference is made to the

accompanying drawings, which form a part hereof, and in
which are shown by way of illustration various example
devices, systems, and environments in which aspects of the
invention may be practiced. It is to be understood that other
specific arrangements of parts, example devices, systems, and
environments may be utilized and structural and functional
modifications may be made without departing from the scope
of the present invention. Also, while the terms “top” “bot
tom.” “side,” “front,” “rear,” “upper,” “lower,” “vertical.”
“horizontal.” and the like may be used in this specification to
describe various example features and elements of the inven

conventional outsole, midsole, and/or insole members.

0056 “Surface-contacting members’ include at least
Some portions of a foot-receiving device structure that contact
the ground or any other Surface in use, and/or at least some
portions of a foot-receiving device structure that engage
another element or structure in use. Such 'surface-contacting
members' may include, for example, but are not limited to,
outsole elements provided in some conventional footwear
products. "Surface-contacting members’ in at least some
example structures may be made of suitable and conventional
materials to provide long wear, traction, and protect the foot
and/or to prevent the remainder of the foot-receiving device
structure from wear effects, e.g., when contacting the ground
or other Surface in use.

tion, these terms are used herein as a matter of convenience,

e.g., based on the example orientations shown in the figures,
orientations at rest, and/or orientations during typical use.
Nothing in this specification should be construed as requiring
a specific three-dimensional orientation of structures in order
to fall within the scope of this invention.
0050. To assist the reader, this specification is broken into
various subsections, as follows: Terms; General Description
of Differential-Stiffness Impact-Attenuation Members and
Products Containing Them: Specific Examples of the Inven
tion; and Conclusion.

B. GENERAL DESCRIPTION OF
DIFFERENTIAL-STIFFNESS
IMPACT-ATTENUATION MEMBERS AND
PRODUCTS CONTAINING THEM

0057. In general, aspects of this invention relate to impact
attenuation members and products in which they are used
(such as footwear, other foot-receiving devices, heel cage
elements, and the like), and methods of using them in Such
products. These and other aspects and features of the inven
tion are described in more detail below.

0.058
A TERMS

0051. The following terms are used in this specification,
and unless otherwise noted or clear from the context, these

terms have the meanings provided below.
0052 “Foot-receiving device' means any device into
which a user places at least some portion of his or her foot. In
addition to all types of footwear (described below), foot
receiving devices include, but are not limited to: bindings and
other devices for securing feet in Snow skis, cross country
skis, water skis, Snowboards, and the like; bindings, clips, or

1. Differential Stiffness Impact-Attenuation Mem

bers

0059) Impact-attenuation members in accordance with at
least some example aspects of this invention include: a spring
element defining a cavity, the spring element having dimen
sions in height, length and width directions, the height dimen
sion extending from a top to a bottom, and having at least one
of the top and the bottom adapted for mounting, the length
dimension extending from a front end to a back end; and
wherein the impact-attenuation member has a first stiffness
characteristic in the height direction at the front end of the
spring element and a second stiffness characteristic in the
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height direction at the back end of the spring element. In the
context of this aspect of the invention, a stiffness character
istic is associated with a spring constant of the impact-attenu

Thus, a centrally applied impact load or an evenly and cen
trally distributed load could cause the impact-attenuation

ation member. The stiffness characteristic is a measure of how

0064. Impact-attenuation members in accordance with
certain example aspects of this invention include a spring
element defining a cavity, the spring element having height,
length and width dimensions, the height dimension extending
from a top surface to a bottom surface, and having at least one
of the top surface and the bottom surface adapted for mount
ing; wherein the width dimension of the spring element varies
linearly along at least a portion of the length of the spring
element. In Such members, when a force, for example, an
impact load, is applied to the spring element so as to decrease
the height dimension, the spring element may exert a non
constant force over its length that seeks to restore the impact
attenuation member back to its original configuration. Fur
ther, due to the variation in the width dimension of the spring
element along at least a portion of the length of the spring
element, the spring element may have a varying stiffness
characteristic along its length, i.e. the stiffness of the spring
element may vary along at least a portion of the length of the
spring element. This may result in a varying change in the
height dimension of the spring element, even upon the appli
cation of an evenly distributed force.
0065. The impact-attenuation member may come in a
wide variety of different physical structures without depart
ing from the invention. For example, the spring element may
have a substantially conical shape, including variations
thereof. A substantially conical shape includes a true conical
shape. A characteristic of the conical shape is that a width
dimension at one end is greater than the width dimension at
the other end. The cone may be narrow or wide, i.e. the angle
of the sidewalls to one another (the interior two-dimensional
angle of the conical apex) may range from acute to obtuse.
Further, the spring element need not be a “true” truncated
conical shape, but may be a Substantially truncated conical
shape, i.e. the spring element may deviate in one or more
characteristics from a perfectly conical shape. For example,
the cross-section of a Substantially “conically-shaped spring
element may be more elliptical (or “squashed') than circular.
0066. As another example, the substantially conically
shaped spring element may include flat portions or sides.
Such flat portions may be in combination with curved por
tions. Thus, by way of non-limiting example, the Substan
tially conical spring element may have multiple flat sides Such
that the Substantially conical spring element is pyramidally
shaped or quasi-pyramidally shaped. The pyramidally
shaped or quasi-pyramidally shaped spring element could

stiff the spring is. A spring that is very hard to extend (or
compress) has a large spring constant. A spring that is easy to
extend (or compress) has a small spring constant. The stiff
ness characteristic is related to the force developed in the
member for any given deflection (i.e. compression or exten
sion) of the member. Conversely, the stiffness characteristic is
related to the deflection of the member for any given force
applied to the member. The stiffness characteristic may also
be related to the amount of energy stored in the impact
attenuation member when the member is subjected to an
impact load, and the amount of energy released when the load
is released from the member. A stiffness characteristic of the

impact-attenuation member need not be a constant, but may
vary with a deflection of the impact-attenuation member.
0060. In such members, due to the different stiffness char
acteristics of the impact-attenuation member at the front and
back ends of the spring element, when a force is applied in the
height direction, the height dimension of the front end of the
spring element may decrease more or less than the height
dimension of the back end of the spring element. Addition
ally, due to the different stiffness characteristics of the
impact-attenuation member at the front and back ends of the
spring element, the spring element may exert a force at its
front end, seeking to restore the impact-attenuation member
back to its original configuration, which differs from a restor
ing force exerted at its back end.
0061 Stiffness characteristics typically are functions of
the physical dimensions of the elements and the material
characteristics of the elements. Thus, a spring element
formed of a single material but having different dimensions at
the front end as compared with the back end, will have dif
ferent stiffness characteristics at the frontend than at the back

end. Similarly, a spring element having the same dimensions
at the front end as at the back end but having different mate
rials at the front end as compared with the back end, may have
different stiffness characteristics at the front end than at the

back end. In both exemplary aspects, there is a first stiffness
characteristic of the element at the frontendanda second (and
different) stiffness characteristic of the element at the back
end

0062 Impact-attenuation members in accordance with at
least some other example aspects of this invention include a
spring element characterized by dimensions in height, length
and width directions, the height dimension extending from a
top surface to a bottom Surface, and at least one of the top
Surface and the bottom Surface adapted for mounting. In this
exemplary aspect, at most one of two mutually perpendicular
planes, each extending in the height direction, defines a plane
of symmetry of the spring element. For example, a plane
extending in the height and length directions is mutually
perpendicular to a plane extending in the height and width
directions. According to this aspect, at most one of these
planes could define an plane of symmetry of the spring ele
ment. Thus, this exemplary aspect excludes impact-attenua
tion members wherein two mutually perpendicular planes,
each extending in the height direction, define a plane of sym
metry of the spring element.
0063. In such members the non-symmetry of the spring
element allows the impact-attenuation member to react to
symmetrically applied loads in a non-symmetrical fashion.

member to deflect more at one end than at another end.

have three, four, five or more sides. Further, the sides need not

have identical shapes, curvatures, areas or interior angles.
Further, the sides of the substantially conical spring element
may include steps, such as right-angle steps in the manner of
a Mayan pyramid, oblique steps, Smoothed (i.e. rounded)
steps, sloped steps, etc.
0067. In one aspect of the invention, the spring element
may have a truncated Substantially conical shape. The trun
cation Surfaces need not be planar, but may be convex or
concave or a combination thereof.

0068 Certain impact-attenuation members may embody
even other physical structures without departing from the
invention. Thus, for example, in another aspect of the inven
tion, the spring element need not be symmetrical side-to-side.
As a non-limiting example, one side of a spring element may
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be configured as half of a truncated Substantially conical
shape, while the other side may be configured as half of a
cylindrical shape.
0069 Certain other impact-attenuation members may
embody even other physical structures without departing
from the invention. In one aspect, the spring element may
have a rotationally symmetric shape having different stiffness
characteristics at least two opposite sides. A tri-lobed or tri
legged spring element is an example of such a spring element.
According to this embodiment, the spring element could have
any odd number of evenly or unevenly spaced legs. For
example, the spring element may be a hollow sphere, or
Substantially spherical shape, having three orange-slice
shaped wedge openings (or other shaped openings) cut into
the hollow sphere thereby defining three legs therebetween.
The three openings and the three legs may be rotationally
symmetric. Further a Substantially spherical shape may
include flattened, flying-saucer type shapes. A substantially
spherical shape may also include a faceted spherical shape,
including facets running longitudinally, facets running latitu
dinally, or both (much like a disco-ball). The substantially
spherical shape may even further include steps at the inter
sections of the facets.

0070 According to another embodiment, the spring ele
ment need not be rotationally symmetric. Thus, by way of
non-limiting example, the spring element could have an even
number of unevenly spaced lobes or legs. Alternatively, the
spring element could have any number of evenly or unevenly
space lobes or legs, wherein the stiffness characteristics and/
or other defining features of the individual lobes or legs differ
from one another. For example, the spring element could have
a basic shape that is substantially elliptical in nature with
cut-outs or openings forming multiple noncontiguous lobes
or legs.
0071. According to certain aspects of the invention, the
spring element includes a cavity. The cavity may be com
pletely enclosed or may be open at one or more openings. In
one aspect, the spring element is essentially hollow. In
another aspect, the cavity is configured as a throughbore
having openings at opposite ends of the spring element. The
cavity could be of any suitable shape. Further, it could be
symmetrical or non-symmetrical and centrally or non-cen
trally located within the spring element. The wall thicknesses
of the spring element around the cavity need not be constant,
but, for example, could vary around the circumference and/or
from front-to-back along the length.
0072 At least one surface of the spring member may be
adapted for engaging an external structure. Such as a portion
of a foot-receiving device. The foot-receiving device may be
an article of footwear including at least one of a foot-covering
member, a foot-Supporting member, a Surface-contacting
member (e.g., an upper, a sole structure (such as a midsole),
an outsole member, etc.). For example, the spring member
may be provided with a surface that complements the surface
of the external structure and is suitable for adhesive attach

ment. As another example, the spring member may optionally
be adapted for engaging an external structure in a releasable
or removable manner (e.g., so as to allow exchange of one
impact-attenuation member or a portion thereof for another,
to allow re-orientation of the impact-attenuation member or a
portion thereof, etc.). As another example, the external struc
ture may be a base plate, optionally forming a portion of the
footwear structure, that serves as a base for holding or engag
ing multiple spring members.

0073. The spring element of the impact-attenuation mem
ber may be made of any desired number of parts, pieces, or
sections without departing from the invention. In some
examples, the spring element may be formed as a unitary
body. In another example, the spring element may be formed
of two Substantially symmetrical halves arranged to face one
another to provide a cavity. As a further example, the spring
element may be initially formed of two or more unsymmetri
cal body portions, which may be releasably or non-releasably
joined together to form a one-piece spring element. Thus, the
various body portions may be identical to one another, sym
metrical or asymmetrical, mirror images of one another, or
different from one another (e.g., different sizes, shapes,
dimensions, orientations within the overall impact-attenua
tion member, etc.) without departing from this invention.
0074 The spring element may be made from any suitable
or desired material. Such as polymeric materials, metallic
materials and/or a combination thereof capable of changing
shape, size, and/or orientation when a force is applied thereto
and returning back to or toward their original shape, size,
and/or orientation when the force is relieved or relaxed. As

more specific examples, the spring element may be made
from a polymeric material, such as PEBAX(R) (a polyether
block co-polyamide polymer available from Atofina Corpo
ration of Puteaux, France). AS very specific, non-limiting,
examples, the spring element may be made of PEBAX(R)
(5533 or PEBAX(R) 6333. The size, construction, orientation,
material, and/or other properties of the spring element may be
freely selected and varied, e.g., to change the overall stiffness,
rebound, and/or spring constant characteristics of the impact
attenuation member.

0075. In accordance with at least certain aspects of the
invention, the impact-attenuation member may include one or
more tension elements. The tension element engages the
spring element, directly or indirectly, and stretches under the
force applied to the spring element. The tension element
operates to restore the impact-attenuation memberto its origi
nal configuration.
0076. In the context of this aspect of the invention, the
stiffness characteristic associated with the impact-attenuation
member may be a function of both a stiffness characteristic of
the spring element and a stiffness characteristic of the tension
element. For example, the stiffness characteristic of the
impact-attenuation member may be associated with a stiff
ness characteristic of the spring element in parallel with a
stiffness characteristic of the tension element. Further, the

initial stiffness of the impact-attenuation member (i.e. the
stiffness characteristic when a load or force is first applied to
the impact-attenuation member) may be only a function of the
stiffness characteristic of the spring element. As more load is
applied to the impact-attenuation member, the stiffness char
acteristic may become a function of both the stiffness char
acteristic of the spring element and the tension element. The
stiffness characteristic of one or the other of the spring ele
ment and the tension element may dominate the stiffness
characteristic of the impact-attenuation element at a given
load. Thus, it is apparent that the stiffness characteristic of the
impact-attenuation member need not actually be a constant,
but may vary with the deflection of the impact-attenuation
member.

0077. A wide variety of tension element shapes and con
structions are possible without departing from this invention.
In accordance with Some examples of this invention, the
tension element may include a planar element. The term
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“planar includes elements that are substantially planar, i.e.
elements that have a two-dimensional characteristic, but that

may deviate from the perfect plane. Thus, a planar tension
element may have an overall curvature. Further, the thickness
of the planar tension element may vary as it extends across the
cavity—going from thin to thick, or thin to thick to thin, or
Vice versa, for example. To maintain its two-dimensional
characteristics, it is expected that the thickness of a planar
element, generally and over most of its area, would not exceed
one-tenth of the other two maximum dimensions. Optionally,
a variation in thickness of the planar element could be
repeated Such that the tension element may be wavy or crenel
lated, for example. The variation in thickness could be regular
or irregular. Similarly, a planar tension element could be
configured as an undulating plane, with the height of the
undulations taken as a proxy for the thickness of the element.
The undulations may be regular or irregular, Smooth, trian
gulated, square, of constant or varying wavelength or ampli
tude, etc. As another option, a planar tension element may
include ripples, indentations, waves, striations, or other tex
tures on its surface. Further, the planar element may include
holes, cutouts, etc.

0078. The tension element may be made from any suitable
or desired material. Such as polymeric materials, metallic
materials and/or a combination thereof that are capable of
changing shape, size, and/or orientation when a force is
applied thereto and returning back to or toward their original
shape, size, and/or orientation when the force is relieved or
relaxed. An example of a suitable material is a synthetic or
natural rubber or polymeric material (such as an elastomeric
material) that is capable of stretching under tensile force and
then returning (or Substantially returning) to or toward its
original size and shape when the force is relieved or relaxed.
As more specific examples, the tension element may be made
from a polymeric material, such as DESMOPANR) (a ther
moplastic polyurethane material available from Bayer AG of
Leverkusen, Germany) or PEBAX(R) (a polyether-block co
polyamide polymer available from Atofina Corporation of
Puteaux, France). As very specific, non-limiting, examples,
the tension element may be made of PEBAX(R) 2533,
PEBAX(R) 3533, PEBAX(R) 4033, PEBAX(R) 5533, or
PEBAX(R) MX 1205. The size, construction, orientation,

material, and/or other properties of the tension element may
be freely selected and varied, e.g., to change the overall stiff
ness, rebound, and/or spring constant characteristics of the
impact-attenuation member.
0079. In accordance with other examples, the tension ele
ment may be formed of one or more members. The one or
more members need not be manufactured of the same or

similar materials. As an example, a tension element could
include a central element coupled to tension element arms
extending from the central element to a perimeter of the
cavity. The central element could be polymeric and the arms
could be metallic, or vice versa, or any combination of mate
rials. Any desired number of arms and any arrangement of the
arms are possible without departing from this invention. For
example, in some tension element configurations, a central
planar element may extend essentially or Substantially all the
way to the cavity walls and the arms could be relatively short.
In another example, two or more relatively long arms may
extend from opposite sides of a relatively compact central
element. The arms may be planar or non-planar and having
the same or differing lengths and/or thicknesses from each
other. In one aspect, the arms may be co-formed with the

central element or may be formed separately from the central
element and then Subsequently joined to the central element.
As another example, one or more tension element arms may
extend from the central element in parallel with one another,
or radiating from a central axis, or at any of various angles.
The tension element arms may be evenly or unevenly spaced
from one another.

0080. The tension element may be located, wholly or at
least partially, within the cavity of the spring element (e.g.,
within the interior space defined by the spring element).
Engagement portions on the tension element allow the ten
sion element to be coupled to or engaged with the spring
element. Complementary engagement portions are provided
on the spring element. Thus, for example, the tension element
may have enlarged engagement portions formed at opposite
ends configured for slidably engaging a channel formed in the
spring element. In one aspect, the spring element may define
one or more engagement portions within the cavity to enable
mounting of and engagement with the tension element. A
wide variety of tension element and complementary spring
element engagement portion configurations are considered
possible without departing from the invention. For example,
an engagement portion for one of the tension element or
spring element may define a chamber, receptacle, notch, pas
sage, etc. into which a portion of the other of the tension
element or spring element fits.
I0081. Also, if desired, the tension element may be remov
ably or releasably engaged with the tension element engage
ment portions, e.g., to allow re-orientation of the tension
element, interchange of tension elements, etc. For example,
the tension element may slidably engage the spring element.
In other examples, the tension element may snap into, be
clamped to, or be otherwise removably fastened to the spring
element. Engagement of the tension element could be accom
plished by hand, by use of a hand tool or by machine. Further,
engagement of the tension element with the spring element
could be accomplished at a factory or at a point of sale (i.e. a
retail store). Engagement of the tension element with the
spring element at the point of sale allows for customization of
the differential-stiffness characteristics of the impact-attenu
ation members at the point of sale.
I0082 In accordance with other exemplary aspects of the
invention, the spring element and the tension element may be
non-releasably or permanently engaged to each other. For
example, the spring element and the tension element may be
formed as a unitary body. Optionally, in an over-molding
operation, the tension element may be molded right into the
spring element during formation of the spring element. In
another example, the spring element and the tension element
may be initially formed as two or more separate elements,
which are subsequently non-releasably joined together to
form a one-piece impact-attenuation member. Non-releas
able joining methods may include, for example, over-mold
ing, adhesive bonding, locking Snap fits, etc.
I0083. According to at least some example aspects of the
present invention, a method of using an impact-attenuation
member of the type described above, and including any of the
various structures and features described above, is provided.
The method includes: decreasing the height dimension of the
impact-attenuation member at the front end as a function of a
first spring constant and decreasing the height dimension of
the impact-attenuation member at the back end as a function
of a second spring constant, wherein the second spring con
stant differs from the first spring constant. When an applied
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load is evenly distributed over the member, this method
would result in the front and back ends of the member

decreasing in height by different amounts. If the applied load
is unevenly distributed over the impact-attenuation member,
the decrease in height of the frontend may be substantially the
same as the decrease in height of the back end, but the restor
ing force developed in the impact-attenuation member at the
front end may differ from the restoring force developed in the
impact-attenuation member at the back end. According to
certain aspects, the method includes increasing a distance
between first and second engagement portions of an included
tension element, thereby stretching the tension element.
0084 2. Foot-Receiving Device Products Including Dif
ferential Stiffness Impact-Attenuation Members and Meth
ods of Using Such Products
0085 Additional aspects of this invention relate to foot
receiving device products, such as articles of footwear (in
cluding athletic footwear), that include impact-attenuation
members, e.g., of the types described above. As a more spe
cific example, foot-receiving device products, such as articles
of footwear, in accordance with at least Some examples of this
invention may include: (a) a foot-covering member (Such as
an upper member for an article of footwear); (b) a foot
Supporting member (Such as a sole structure for an article of
footwear) engaged with the foot-covering member; (c) a Sur
face-contacting member, and (d) one or more impact-attenu
ation members engaged with at least one of the foot-covering
member, the foot-supporting member or the Surface-contact
ing member. The impact-attenuation member(s) may have a
wide variety of structures and features, including any of the
various structures and features described above.

I0086. The impact-attenuation member(s) may be located
at any desired position in a foot-receiving device product
structure. For example, in accordance with at least some
examples of this invention, the impact-attenuation member(s)
may be located in a heel area, a forefoot area, and/or other
areas of an article of footwear or other foot-receiving device
product, e.g., as part of the sole structure or foot-supporting
member structure. Also, the impact-attenuation member(s)
may be incorporated into a foot-receiving device product in
any desired manner without departing from this invention.
For example, if desired, the impact-attenuation member(s)
may be included at locations and orientations so as to be at
least partially visible from an exterior of the article of foot
wear. Alternatively, if desired, the impact-attenuation mem
ber(s) may be hidden or at least partially hidden in the overall
footwear or foot-receiving device product structure. Such as
within the foam material of a midsole element, within a

gas-filled bladder member, etc. Also, any number of indi
vidual impact-attenuation member structures may be
included in an article of footwear or other foot-receiving
device product without departing from this invention.
0087 Specific examples of structures according to the
invention are described in more detail below. The reader

should understand that these specific examples are set forth
merely to illustrate examples of the invention, and they
should not be construed as limiting the invention.
C. SPECIFIC EXAMPLES OF THE INVENTION

0088. The various figures in this application illustrate
examples of impact-attenuation members, as well as products
and methods according to examples of this invention. When
the same reference number appears in more than one drawing,
that reference number is used consistently in this specifica
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tion and the drawings to refer to the same or similar parts
throughout. In the description above and that which follows,
various connections and/or engagements are set forth
between elements in the overall structures. The reader should

understand that these connections and/or engagements in
general and, unless specified otherwise, may be direct or
indirect and that this specification is not intended to be lim
iting in this respect.
I0089 FIGS. 1A through 1E illustrate an impact-attenua
tion member 100 in accordance with an example of this
invention. Member 100 includes a spring element 102. In the
example embodiment of FIGS. 1A-1E, spring element 102
has three dimensions: length (l), width (w) and height (h),
associated with three mutually perpendicular directions:
length (L), width (W) and height (H) directions.
0090 Spring element 102 is shown as having a hollow,
substantially truncated cone shape. Cavity 104 is provided
within spring element 102. In the example of FIGS. 1A-1E,
spring element 102 is not exactly conical, but rather has a
“squashed, somewhat elliptical cross-section. Further, the
wall thickness (t) of spring element 102 varies around the
quasi-elliptical circumference.
0091. The length dimension (1) of spring element 102
extends from a front end or surface 110 to a back surface 112.

Front surface 110 is shown as being substantially convexly
curved. Back surface 112 is shown as being substantially
concavely curved. The height dimension (h) of spring ele
ment 102 extends from a top surface 120 to a bottom surface
122. Both top surface 120 and bottom surface 122 are shown
with flat portions adapted for mounting. Specifically, a first
flat portion 124 is provided on top surface 120; a second flat
portion 126 is provided on bottom surface 122. The width
dimension (w) of spring element 102 extends from a first side
surface 130 to a second side surface 132. Side surfaces 130,
132 extend from front surface 110 to backend or surface 112.

In FIGS. 1A-1E, and as best shown in FIG. 1E, the width

dimension (wf) of spring element 102 at the front surface 110
differs from the width dimension (wb) of spring element 102
at the back surface 112. Furthermore, in this example embodi
ment, the width dimension (w) varies linearly along at least a
portion of the length of spring element 102.
0092. Due to the different dimensions of spring element
102 at front surface 110 and back surface 112, the stiffness

characteristic in the height direction of the front surface dif
fers from the stiffness characteristic of the back surface. In

other words, the front surface and the back surface will com

press different amounts under the same and/or an evenly
applied force or load.
0093. As an example, referring to FIGS. 1A and 1B, when
a force or load (F) is centrally applied to top surface 120 and
reacted by bottom surface 122, spring element 102 is com
pressed in the height direction, i.e. the height dimension (h1)
of spring element 102 at the front surface 110 is reduced a
certain amount (Ah1) and the height dimension (h2) at the
back surface 112 is reduced a certain amount (Ah2). Due to
the differential stiffness characteristics of the spring element
at its front and back surfaces, the amount of reduction Ah1
differs from the amount of reduction Ah2. At the same time

the width dimension (w) of spring element 102 is increased.
Upon removal of the force, spring element 102 returns to its
non-deformed configuration and energy that was stored in
spring element 102 due to its elastic deformation is released.
(0094. When viewed from the top, as best illustrated in
FIG.1E, the cross-sectional shape of spring element 102 may
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Substantially be a truncated sector of a circle having a sector
angle (0). As shown in FIG. 1E in this example structure 100,
front surface 110 closely follows a circular arc, whereas back
surface 112 deviates from a true circular arc.

0095 FIG. 1E also illustrates another characteristic of the
spring element 102. A first plane P1 extending in the height
direction and the length direction can be positioned so as to
symmetrically bisect spring element 102. However, a second
plane P2 extending in the height direction and the width
direction, thereby being mutually perpendicular to the first
plane, cannot be positioned anywhere so as to symmetrically
bisect spring element 102. Indeed, of any two mutually per
pendicular planes, each extending in the height direction,
there is no placement that would result in the spring element
being symmetrically bisected by both planes. In other words,
at most, one of two mutually perpendicular planes, each
extending in the height direction, defines a plane of symmetry
of spring element 102. In FIG. 1E, one plane (P1) defines a
plane of symmetry of the spring element.
0096) Cavity 104 is formed within spring element 102. In
the embodiment of FIGS. 1A-1E, cavity 104 is open at front
surface 110 and open at back surface 112 and extends from
cavity side wall 105 to cavity side wall 107. As best shown in
FIGS. 1C and 1D, cavity 104 may include receptacles 106
defined by side walls 105,107. Receptacles 106 extend along
the length of spring element 102.
0097 FIGS. 2A through 2D illustrate an impact-attenua

0102. When a force or load is applied to top surface 120
and reacted by bottom surface 122, spring element 102 is
compressed in the height direction, i.e. the height dimension
(h) of spring element 102 is reduced. Receptacles 106 close
down and increase their grip on enlarged portions 152, 154 of
tension element 150. At the same time, as the width dimen

sion (w) of spring element 102 is increased, the width dimen
sion oftension element 150 is increased. Upon removal of the
force, spring element 102 and tension element 150 return to
their non-deformed configurations and energy that was stored
in spring element 102 and intension element 150 due to their
elastic deformations is released.

0103) As will be apparent to persons of skill in the art given
the benefit of the disclosure of this application, the stiffness
characteristics of the impact-attenuation members of the
present invention are functions of the physical dimensions
and configurations of spring element 102 and/or tension ele
ment 150 and also of the materials used to form spring ele
ment 102 and tension element 150. It will also be apparent to
persons of skill in the art given the disclosure of this applica
tion that pairing any given configuration of spring element
102 with differing configurations and/or materials oftension
element 150 would result in different stiffness characteristics

for the impact-attenuation members. Thus, the stiffness char
acteristics for the impact-attenuation members may be tai
lored to specific applications by tailoring the individual stiff
ness characteristics of one or both of the spring element 102

tion member 100 in accordance with another embodiment of

and the tension element 150.

this invention. Member 100 includes a spring element 102,

0104 Cross-sectional shapes of spring element 102, when
viewed from the top, according to various example embodi
ments of the present invention are illustrated in FIGS. 3A-31.
FIG. 3A illustrates an embodiment of spring element 102

similar to that described above, and further includes a tension

element 150. Tension element 150 is located within cavity
104 and extends across the width dimension of cavity 104.
Specifically, tension element 150 extends across cavity 104
and engages spring element 102 at receptacles 106.
0098. In FIGS. 2A-2D, tension element 150 is substan
tially planar. On either side of tension element 150 are pro
vided enlarged portions 152, 154. Enlarged portions 152, 154
are configured to engage receptacles 106. The engagement
may be accomplished via relative sliding of the enlarged
portions 152, 154 with receptacles 106, via snap-in motion
accompanied by elastic deformation of the enlarged portions
152, 154 and/or of receptacles 106, or via a combination of
relative sliding and Snap-in motion. Further, the engagement
oftension element 150 to spring element 102 could be releas
able or non-releasable.

0099 Tension element 150 need not be planar, nor need
tension element 150 be a unitary piece. Thus, tension element
150 may be formed of two or more pieces, each extending
across a portion of the cavity width dimension. Further, the
pieces may be releasably or nonreleasably coupled to one
another.

0100 Furthermore, more than one tension element may be
associated with any one spring element 102. Thus, by way of
non-limiting example, first and second planar tension ele
ments may be stacked one on top of another in the height
direction of spring element 102 or first and second tension
elements may be positioned side-by-side in the length direc
tion of spring element 102.
0101 Tension element 150 may have substantially the
same cross-sectional shape as cavity 104 of spring element
102, when spring element is viewed from the top (see FIGS.
3A-3I). Alternatively, tension element 150 may extend out
side cavity 104 or tension element 150 may lie completely
within the boundaries of cavity 104.

wherein the front surface 110 and the back surface 112 are not

curved, but rather are flat. In cross-section, side walls 130,

132 of spring element 102 are angled in from front surface
110 to back surface 112 in a straight line, and thus, the width
dimension varies linearly along the length of the spring ele
ment. In this particular embodiment, side walls 136 and 138
of cavity 104 extend in straight lines from front surface 110 to
back surface 112. Furthermore, side walls 136, 138 of cavity
104 are parallel to one another. The parallel side walls 136,
138 of the embodiment of FIG. 3A would facilitate a sliding
insertion/engagement of any tension element 150 having cor
responding parallel side Surfaces.
0105 FIG. 3B illustrates an embodiment of spring 102
wherein both the front surface 110 and the back surface 112

are true circular arcs. Front surface 110 is convexly curved:
back surface 112 is concavely curved. Side walls 130, 132 of
spring element 102 follow the radial lines of the circle defin
ing the sector. The width dimension varies linearly along the
length of the spring element 102. Side walls 136, 138 of
cavity 104 extend in straight lines from front surface 110 to
back surface 112 and are shown parallel to side walls 130,
132, respectively. Insertion/engagement of a tension element
having angled side Surfaces corresponding to side walls 136,
138 of the spring element shown in FIG.3B would most likely
require a Snapping or relative deformation of the spring ele
ment and/or the tension element.

0106 FIG. 3C illustrates an embodiment of spring 102
wherein the front surface 110 is flat and the back surface 112

is a true circular arc. Back Surface 112 is concavely curved. In
this embodiment, side walls 130, 132 of spring element 102
follow the radial lines of the circle defined by back surface
112. Side walls 136, 138 of cavity 104 extend in straight lines
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from front surface 110 to back surface 112 and are neither

parallel to one another nor parallel to side walls 130, 132.
0107 FIGS. 3D and 3E show that the sectorangle (0) can
be any suitable angle, including, obtuse (see FIG. 3D), acute
(see FIG. 3E) or even a right angle.
0108 FIG. 3F illustrates the cross-sectional shape, when
viewed from the top, of an alternative embodiment of spring
element 102. In FIG. 3F, front surface 110 is concavely
curved and back surface is convexly curved. Side walls 130,
132 are shown as straight lines that angle in toward one
another so that, once again, the width dimension varies along
the length of the spring element. Thus, it is apparent that the
front Surface may be convex, concave, flat or a combination
thereof. Similarly, the back Surface may be convex, concave,
flat or a combination thereof.

0109 FIG. 3G illustrates the cross-sectional shape, when
viewed from the top, of even another embodiment of spring
element 102. In FIG. 3G, the cross-sectional shape of spring
element 102 is not symmetric. Front surface 110 is convexly
curved and back surface 112 is concavely curved. Side walls
130, 132 extend in straight lines from the front to the back
surfaces. However, the angle (C.) formed between the side
wall 130 and the front surface 110 and the angle (C) formed
between the side wall 132 and the front surface 110 are not

equal. Similarly, the angle (B) formed between the side wall
130 and the back surface 112 and the angle (B) formed
between the side wall 132 and the back surface 112 are not

equal. In this embodiment, side walls 136, 138 of cavity 104
extend in straight lines from front surface 110 to back surface
112 and are parallel to side walls 130, 132 of spring element
102, respectively.
0110. In certain embodiments, side walls 130, 132 of
spring element 102 need not be straight. As illustrated in
FIGS. 3H and 3I, side walls 130, 132 may assume various
cross-sectional shapes. In FIG.3H, the side walls 130, 132 are
convexly curved; in FIG. 3I, the side walls 130, 132 are
concavely curved. Similarly, side walls 136, 138 of cavity 104
need not be straight. As shown in FIG.3H, side walls 136, 138
are curved and parallel to side walls 130, 132, respectively.
0111. An outline of a foot-receiving device 200 is shown
in FIGS. 4A-4C with exemplary placements of the impact
attenuation members according to the present invention. In
each of FIGS. 4A-4C, the individual impact-attenuation
members are designed and placed so as to customize and/or
optimize the overall impact-attenuation characteristics of the
foot-receiving device. If desired, the outer edges of the spring
elements may be made to match the general shape of the outer
edge of the foot-receiving device.
0112 FIG. 4A illustrates four identical or substantially
similar impact-attenuation members 100 positioned in the
heel area 202 of the foot-receiving device 200. Each impact
attenuation member has a convexly-curved front surface 110
and a concavely-curved back Surface 112. In this example, the
convexly-curved front Surfaceportions of the spring elements
have a lower stiffness than the concavely-curved back sur
faces portions. Impact-attenuation members 100a and 100b
are positioned under the outside portion of heel area 202:
impact-attenuation members are positioned under the inside
portion of heel area 202. In particular, the convexly-curved
Surface portions, i.e. the lower stiffness regions, of impact
attenuation members 100a and 100b are positioned in the
vicinity of the lateral perimeter of heel area 202. Conversely,
the concavely-curved Surface portions, i.e. the higher stiff

ness regions, of impact-attenuation members 100c and 100d
are positioned in the vicinity of the medial perimeter of heel
area 202.

0113. As another example, in FIG. 4B, two identical or
substantially similar impact-attenuation members 100a and
100c are positioned toward the front of the heel area 202 of the
foot-receiving device 200, similar to their placement in FIG.
4A. In addition, two different, non-similar impact-attenuation
members 100e and 100fare positioned toward the back of the
heel area 202. In this example, the overall stiffnesses of
impact-attenuation members 100e and 100f is generally
lower that the overall stiffnesses of impact-attenuation mem
bers 100a and 100c. As with FIG. 4A, each impact-attenua
tion member has a convexly-curved front surface 110 and a
concavely-curved back surface 112 and the convexly-curved
front Surface portions of the spring elements have a lower
stiffness than the concavely-curved back Surfaces portions.
The convexly-curved surface portions, i.e. the lower stiffness
regions, of impact-attenuation members 100a and 100e are
positioned in the vicinity of the outside perimeter of heel area
202. Conversely, the concavely-curved surface portions, i.e.
the higher stiffness regions, of impact-attenuation members
100c and 100fare positioned in the vicinity of the inside
perimeter of heel area202. Because impact-attenuation mem
bers 100e and 100f of FIG. 4B are generally less stiff than
impact-attenuation members 100b and 100d of FIG. 4A, the
heel strike Zone of the foot-receiving device of FIG. 4B is
softer than the heel strike Zone of the foot-receiving device of
FIG. 4A. By appropriate selection of stiffness in the various
regions of the article of footwear, various gait or stride issues
may be corrected or improved, such as over pronation.
0114. As another example, FIG. 4C illustrates a variety of
impact-attenuation members positioned under the heel area
202, under the mid-foot area 204 and under the forefoot (i.e.
the toe/ball-of-the-foot) area 206 of the foot-receiving device
200. Note that in the forefoot area, the convexly-curved sur
face portions of the impact-attenuation members all are posi
tioned in the vicinity of the perimeter. From the illustrations
of FIGS. 4A-4C, it is shown that a variety of impact-attenu
ation members 100 can be placed on foot-receiving devices in
any manner to suitably facilitate the overall stiffness and
impact-attenuation characteristics of the foot-receiving
device.

0.115. An outline of the heel area 202 of a foot-receiving
device 200 is shown in FIGS.5A-5D with exemplary place
ments of various example impact-attenuation members
according to the present invention. In FIG.5A, four identical
or substantially similar impact-attenuation members 100 are
positioned in heel area202. Each impact-attenuation member
includes a flat portion 124 for facilitating mounting of the
impact-attenuation member to a structure associated with the
foot-receiving device. In this figure, the four impact-attenu
ation members are positioned roughly symmetrically about a
mid-line of the heel area, with convexly-curved front surface
portions 110 positioned in the vicinity of the perimeter of the
heal area and with concavely-curved back Surface portions
112 positioned towards the mid-line of the heel area. FIGS.
5B-5D illustrate other possible placements and orientations
of various impact-attenuation members 100 in heel area 202.
Of note in FIG.5D is that the impact-attenuation members
100 may be positioned adjacent one another, for example, a
side wall of one impact-attenuation member 100 may be
positioned adjacent a side wall of another impact-attenuation
member 100.
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0116. An outline of the forefoot area 206 of a foot-receiv
ing device 200 is shown in FIGS. 6A-6C with various exem
plary placements and orientation of various impact-attenua
tion members 100 according to exemplary embodiments of
the present invention.
0117 FIG. 7 illustrates an impact-attenuation member
300 in accordance with a further example of this invention.
FIG. 7 is a cross-section of impact-attenuation member when
viewed from the top. Member 300 includes a spring element
302. In the particular embodiment of spring element 302
shown in FIG. 7, spring element 302 has a triangulated con
figuration, e.g., a tri-lobed or tri-legged configuration. Each
lobe 360a, 360b, 360c extends radially outward from the
center of the spring element to a common circumference (C).
Each lobe 360a,360b,360c ends at a spring element wall 330,
331, 332, respectively. In FIG. 7, walls 330, 331, 332 are
shown as arcs of a circle, but could be flat, concavely curved
or otherwise convexly curved. Spring element includes cavity
304 extending within each lobe 360a, 360b, 360c to cavity
walls 336,337,338, respectively. In FIG.7, cavity walls 336,
337, 338 are shown as flat portions, but could be curved.
Further, in FIG. 7, although cavity 304 is shown as extending
within each lobe the same amount, this need not be the case.

Spring element 302 includes a front end or surface 310, which
is coincident with spring element wall 331. Spring element
302 also includes a back end or surface 312, which is located

between lobes 360a and 360c. Front surface 310 is convexly
curved. Back surface 312 is concavely curved. Furthermore,
back surface 312 includes an opening into cavity 304. Spring
element 302 also includes other surfaces 313, 315 located

between adjacent lobes, each surface 313, 315 also including
an opening into cavity 304.
0118 FIG. 8 is a perspective view of a spring element
similar to the spring element 302 of FIG. 7. In this example
embodiment, the walls 330, 331, 332 are flat or straight
across, as opposed to the circular arcs depicted in FIG. 7. As
shown in the perspective view of FIG. 8, spring element 302
assumes a Substantially spherical shape. More specifically,
spring element 302 assumes a somewhat “squashed spheri
cal shape, much like a flying saucer. A central circular flat
portion 324 is provided on top surface 320. Portion 324 pro
vides a surface for mounting impact-attenuation member 100
to, for example, a foot-receiving device. Also asbest shown in
FIG. 8, spring element 302 may include one or more recep
tacles 306. Receptacles 306 extend across the widths of lobes
160a-160c of spring element 102.
0119) Due to the different configurations of spring ele
ment 302 at front surface 310 and back surface 312, the

stiffness characteristic in the height direction of the front
surface differs from the stiffness characteristic in the height
direction of the back surface. In other words, the front surface

310 and the back surface 312 will compress different amounts
under the same applied force or load.
0120 Referring back to FIG. 7 another characteristic of
spring element 302 is illustrated. A first plane P1 extending in
the height direction and the length direction is positioned so
as to symmetrically bisect spring element 302. However, a
second plane P2 extending in the height direction and the
width direction, thereby being mutually perpendicular to the
first plane, cannot be positioned anywhere so as to symmetri
cally bisect spring element 302. Indeed, of any two mutually
perpendicular planes, each extending in the height direction,
there is no placement that would result in spring element 302
being symmetrically bisected by both planes. In other words,

at most, one of two mutually perpendicular planes, each
extending in the height direction, defines a plane of symmetry
of spring element 302. In FIG. 7, one plane (P1) defines a
plane of symmetry of the spring element.
I0121 With all other features fixed (e.g., height, thickness,
material, mounting method, etc.), varying the extension, or
length, of the leg changes the stiffness characteristic of the
impact-attenuation member. Thus, increasing the length of
the legs decreases the stiffness characteristic of the impact
attenuation member. Decreasing the length of the legs
increases the stiffness characteristic of the impact-attenuation
member.

0.122 FIG. 9 is a perspective view of an impact-attenua
tion member 300 in accordance with another embodiment of

this invention. Member 300 includes a spring element 302,
similar to that described above, and further includes a tension

element 350. Tension element is located with cavity 304 and
extends within lobes 360a-360c and across a width dimen

sion of cavity 304. Specifically, tension element 350 extends
across cavity 304 and engages spring element 302 at recep
tacles 306.

(0123. As best shown in FIG. 10, tension element 350
includes three arms 351a. 351b, 351c extending radially out
ward from the center of the tension element. Tension element

is substantially planar. At the distal end of arms 351a. 351b,
351c of tension element 350 are provided enlarged portions
352,353,354. Enlarged portions 352,353,354 are configured
to engage receptacles 306 of spring element lobes 360a,
360b, 360c.
0.124. As with tension element 150, tension element 350

could assume any suitable configuration as would be avail
able to a person of ordinary skill in the art given the benefit of
the disclosure of this application. For example, referring to
FIG. 11 tension element 350 may have multiple arms extend
ing toward and engaging a single lobe of spring element 302.
As shown in FIG. 12, tension element 350 may lie completely
within, but not coextensive with, cavity 304 in this example
embodiment, arms 351 curve inward more that lobes 360.
Thus, it can be seen that tension element 350 need not have a

profile that corresponds to the profile of cavity 304. Further,
as shown in FIG. 13 tension element 350 may be formed of
one or more pieces 350a, 350b sharing the same spring ele
ment cavity. The pieces may be connected with one another or
not connected, as shown. As shown in FIG. 14, tension ele

ment 350 may have one or more cutouts 357. By way of other
non-limiting examples, tension elements 350 may extend
between less than all the lobes of spring element 302, may be
symmetric or non-symmetric, may be circular and thereby
extend outside the openings to cavity 304, etc. The stiffness or
elastic properties of the tension elements are functions of the
materials and geometries of the tension elements, thus, dif
ferent geometries for the tension elements result in different
elastic properties for the tension elements.
0.125 Further, as shown in FIG. 15, tension element 350
may be planar with enlarged portions 352-354 for engaging
spring element 302. As shown in FIGS. 16 and 17, tension
element 350 may be substantially planar. Thus, for example,
tension element 350 of FIG. 16 contains an air bladder 358:
while tension element 350 of FIG. 17 has undulations. Even

further, FIGS. 15-17 illustrate that different tension elements,

having different stiffnesses, may be located within and
engaged to similar spring elements. In other words, the stiff
ness characteristics or elastic properties of an impact-attenu
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ation member 300 can be tailored for a specific need by
Supplying different tension elements.
0126. In a further alternative embodiment shown in FIGS.
18A-18C, a tension element 350 has projections 359 at the
distal ends of arms 351a and 351b. As shown in FIG. 18B,

spring element 302 is provided with cut-outs 362 in lobes
360a and 360b. Cut-outs 362 are shown as notches extending
from the distal ends of lobes 360 such that the lobes are split
into two sections along at least a portion of their length.
Cut-outs 362 are configured to receive projections 359, i.e.
projections 359 of tension member 350 engage with cut-outs
362 of spring element 302. Projections 359 provide further
attachment of tension member 350 to spring element 302,
such that the tension member may not be so easily slidably
removed. Thus, during repeated loading and unloading of the
impact-attenuation member, tension member 350 would be
less likely to be worked out of engagement with spring ele
ment 302. Projections 359 may be provided on one, some, or
all of the arms oftension element 350. By way of non-limiting
examples, cut-outs 362 need not be notches that extend
toward the center of the spring element, but could be rela
tively small openings or even just indentations on the interior,
i.e. cavity, Surface of the lobes. In one aspect, projections on
tension element 350 may extend through the openings of
spring element 302 which define the lobes 360. According to
this aspect, as best shown in FIG. 18C, the projections would
interact with surfaces 312, 313 and/or 315 to assist in retain

ing the tension element to the spring element. Even further,
projections may be provided on spring element 302, with
corresponding cut-outs, notches, indentations, etc. provided
on tension element.

0127. The embodiment of the impact-attenuation member
shown in FIGS. 9 and 10 includes a tri-lobed tension element

350 having non-circular (in this particular embodiment, flat
or straight) distal end surfaces of arms 351a-351c. If the
tension element has non-circular enlarged portions as in
FIGS. 9 and 10, then pure rotational sliding engagement of
the tension element with the receptacles of the spring element
is not possible. Rather, referring to FIG. 19, engagement
could be accomplished by flexing one or both of tension
element 350 and spring element 302 and working the distal
ends of arms 351a-351c into receptacles 306 via a combina
tion of sliding and elastic-deformation Snapping action. As an
example, in a first step, tension element 350 is deformed and
inserted into the cavity 304 of spring element 302. The
enlarged distal ends 352-354 of the arms of tension element
350 are unable to be received within receptacles 306 due to
the narrowed geometry at the lips of receptacles 306. In FIG.
19, this first step, step (a), is illustrated with both a top view
and a front view of a compressed tension element 350 inserted
into the cavity of a non-deformed spring element 302. In a
second step, the spring element 302 is compressed or
deformed across its width Such that any lips at the entrance to
the receptacles are parted or widened, allowing the enlarged
portions of tension element 350 to enter the receptacles. In
FIG. 19, this second step, step (b), is illustrated with a front
view of a compressed or deformed spring element 302 and a
compressed tension element. In a third step, the enlarged
portions of tension element lie fully within the receptacles,
allowing both the tension element and the spring element to
return to their undeformed shapes. This step is illustrated in
FIG. 190c) with a top view and a front view oftension element
350 engaged with spring element 302.

0128. In an alternative embodiment show in FIGS. 20A
20E, the enlarged portions 352-354 of the distal ends of arms
351a-351c of tension element 350 could extend along a cir
cular arc. In addition, spring element 302 could include
complementarily curved cavity walls 336-338 and recep
tacles 306. When both the enlarged portions 352-354 often
sion element 350 and the receptacles 306 of spring element
302 extend along complementary circular arcs, tension ele
ment 350 can be engaged (or disengaged) with spring element
302 by rotating tension element 350 with respect to spring
member 302. This relative rotation allows the enlarged por
tion of the tension element to slide within the receptacles of
the spring element. As an example, a tension element 350
(FIG. 20A) can be inserted into a spring element 302 (FIG.
20B) as shown in FIG.20C. In FIG.20C, the distalends of the
arms oftension element 350 do not yet engage the receptacles
of spring element 302. In FIG. 20D, tension element 350 is
rotated relative to spring element 302, and in the process of
rotation, the distal ends of the arms of tension element 350

slidingly engage the receptacles of spring element 302 (sche
matically represented as portions of circular arcs, for clarity).
In FIG. 20E, tension element 350 has been rotated to fully
engage spring element 302.
I0129 FIG. 21A illustrates four impact-attenuation mem
bers 300 positioned in the heel area 202 of foot-receiving
device 200. In this particular embodiment, it was desired to
make the medial portion of the heel area firmer than the lateral
portion of the heel area. Thus, impact-attenuation member
300a in the lateral heel strike Zone (shown in gray) was
configured to be less stiff than the other three impact-attenu
ation members. By way of non-limiting examples, impact
attenuation member 300a could be made less stiff by elimi
nating or not using any tension element that may be used by
the other three impact-attenuation members, by using a ten
sion element that is more compliant than the tension elements
used by the other three impact-attenuation members or by
using a spring element that is more compliant. Further,
impact-attenuation member 300a could be made less stiff by
changing its materials, its dimensions, or its geometric pro
file.

0.130 FIGS. 21B and 21C also illustrates four identical or
substantially identical impact-attenuation members 300 posi
tioned in the heel area202 of foot-receiving device 200. In the
embodiment of FIG. 21B, the four impact-attenuation mem
bers are arranged so as to provide a relatively soft or compli
ant impact-attenuation beneath the calcaneous area (marked
with an X). In particular, the stiffness characteristics of the
portions of the impact-attenuation members nearest the cal
caneous area is designed to be less than the stiffness charac
teristics of the portions of the impact-attenuation members
more removed from the calcaneous area. In the embodiment

of FIG. 21C, the four impact-attenuation members are
arranged so as to provide a relatively stiff or less compliant
impact-attenuation beneath the calcaneous area (marked with
an X). Thus, it can be seen that individual impact-attenua
tion members may be configured so as to provide distinct
impact-attenuation properties in given Zones of the foot. Fur
thermore, the impact-attenuation members can be arranged
relative to one another to form a system.
I0131. As best illustrated in FIGS. 22a through 22c, when
a force or load is applied to top surface 320 and reacted by
bottom surface 322, spring element 302 is compressed in the
height direction. FIG. 22a shows impact-attenuation member
300 when load is first applied: FIG.22b shows impact-attenu
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ation member 300 when the applied load has compressed
member 300 to approximately 3/4 of its undeformed height;
FIG. 22c shows impact-attenuation member 300 when the
applied load has compressed member 300 to approximately
% of its undeformed height. During the compression of mem
ber 300, receptacles 306 close down and increase their grip on
enlarged portions 352, 353, 354 of tension element 350. At
the same time, as the height dimension of impact-attenuation
member 300 decreases, the width dimension (w) of spring
element 302 is increased and the width dimension of tension

element 350 is increased. Upon removal of the force, spring
element 302 and tension element 350 return to their non

deformed configurations and energy that was stored in spring
element 302 and in tension element 350 due to their elastic
deformations is released.

0132 AS disclosed above, pairing any given configuration
of spring element 302 with differing configurations and/or
materials of tension element 350 would result in different

stiffness characteristics for the impact-attenuation members.
Thus, the stiffness characteristic of the impact-attenuation
member can be tailored by providing specific stiffness char
acteristics of the individual spring elements 302 and/or ten
sion elements 350 that make up the impact-attenuation mem
ber. As the spring elements 302 and the tension elements 350
can be manufactured separately, with the tension elements
Subsequently being engaged with the spring elements to form
impact-attenuation members, many different impact-attenu
ation members may be readily formed (from the multitude of
different spring/tension element combinations) while at the
same time providing low inventory risk.
0133) Of interest is that a rotationally symmetric impact
attenuation member, such as that illustrated in FIG.9, would

be expected to deflect evenly under the application of a cen
trally applied load, even though a stiffness characteristic at a

front surface differs from a stiffness characteristic at a back

surface. Thus, a centrally applied load could result in the
impact-attenuation member compressing evenly in the height
direction around the circumference. On the other hand, the

rotationally symmetric impact-attenuation member of FIG.9
would not be expected to compress evenly under a non
centrally applied load. Thus, for example, under the applica
tion of a distributed line-load extending from front surface
110 to back surface 112, one would expect the impact-attenu
ation member to compress unevenly due to the difference in
stiffness characteristics at the front surface and the back Sur
face.

0134. In an exemplary embodiment, FIGS. 23 and 24
show four impact attenuation members 300 located under the
heel portion 202 of a foot-receiving device 200. FIG. 23
illustrates the foot-receiving device 200 with no external load
applied. The impact-attenuation members are not deflected.
FIG. 24 illustrates the foot-receiving device 200 with an
external load applied. The impact-attenuation members are
shown compressed.
D. CONCLUSION

0135 While the invention has been described with respect
to specific examples including presently preferred modes of
carrying out the invention, those skilled in the art will appre
ciate that there are numerous variations and permutations of
the above described systems and methods. Thus, the spirit and
scope of the invention should be construed broadly as set forth
in the appended claims.

What is claimed is:

1. An impact-attenuation member comprising:
a spring element defining a cavity, the spring element hav
ing dimensions in height, length and width directions,
the height dimension extending from a top Surface to a
bottom Surface, and having at least one of the top Surface
and the bottom surface adapted for mounting, the length
dimension extending from a front end to a back end; and
wherein the impact-attenuation member has a first stiffness
characteristic in the height direction at the front end of
the spring element and a second stiffness characteristic
in the height direction at the back end of the spring
element.

2. The member of claim 1, further comprising a tension
element located at least partially within the cavity and engag
ing the spring element, the tension element extending across
the cavity in the width direction.
3. The member of claim 2, wherein the tension element is

Substantially planar and wherein the tension element engages
one or more receptacles in the spring element.

4. The member of claim 1, wherein the width dimension of

at least one of the spring element and the cavity varies linearly
along at least a portion of the length dimension of the spring
element.

5. The member of claim 1, wherein at least one of the front

end and the back end is at least partially curved.
6. The member of claim 1, wherein the spring element is a
truncated, hollow, Substantially conical shape.
7. The member of claim 1, wherein the spring element is a
tri-lobed, hollow, substantially spherical shape.
8. An impact-attenuation member comprising:
a spring element characterized by dimensions in mutually
perpendicular height, length and width directions, the
height dimension extending from a top surface to a bot
tom Surface, and at least one of the top surface and the
bottom surface adapted for mounting,
wherein at most one of two mutually perpendicular planes,
each extending in the height direction, defines a plane of
symmetry of the spring element.
9. The member of claim 8 wherein

one of two mutually perpendicular planes, each extending
in the height direction, defines a plane of symmetry of
the spring element.
10. The member of claim 8, further comprising:
a tension element engaging the spring element and extend
ing in the width direction of the spring element;
wherein the spring element defines a cavity, and
wherein the tension element is located at least partially
within the cavity.
11. The member of claim 10, wherein the tension element

is Substantially planar, and wherein the tension element
engages one or more receptacles in the spring element.
12. The member of claim 8, wherein the length dimension
of the spring element extends from a front end to a back end
and wherein at least one of the front end and the back end is

at least partially curved.
13. The member of claim 8, wherein the spring element is
a truncated, hollow, Substantially conical shape.
14. The member of claim 8, wherein the spring element is
a tri-lobed, hollow, substantially spherical shape.
15. A foot-receiving device comprising:
at least one of a foot-covering member, a foot-supporting
member and a surface-contacting member, and
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at least one impact-attenuation member engaged with the
at least one of the foot-covering member, the foot-Sup
porting member and the Surface-contacting member, the
impact-attenuation member comprising:
at least one spring element defining a cavity, the spring
element having dimensions in height, length and
width directions, the height dimension extending
from a top Surface to a bottom surface, and having at
least one of the top surface and the bottom surface
adapted for mounting, the length dimension extend
ing from a front end to a back end; and
wherein the impact-attenuation member has a first stiff
ness characteristic in the height direction at the front
end of the spring element and a second stiffness char
acteristic in the height direction at the back end of the
spring element.
16. The device of claim 15, further comprising a tension
element located at least partially within the cavity and engag
ing the spring element, the tension element extending across
the cavity in the width direction.
17. The device of claim 16, wherein the tension element is

Substantially planar, and wherein the tension element slid
ingly engages the spring element.
18. The device of claim 15, wherein the top surface of the
spring element engages the foot-supporting member and the
bottom Surface of the spring element engages the Surface
contacting member.
19. The device of claim 15, wherein the spring element is a
truncated, hollow, Substantially conical shape.
20. The device of claim 15, wherein the spring element is a
ti-lobed, hollow, substantially spherical shape.
21. A foot-receiving device comprising:
at least one of a foot-covering member, a foot-supporting
member and a surface-contacting member, and
at least one impact-attenuation member having a mounting
Surface mounted to the at least one of the foot-covering
member, the foot-Supporting member and the Surface
contacting member, the impact-attenuation member
comprising:

at least one spring element characterized by dimensions
in mutually perpendicular height, length and width
directions, the height dimension extending from a top
Surface to a bottom Surface, and at least one of the top
Surface and the bottom surface comprising the mount
ing Surface;
wherein at most one of two mutually perpendicular
planes, each extending in the height direction, defines
a plane of symmetry of the spring element.
22. The device of claim 21, further comprising a tension
element engaging the spring element and extending in the
width direction of the spring element.
23. The device of claim 21, wherein one of two mutually
perpendicular planes, each extending in the height direction,
defines a plane of symmetry of the spring element.
24. A method of using an impact-attenuation member, the
impact-attenuation member characterized by mutually per
pendicular height, length and width dimensions, the length
dimension extending from a front end to a back end, the
impact-attenuation member having a spring element and a
tension element extending at least partially across the width
dimension of the impact-attenuation member between a first
engagement portion engaging the spring element and a sec
ond engagement portion engaging the spring element, the
method comprising:
decreasing the height dimension of the impact-attenuation
member at the front end as a function of a first spring
constant,

decreasing the height dimension of the impact-attenuation
member at the back end as a function of a second spring
constant, wherein the second spring constant differs
from the first spring constant; and
increasing a distance between the first and second engage
ment portions, thereby stretching the tension element.
25. The method of claim 24, wherein the tension element

engages a receptacle in the spring element, and wherein the
method further comprises: closing the receptacle around the
tension element.

