Shape Memory Footwear



Description

The present invention is in the field of superelastic materials. The present innovation also relates to footwear. The present invention is a shape memory footwear.

Background of Invention

Conventional footwear will typically lose its cushion, shock absorption and stability after long period of use, especially athletic footwear. This is common in shoes which midsoles are made of EVA or PU. The shape memory footwear allows to solve this issue. 
The shape memory footwear has a midsole made out of shape memory alloys [SMA]. The midsole is made of shape memory alloy wires that are woven together to be a wire mesh that is a flexible construct. The ends of each wires are connected together through welding methods such as laser welding. Shape memory alloys have the shape memory effect [SME], leading them to have the ability of thermal induction and property to be deformed in cold conditions and returns to its pre-deformed shape when heated. Hence, the SME will allow the footwear to have high long-term durability. Furthermore, shape memory alloys, such as NiTi, also have high endurance towards corrosion.
The superelasticity of the shape memory alloys allow them to act as cushioning and as shock absorber for the foot.
	The SME is able to take place because SMA have an austenite crystal structure in an ambient state, and it will realign to martensitic crystal structure during the application of an externally applied force upon the SMA to decrease the internal strain energy and decrease local stiffness to accommodate large deflection and load of the SMA.
A number of material systems can be used to form the midsole. The following is a list of the materials producing a SME and/or superelasticity. The list of materials includes: NiTi, NiTiX (where X is a ternary alloying addition such as Hf, Zr, Au, Ag, Pt, Pd, Fe, etc.), NiTiXY (where X and Y are ternary and quaternary alloying additions similar to above), Ag—Cd, Au—Cd, Cu—Al—Ni, Cu—Sn, Cu—Zn, Cu—Zn—X (where X is a ternary alloying addition such as Si, Al, Sn, etc.), Fe—Pt, Mn—Cu, Fe—Mn—Si, Co—Ni—Al, Co—Ni—Ga, Ni—Fe—Ga, or Ti—Nb. Certain f-Ti alloys that produce significant amounts of reversible strain could be used in place of the common SMA materials.
However, due to its superelasticity, shape memory alloys alone cannot support the foot with an appropriate stability for athletic standards. Hence, a solid plate is added on top of the midsole with a top and bottom compressed foam covering the plate to stabilise and support the foot safely. The solid plate is preferably made of carbon fibre or TPU. The plate can be a full-length shoe plate, separated into a plate supporting the forefoot and a plate supporting the rear foot, or none.
The midsole is further coated with poly rubber on top and bottom of the midsole to ensure the security and tight fit of the sole configuration.
In Figure 1, there is an isometric view sketch of the shape memory footwear that presents different shoe components. Pointer 1 indicates a heel counter hidden at the back of the upper. Pointer 2 indicates a stretch knit that covers the eyelets, laces, and a portion of the upper and a portion of the tongue. Pointer 3 indicates the upper of the shoe. Pointer 4 indicates the toe cap of the shoe. Pointer 5 indicates the outsole of the shoe. Pointer 6 indicates the midsole of the shoe.
In Figure 2, there is a sketch of the shape memory footwear’s sole configuration. Pointer 7 indicates the top surface foam that acts as a connector between the upper and sole and cushion of the foot. Pointer 8 indicates the solid plates that acts as a stabiliser and support of the foot; a plate supporting the rear foot portion and a plate supporting the forefoot portion of the foot. Pointer 9 indicates the bottom surface foam that covers the solid plate. Pointer 10 indicates the upper coating of the midsole that is made of polymer. Pointer 11 indicates the midsole of the shoe that is a flexible construct made of shape memory wires woven together as a mesh. Pointer 12 indicates the bottom coating of the midsole that is made of polymer. Pointer 13 indicates the outsole. In an ascending order of pointer 7 to 13, the sole parts will be either glued together, knitted together, or both to form the sole.
In Figure 3, there is a sketch of the inner wire mesh outline of the shape memory footwear. Pointer 14 indicates the outer sheet of mesh. Pointer 15,16,17 and 18 indicates the inner sheet of mesh that supports the forefoot portion of the foot. Pointer 19, 20, 21, 22 indicates the inner sheet of mesh that supports the rearfoot portion of the foot.

Brief Description of Drawings 

Figure 1 represents the isometric view sketch of the shape memory footwear
Figure 2 represents the sole configuration of the shape memory footwear
Figure 3 represents the sketch of the inner wire mesh outline of the shape memory footwear








Claims

1) A footwear compromising:
a shoe upper, said upper having an inner side and an outer side;
a shoe heel counter;
a shoe insole;
a shoe outsole; and
a shoe midsole, said midsole compromising:
a top surface foam, said top surface acting as a connector between the upper and sole, acting as cushion and having the suitable dimensions to protect the user’s foot, preferably made of compressed EVA;
a balance plate, said plate supporting the stability of the heel portion and the forefoot portion of the user’s foot, preferably made of carbon fibre or plastic such as TPU, that can be a full length from the rearfoot to the forefoot, or separated into a plate at the rearfoot portion and another plate at the forefoot portion;
a covering surface foam, said covering surface that covers the balance plate, preferably made of compressed EVA;
a shape memory midsole, said midsole acting as the main cushion, shock and force absorber, and support of the foot,
wherein the shape memory midsole is made of shape memory alloy [SMA],
wherein the shape memory midsole is in the form of wires and are woven together to create a spring mesh that has the ability to flex on the outlines,
wherein the shape memory midsole consists layers of the shape memory mesh that compromise an outer layer covering the outer of the midsole and three to five layers supporting the heel portion and the forefoot portion consecutively,
wherein the shape memory midsole is coated with polymer on the top and bottom surface of it, preferably poly rubber,
wherein the shoe insole, midsole and outsole run the length of the shoe from the heel to the toe between the inner and outer sides.

2) The material of the midsole of Claim 1, said SMA have an austenite crystal structure in an ambient state, and it will realign to martensitic crystal structure during the application of an externally applied force upon the SMA.

3) The material of the midsole of Claim 1, said SMA is one of NiTi, Ag—Cd, Au—Cd, Cu—Al—Ni, Cu—Sn, Cu—Zn, Fe—Pt, Mn—Cu, Fe—Mn—Si, Co—Ni—Al, Co—Ni—Ga, Ni—Fe—Ga, Ti—Nb, β-Ti alloys, or ternary alloys or quaternary alloys of the SMA material.

4) The material of the midsole of Claim 1, said SMA consists a configuration of materials designed for superelasticity, shape memory effect [SME] behaviour, or both.

5) The material of the midsole of Claim 1, said SMA is able to demonstrate a SME that is thermally induced.

6) The midsole of Claim 1, wherein the midsole is a superelastic midsole.

7) The midsole of Claim 1, said midsole is made of a flexible construct into which the plurality of radial elements is embedded or woven.

8) The midsole of Claim 5, said flexible construct is a mesh.

9) The midsole of Claim 1, wherein the wire mesh has configurations that includes the outer sheet of mesh as the outer midsole, and inner sheets of mesh in the outer midsole at the rear foot portion and forefoot portion.

10) The midsole of Claim 1, said flexible construct has solid plate on top the construct that is a full-length plate from the rear foot to the forefoot, a plate at the rearfoot portion and a plate at the forefoot portion, or none.

11) The midsole of Claim 2, said flexible construct is coated with polymer on and below of the construct.
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