Elastomer
Vol. 38, No. 3, pp 195~205 (2003)

o b oot LTl by Ak
- o o [~=] [=] M
"BANEGy FFeFFEI - AAY G A AREAEETE
(20039 3¢ 12¢ A4, 20039 6¢¥ 30¢€ 43 = A=)

Analysis and Design of Shoes Using Non-Linear
Finite Element Method

B. Y. Moon', B. § Kim**
Department of Aerospace Engineering, Pusan National University
School of Mechanical and Automotive Engineering, Inje University
(Received March 12, 2003, Revised & Accepted June 30, 2003)

2 o ¥ ERAE vsde dopiel WIS FAY Fzall UiF AN PES 4
ee HelFth BAse AR8AMOE HUY HPor], o e UAT A AR
A3t Plogst ke Y4 TS T =g e dolield Bzl A3
a7l B4e 2 B2 QA 49 4 APada A goz AYstac e
W Ehdel WRRCIUA Bel FIX A AFARel e 2AsE MARAAL S8
A 3E FRRAHA LEIW MARC VI3E o)83el nEgs) okgdel MEE 23]
o e 27 PaG PEdR ok2E AR o3 T ge waAe B4 o
2 2e) Ushath o7le] 2ol sk woh U Zza alde] Y Zolth H%ol, 2
3 S Bk ARH PHS ARsls] AT U AR Ao F & ek

ABSTRACT : This paper presents an analytic method and a design technique for golf shoes with air-cycled
pump in the midsole. The golf shoes are modeled using the finite element method for better design by
considering the configuration of the midsole and the outsole, which compose the golf shoes. Also the
optimum size and shape of air-cycled pump in the midsole is examined. The values of standard human
pressure for boundary conditions are adopted for the FEA(Finite Element Analysis). The unknown constants
of the strain energy function of Ogden type are observed in accordance with the axial tension test. By
the commercial FEM software for nonlinear analysis, MARC V7.3, the strains and the values of volume
change for the midsole and the outsole are obtained, respectively. It can be concluded that results obtained
by FEM in the midsole and the outsole are different depending on the characteristic of elastomer. The
results reported herein provide better understanding of analyzing the golf shoes. Moreover, it is believed
that those properties of the results can be utilized in the shoes industry to develop the effective design
method.

Keywords : FEM(Finite Element Method), Outsole and Midsole, Strain Density Function, Golf Shoes,
Air Pocket
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Figure 1. Modeling Data
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Figure 2. Modeling Golf Shoes with Air Pocket

Table 1. Mesh Generation Data

No. of Node

No. of Elements
Midsole 955 2644
Outsole . 913 2484
Air-Pocket 340 526
Pressure Part 925 1970
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Figure 3. Property Data

Table 2. Material Properties - Midsole [Phylon]

Ogde

n type

# of terms

2

Bulk modulus

2067 [ kg cm?)

Density 1.64x107* [ kg/cm”]
moduli 0.435 -0.035
exponents 1.701 -2.511

degtr~Ew 384 A3z, 2003

.
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Table 3. Material Properties - Outsole [Rubber]

Ogden type
# of terms 3
Bulk modulus 8829300 [ kg/ cm?]
Density 1.17x107°[ kg/em™)
moduli 0.261 33921 427000
‘exponents 1.979 -0.052 0.0041
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(a) Constraint Condition

(b) Pressure Condition

Figure 4. Constraint Conditions
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Table 4. Volume Change Data of Parts of Air-Pocket

(unit : cm’)
(a)
Standard TYPE 1 TYPE 2
air pocket air pocket air pocket
Part | volume change | volume change | volume change
nitial | AR el | AREE iy | After
Pressing Pressing Pressing

part O| 2242 2241 2.242) 2517 2242 2519
part 2| 6.403 6.394| 6.747) 6.734| 6.747| 6.743
part @| 8.000 6.182| 7427} 6399 7427 6.404
part @| 13.422| 12.080| 13.715) 12.945| 13.715| 12.962
part &| 7.408 6.313| 6.919] 599 6919 6.177
part ®| 3.638 3.636| 3.7870 3.792| 3.787| 3.503
Total | 41.113| 36.846| 40.837 38.382| 40.837| 38.310

(b)

Pt Amount of Volume change

Standard TYPE | TYPE 2
part D 0.001 -0.275 -0.277
part 0.008 0.013 0.003
part @ 1.818 1.028 1.023
part @ 1.342 0.770 0.752
part & 1.095 0.923 0.742
part ® 0.001 -0.004 0.284
Total 4.266 2.455 2.528
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Figure 14. Displacement without Air-Pocket (unit : cm)
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