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Characterization of Composite Frame for Enhancing Energy Harvesting
Function of a Smart Shoes

Ho-Seok Lee*, In-Jun Jung*, Seung-Hwan Chang**

ABSTRACT: In this study, a composite material frame was designed to increase the energy harvesting efficiency of
polyvinylidene fluoride (PVDF) ribbon harvesters which are installed inside smart shoes. In order to minimize the
amount of deformation in the load direction of the frame, it was designed using carbon continuous fiber composites
and its complex shaped structure was manufactured using a 3D printer. In order to calculate the amount of
deformation of the insole and midsole of the shoes under the condition of the load generated during walking, the
insole and midsole were modeled using the distributed spring elements. Using finite element analysis, the elongation
of ribbon-type harvesters mounted on smart shoes was calculated during walking. It is expected that the predicted
elongation of the harvester can be utilized to increase the energy harvesting efficiency of smart shoes.
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Fig. 1. Structures and material composition; Overall structure of
the shoes, (b) Harvesting ribbons.

Table 1. Mechanical property

Onyx’s Mechanical properties

Elastic Modulus (GPa) 1.4

Poisson’s Ratio 0.35

Carbon fiber’s Mechanical properties

Axial Elastic modulus E,, (GPa) 54

Transverse Elastic modulus E,, = E;; (GPa) 7.728
Axial Shear modulus G, = G,; (GPa) 7.625
Transverse Shear modulus G,; (GPa) 2.864
Axial Poisson’s Ratio v, = 1, 0.104
Transverse Poisson’s Ratio 1, 0.121

EVA’s Mechanical properties

Elastic Modulus (GPa) 0.0025

Poisson’s Ratio 0.4
Phylon’s Mechanical properties

Elastic Modulus (GPa) 0.024

Poisson’s Ratio 0.48
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Table 2. Equivalent spring constant

Equivalent spring constant (kN/m)

Insole 50.41
Midsole 138.28
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Fig. 3. Finite element modeling of Model B

Model B with Harvester
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Table 3. Total displacement between holes and midsole

Displacement at[Displacementat| Total Model
Hole Number Model A Model B Displacement
Ad, (mm) Ady(mm) |Ad,-Ady (mm)
1 0.621 0.0158 0.605
2 0.699 0.0140 0.685
3 0.801 0.0102 0.791
4 0.620 0.0158 0.605
5 0.699 0.0140 0.685
6 0.801 0.0102 0.791

Table 4. Deformed length of the harvester ribbons

Before After Displacement
Ribbon . I
Displacement (mm)
Number
ly (mm) Rigid model | Elastic model
H, 110 116.420 117.630
H, 110 116.420 117.790
H, 110 116.420 118.002
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