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FOOTWEAR HAVING A FLEX-SPRING SOLE

Cross-Reference to Related Applications

This application claims the benefit of U.S. Provisional Patent Application Serial

No. 62/098,61 0 , filed on December 3 1 , 2014 and entitled "Footwear Having A Flex-

Spring Midsole." The complete disclosure of the above application is hereby

incorporated for reference for all purposes.

Introduction

Work boots, athletic footwear, and other types of footwear may be designed

and constructed from materials that make the footwear highly resistant to wear and

tear. For example, the footwear may be designed to include thick outsoles and/or thick

midsoles and/or may be constructed from rubber and/or other protective materials to

improve the durability of the footwear. However, the above designs and/or materials

may lead to heavier footwear and/or footwear that does not transfer energy back into

a user's step, which may contribute to fatigue in the user.

Summary

Disclosed herein are examples of apparatuses and systems, which may

address the above mentioned problems, among others.

In one example, a sole for footwear is disclosed. The sole may include an

energy transfer base. The energy transfer base may include a top surface, a bottom

surface, and opposed first and second side surfaces. The energy transfer base may

further include at least one cavity. The at least one cavity may include an opening on

the first side surface, an opening on the second side surface, and a hollow passage

fluidly connecting the openings on the first and second side surfaces. The at least one

cavity may define upper and lower portions of the energy transfer base. The upper

portion may be configured to move away from a nominal position and toward the lower

portion when a force applied to the upper portion toward the lower portion has a

magnitude that is above a predetermined value, and to move back to the nominal

position when at least one of ( 1 ) the force is no longer applied or (2) the magnitude of

the applied force is at or below the predetermined value.



In another example, footwear is disclosed. The footwear may include an upper

for receiving a foot of a user, and a sole. The sole may include an energy transfer

base. The energy transfer base may include a top surface, a bottom surface, and

opposed first and second side surfaces. The energy transfer base may further include

at least one cavity. The at least one cavity may include an opening on the first side

surface, an opening on the second side surface, and a hollow passage fluidly

connecting the openings on the first and second side surfaces. The at least one cavity

may divide the energy transfer base into upper and lower portions. The upper portion

may be configured to move away from an equilibrium position and toward the lower

portion when a force applied to the upper portion toward the lower portion has a

magnitude that is above a predetermined value, and to move back to the equilibrium

position when at least one of ( 1 ) the force is no longer applied or (2) the magnitude of

the applied force is at or below the predetermined value.

Features, functions, and advantages may be achieved independently in various

embodiments of the present disclosure, or may be combined in yet other

embodiments, further details of which can be seen with reference to the following

description and drawings.

Brief Description of the Drawings

Fig. 1 is a left side view of an example of footwear of the present disclosure

having a flex-spring sole.

Fig. 2 is a left side view of an example of a midsole for the footwear of Fig. 1.

Fig. 3 is a right side view of the midsole of Fig. 2 .

Figs. 4-7 are left side views of additional examples of a flex-spring sole for the

footwear of Fig. 1.



Detailed Description of the Disclosure

Overview

Various embodiments of footwear having flex-spring soles are described below

and illustrated in the associated drawings. Unless otherwise specified, an embodiment

and/or its various components may contain at least one of the structure, components,

functionality, and/or variations described and/or illustrated herein. Furthermore, the

structures, components, functionalities, and/or variations described and/or illustrated

herein in connection with the present teachings may be included in other

embodiments. The following description of various embodiments is merely illustrative

in nature and is in no way intended to limit the disclosure, its application, or uses.

Additionally, the advantages provided by the embodiments, as described below, are

illustrative in nature and not all embodiments provide the same advantages or the

same degree of advantages.

Disclosed herein are footwear having flex-spring soles. In some embodiments,

the sole may include an energy transfer base having one or more cavities, hollows, or

voids. The energy transfer base may include one or more carbon fibers and/or one or

more nylons overmolded with rubber and/or thermoplastic polyurethane compound(s).

Examples, Components, and Alternatives

The following examples describe selected aspects of exemplary embodiments

as well as related systems and/or methods. These examples are intended for

illustration and should not be interpreted as limiting the entire scope of the present

disclosure. Each example may include one or more distinct inventions, and/or

contextual or related information, function, and/or structure.

Example 1:

Figs. 1-3 show an example of footwear 10 of the present disclosure. The

footwear may include an upper 12 and a sole 14 attached to the upper. Upper 12 may

cover any suitable portion of a user's foot. For example, the upper in Fig. 1 has a high

cut (or high top) that is designed to extend above a user's ankle bone. Although upper

12 is shown as having a high cut, upper 12 may have a low cut (or low top) that does



not extend above a user's ankle bone or may have any suitable cut that covers any

suitable portion of a user's foot.

Sole 14 may include any suitable layers, such as an outsole (or outer sole layer)

16, a midsole (or midsole layer) 18 , and an interface (or interface layer) 20. Outsole

16, midsole 18 , and/or interface 20 may include any suitable material(s), such as

thermoplastic polyurethane (TPU), among other materials, e.g., as described below in

more detail.

The outsole may extend at least substantially the entire length of the footwear

and may include a plurality of projections and/or recesses configured to improve

traction. Although the footwear of Fig. 1 includes an outsole that wraps around at least

a portion of the toe of the footwear, the footwear of the present disclosure may include

any suitable outsole. In some examples, the footwear may include an outsole that does

not wrap around the toe and/or may wrap around at least a portion of the heel of the

footwear.

Midsole 18 may be disposed between outsole 16 and interface 20 and may

include any suitable structure configured to store or absorb kinetic energy and/or

return or transfer that energy back into a user's step. For example, midsole 18 may

include an energy transfer base 22, as shown in Figs. 2-3. The energy transfer base

may be any suitable shape(s), such as one or more elongate shapes. Additionally,

energy transfer base 22 may be made of any suitable materials, such as one or more

carbon fibers (or other metal fibers) and/or one or more nylons (such as polyether

block amide) overmolded with any suitable compound(s), such as rubber and/or

thermoplastic polyurethane compound(s). Energy transfer base 22 may include a top

surface 24, a bottom surface 26 (which may be opposed to the top surface), a first side

surface 28, a second side surface 30 (which may be opposed to the first side surface),

a front surface 32, and a rear surface 34 (which may be opposed to the front surface),

as shown in Figs. 2-3.

Midsole 18 may include at least one cavity 36, which also may be referred to

as at least one hollow 36 or at least one void 36. The cavity(ies) may include one or

more openings 38 on any suitable surface(s) of midsole 18 . For example, cavity(ies)

36 may include one or more openings 38 on top surface 24, bottom surface 26, first

side surface 28, second side surface 30, front surface 32, and/or rear surface 34.



When cavity 36 includes two or more openings 38 on different sides and/or the same

side, the midsole may include a hollow passage 40 fluidly connecting some or all of

the openings.

One or more cavities 36 may define an upper portion 42 and a lower portion 44

of energy transfer base 22. In other words, one or more cavities 36 may divide the

energy transfer base between upper portion 42 and lower portion 44. The upper

portion may be configured to move away from a nominal position and/or toward the

lower portion when a force is applied to the upper portion toward the lower portion has

a magnitude above a predetermined value, and to move away from the lower portion

and/or return to a nominal or equilibrium position when the force applied to the upper

portion toward the lower portion has a magnitude at or below a predetermined value,

or is no longer applied to the upper portion. The upper portion may move into the space

of the cavity(ies) when force is applied to the upper portion toward the lower portion.

For example, upper portion 42 is shown to be moved toward lower portion 44

in dashed lines at 46 in Fig. 3 , and the upper portion is shown to be in nominal position

or equilibrium position at 48 in Fig. 3 . The dashed lines at 46 are only for illustration

purposes and may not represent the actual movement of the upper portion toward the

lower portion. For example, upper portion 42 may be configured to move toward lower

portion in less or more of a degree (or distance) as compared to what is illustrated in

Fig. 3 .

The predetermined value of the applied force may be any suitable value, such

as one, two, or three times the weight of a user (or expected user). The cavities may

allow the energy transfer base to be lightweight and/or transfer energy back to a user

when the user is walking, running, jumping, and/or other activities. The presence of

cavity(ies) may allow the use of one or more materials for the energy transfer base

that are not generally associated with energy transfer, such as one or more nylons as

described above

The midsole may include any suitable number of cavities 36, such as one, two,

three, four, five, six, seven or more cavities 36. For example, cavities 36 may include

a first cavity 50 and a second cavity 52, as shown in Figs. 2-3. First cavity 50 may

include a first opening 54 on first side surface 28, a second opening 56 on second side

surface 30, a third opening 58 on rear surface 34, and a first hollow passage 59 fluidly



connecting the first, second, and third openings. Second cavity 52 may include a fourth

opening 60 on first side surface 28, a fifth opening 62 on second side surface 30, and

a second hollow passage 64 fluidly connecting the fourth and fifth openings.

When the midsole includes two or more cavities, the cavities may be fluidly

connected or not fluidly connected. In other words, the cavities may be distinct and

separate, and/or may be fluidly connected via one or more passages (not shown). For

example, first cavity 50 and second cavity 52 as shown in Figs. 2-3 are not fluidly

connected.

The cavity(ies) may be in any suitable portion(s) of the energy transfer base.

For example, the cavity(ies) may be at one or both end portions of the energy transfer

base, such as adjacent the front and/or rear surfaces, and/or may be disposed

between those surfaces (or along one or more sections between those surfaces).

When cavity 36 is at the rear and/or front surface of the energy transfer base, the

cavity may have an open end (or open loop end), such as shown at 58 in Fig. 2 . The

open end may be configured to transfer energy back into a user's step. Additionally,

the open end may increase the amount of movement in the energy transfer base

providing more energy transfer. A cavity in the energy transfer base that includes an

open end may sometimes be referred to as a sole having a "C-shape spring."

Cavity(ies) 36 may have any suitable shape(s). For example, cavity(ies) may

have the shape of an elliptic cylinder, as shown in Figs. 2-3. One or more of the hollows

may have different shapes, such as circular, triangular, rectangular, and/or any

suitable curvilinear and/or rectilinear shape(s).

Additionally, cavity(ies) 36 may be any suitable size(s). For example, one or

more cavities 36 may have size(s) that have larger height(s) compared to the height

of one or more other cavities. As shown in Figs. 2-3, the height of first cavity 50 is

greater than the height of second cavity 52. The greater height may increase the

amount of movement in the energy transfer base providing more energy transfer to a

user. Moreover, one or more cavities 36 may have size(s) that provide greater width(s)

compared to the width of one or more other hollows. The greater width(s) may increase

the amount of movement in the energy transfer base, which may provide more energy

transfer to a user. In some examples, the width of a cavity 36 (or the opening of the



cavity) may be the same as the width of a surface of the midsole, such as the width of

the front surface or the width of the rear surface.

The openings and/or the hollow passages may have any suitable size(s). For

example, all of the openings and the hollow passage connecting those openings may

be the same height and/or the same width. Alternatively, or additionally, one or more

of the openings and/or the hollow passage may have a different height and/or a

different width compared to the height and/or width of one or more other openings

and/or the hollow passage.

For example, openings 54 and 56 and first hollow passage 59 of first cavity 50

are shown in Figs. 2-3 to have the same height and the same width. However, the

width and/or height of opening 54 may, in other examples, be different from the width

and/or height of opening 56, which may be the same or different from the width and/or

height of first hollow passage 59. For example, the width and/or height of first hollow

passage may be less than or greater than the width and/or height of the first and

second openings. When the hollow passage of a cavity 36 has a different width and/or

height than the openings, the width and/or height of the hollow passage may increase

and/or decrease toward or away from the openings. For example, when the openings

are smaller than a center portion of the hollow passage, the size of the hollow passage

may increase toward the center portion and decrease toward the openings.

The cavity(ies) of midsole 18 may not include (or exclude) any structure(s)

within the cavity(ies). In other words, the openings and hollow passages of the

cavity(ies) may be fluidly connected to the ambient environment. Alternatively, or

additionally, midsole 18 may include a mesh, foam, and/or other structure (not shown)

within and/or around one or more of the cavities configured to prevent debris from

entering the cavity(ies). When structure is within cavity(ies) 36, the structure may allow

the cavity to be fluidly connected to the ambient environment. For example, mesh

within the cavity(ies) may prevent debris from entering the cavity(ies) but allow

ambient air to flow through the openings and through the mesh within the cavity(ies).

When midsole 18 is configured to store or absorb kinetic energy and return or

transfer that energy back into a user's step, the midsole may sometimes be referred

to as a "flex-spring sole." Although midsole 18 is shown to include cavity(ies) 36, the



outsole and/or interface may additionally, or alternatively, include the cavity(ies). In

some examples, sole 14 may include only a single layer having cavity(ies) 36.

Interface layer 20 may include any structure disposed between the upper and

the midsole to provide an interface for the midsole, such as to attach the midsole to

the upper. The interface layer may be made of any suitable material(s), such as foam.

Although sole 14 is shown to include outsole 16, midsole 18 , and interface 20, sole 14

may additionally, or alternatively, include any suitable layer(s). For example, sole 14

may sometimes exclude outsole 16 and/or interface 20. Additionally, although a work

boot is shown in Figs. 1-2, other types of footwear (such as athletic, dress, casual,

dance, and orthopedic footwear) may include the structures shown in the above

Figures, such as midsole 18 .

Examples 2-5:

Figs. 4-7 show embodiments of footwear 10 , similar to those described above,

but with energy transfer base 22 having different cavities 36. Fig. 4 shows an energy

transfer base 22 that is similar to the energy transfer base in Example 1 but with ( 1 ) a

first cavity 65 having a shorter width and greater height compared to first cavity 50 in

Example 1 and (2) a second cavity 66 having a width less than the width of second

cavity 52 in Example 1.

Fig. 5 shows an energy transfer base 22 that includes only a single cavity 68 in

the heel portion of the sole similar to first cavity 65 in Fig. 4 . Fig. 6 shows an energy

transfer base 22 having first, second, and third cavities 70, 72, and 74. Fig. 7 shows

an energy transfer base 22 with a first cavity 75 similar to first cavity 65 in Fig. 4 , and

a second cavity 76 having a width and a height greater than the width and height of

second cavity 52 of Example 1.

Other variations of the cavity(ies) in the energy transfer base are included in

the present disclosure. In some examples, energy transfer base 22 may extend across

the full length of the footwear and include a cavity in the toe portion having an open

end, a hollow in the heel portion having an open end, and/or one or more other cavities

disposed between the toe and heel portions. Alternatively, energy transfer base 22

may include one or more cavities other than a cavity in the toe portion and/or the heel

portion.



Example 6:

This section describes additional aspects and features of embodiments

presented without limitation as a series of paragraphs, some or all of which may be

alphanumerically designated for clarity and efficiency. Each of these paragraphs can

be combined with one or more other paragraphs, and/or with disclosure from

elsewhere in this application, in any suitable manner. Some of the paragraphs below

expressly refer to and further limit other paragraphs, providing without limitation

examples of some of the suitable combinations.

AO. A sole for footwear, the sole comprising: an energy transfer base having

one or more hollows.

A 1. The sole of paragraph AO, wherein the energy transfer base includes a

heel portion and the one or more hollows includes a first hollow in the heel portion.

A2. The sole of paragraph A 1, wherein the first hollow includes an open end.

A3. The sole of paragraph A 1, wherein the one or more hollows further

includes a second hollow spaced from the first hollow.

A4. The sole of paragraph A 1, wherein the one or more hollows includes

second and third hollows spaced from the first hollow.

A5. The sole of paragraph AO, wherein the energy transfer base includes

one or more carbon fibers overmolded with rubber compounds.

A6. The sole of paragraph AO, wherein the energy transfer base includes

one or more carbon fibers overmolded with thermoplastic polyurethane.

A7. The sole of paragraph AO, wherein the energy transfer base includes

one or more nylons overmolded with rubber compounds.

A8. The sole of paragraph AO, wherein the energy transfer base includes

one or more nylons overmolded with thermoplastic polyurethane.

BO. Footwear comprising: an upper for receiving a foot of a user; and a sole

including a midsole, an interface, and an outsole, the interface being coupled to a

footwear upper, the midsole being coupled to the interface, the outsole being disposed

opposite the upper relative to the midsole, the outsole being configured to transfer

kinetic energy between the foot of the user and an external surface via the midsole,

the midsole including an energy transfer base having one or more hollows.



B 1 . The footwear of paragraph BO, wherein the one or more hollows includes

at least one hollow having an open end.

B2. The footwear of paragraph B 1 , wherein the energy transfer base

includes a heel portion and the at least one hollow is in the heel portion.

Conclusion

The disclosure set forth above encompasses multiple distinct inventions with

independent utility. While each of these inventions has been disclosed in its preferred

form, the specific embodiments thereof as disclosed and illustrated herein are not to

be considered in a limiting sense as numerous variations are possible. The subject

matter of the inventions includes all novel and non-obvious combinations and

subcombinations of the various elements, features, functions and/or properties

disclosed herein. Similarly, where any claim recites "a" or "a first" element or the

equivalent thereof, such claim should be understood to include incorporation of one or

more such elements, neither requiring nor excluding two or more such elements.

Inventions embodied in various combinations and subcombinations of features,

functions, elements, and/or properties may be claimed through presentation of new

claims in a related application. Such new claims, whether they are directed to a

different invention or directed to the same invention, whether different, broader,

narrower or equal in scope to the original claims, are also regarded as included within

the subject matter of the inventions of the present disclosure.



WHAT IS CLAIMED IS:

1. A sole for footwear, comprising an energy transfer base, the energy

transfer base includes a top surface, a bottom surface, and opposed first and second

side surfaces, the energy transfer base further includes at least one cavity, the at least

one cavity includes an opening on the first side surface, an opening on the second

side surface, and a hollow passage fluidly connecting the openings on the first and

second side surfaces, the at least one cavity defines upper and lower portions of the

energy transfer base, wherein the upper portion is configured to move away from a

nominal position and toward the lower portion when a force applied to the upper portion

toward the lower portion has a magnitude that is above a predetermined value, and to

move back to the nominal position when at least one of ( 1 ) the force is no longer

applied or (2) the magnitude of the applied force is at or below the predetermined

value.

2 . The sole of claim 1, wherein the sole excludes structure within the at

least one cavity.

3 . The sole of claim 1, wherein the energy transfer base includes a rear

surface, the at least one cavity further includes an opening on the rear surface, and

the hollow passage fluidly connects the openings of the first side surface, the second

side surface, and the rear surface.

4 . The sole of claim 3 , wherein the rear surface and the opening on the rear

surface have the same width.



5 . The sole of claim 1, wherein the at least one cavity includes a first cavity

and a second cavity, and the first and second cavities are not fluidly connected,

wherein the first cavity includes ( 1 ) a first opening on the first side surface, (2) a second

opening on the second side surface, and (3) a first hollow passage fluidly connecting

the first and second openings, and wherein the second cavity includes (a) a third

opening on the first side surface, (b) a fourth opening on the second side surface, and

(c) a second hollow passage fluidly connecting the third and fourth openings.

6 . The sole of claim 5 , wherein energy transfer base includes a rear

surface, the first cavity further includes a fifth opening, and the first hollow passage

fluidly connects the first, second, and fifth openings.

7 . The sole of claim 5 , wherein the at least one cavity further includes a

third cavity having a sixth opening on the first side surface, a seventh opening on the

second side surface, and a third hollow passage fluidly connecting the sixth and

seventh openings.

8 . The sole of claim 1, wherein (a) the opening on the first side surface, (b)

the opening on the second side surface, (c) and the hollow passage have the same

width and the same height.

9 . The sole of claim 1, wherein the energy transfer base includes a carbon

fiber plate overmolded with at least one of ( 1) one or more rubber compounds or (2)

one or more thermoplastic polyurethane compounds.

10 . The sole of claim 1, wherein the energy transfer base includes a

polyether block amide plate overmolded with at least one of ( 1 ) one or more rubber

compounds or (2) one or more thermoplastic polyurethane compounds.



11. Footwear, comprising:

an upper for receiving a foot of a user; and

a sole including an energy transfer base, the energy transfer base includes a

top surface, a bottom surface, and opposed first and second side surfaces, the energy

transfer base further includes at least one cavity, the at least one cavity includes an

opening on the first side surface, an opening on the second side surface, and a hollow

passage fluidly connecting the openings on the first and second side surfaces, the at

least one cavity divides the energy transfer base into upper and lower portions,

wherein the upper portion is configured to move away from an equilibrium position and

toward the lower portion when a force applied to the upper portion toward the lower

portion has a magnitude that is above a predetermined value, and to move back to the

equilibrium position when at least one of ( 1 ) the force is no longer applied or (2) the

magnitude of the applied force is at or below the predetermined value.

12. The footwear of claim 11, wherein the footwear does not include

structure within the at least one cavity.

13 . The footwear of claim 11, wherein the energy transfer base includes a

rear surface, the at least one cavity further includes an opening on the rear surface,

and the hollow passage fluidly connects the openings of the first side surface, the

second side surface, and the rear surface.

14. The footwear of claim 13 , wherein the rear surface and the opening on

the rear surface have the same width.



15 . The footwear of claim 11, wherein the at least one cavity includes a first

cavity and a second cavity, and the first and second cavities are not fluidly connected,

wherein the first cavity includes ( 1 ) a first opening on the first side surface, (2) a second

opening on the second side surface, and (3) a first hollow passage fluidly connecting

the first and second openings, and wherein the second cavity includes (a) a third

opening on the first side surface, (b) a fourth opening on the second side surface, and

(c) a second hollow passage fluidly connecting the third and fourth openings.

16. The footwear of claim 15 , wherein energy transfer base includes a rear

surface, the first cavity further includes a fifth opening, and the first hollow passage

fluidly connects the first, second, and fifth openings.

17 . The footwear of claim 15 , wherein the at least one cavity further includes

a third cavity having a sixth opening on the first side surface, a seventh opening on

the second side surface, and a third hollow passage fluidly connecting the sixth and

seventh openings.

18 . The footwear of claim 11, wherein (a) the opening on the first side

surface, (b) the opening on the second side surface, (c) and the hollow passage have

the same width and the same height.

19 . The footwear of claim 11, wherein the energy transfer base includes a

carbon fiber plate overmolded with at least one of ( 1 ) one or more rubber compounds

or (2) one or more thermoplastic polyurethane compounds.

20. The footwear of claim 11, wherein the energy transfer base includes a

polyether block amide plate overmolded with at least one of ( 1 ) one or more rubber

compounds or (2) one or more thermoplastic polyurethane compounds.
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