=7 A7LESE A, A214d

, A9&, pp. 110~116(2022.09) ISSN 1598-6721(Print)

Journal of the Korean Society of Manufacturing Process Engineers, Vol. 21, No. 9, pp. 110~116(2022.09) ISSN 2288-0771(Online)

Mo x4y Tl

*@:?%P_IE*IV||EH°F W E 2 AT}

https://doi.org/10.14775/ksmpe.2022.21.09.110

Al bl 827 guel Zes

A Feasibility Study on Weight Reduction
of Shoe Sole Cleaner’s Top Plate Based on FE Analysis

Seo-Hyeon Kim*, Seong-Jae Yu**,

Sang-Jun Moon "™,

.k
San Kim™*

*Department of Mechatronics, Korea Polytechnics VI,

**Department of Mechanical Convergence Engineering, Gyeongsang National University
(Received 26 July 2022; received in revised form 01 August 2022; accepted 07 August 2022)

ABSTRACT

As the spread of COVID-19 continues, cleanliness and quarantine are emphasized in daily life. If foreign
substances enter through the shoe sole when using public facilities, cleanliness may deteriorate and various
infections may occur. To prevent this, shoe sole cleaners that filter out foreign substances have been
developed. In this study, a design that satisfies structural safety was presented by selecting a new material
and updating the design parameter to reduce the weight of the shoe sole cleaner. To evaluate the structural
safety, a finite element analysis under selected design loads was performed. Through design improvement and
stress analysis, a model that was approximately 85% lighter than the existing model was developed.
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Fig. 2 Components of a shoe sole cleaner B3 %23 kAAS AESIAF St}
Table 1 Mechanical properties of considered materials™
Materials Tensile Strength Elongation Young’s Modulus Density Poisson’s
(MPa) (%) (GPa) (g/em?®) ratio
SAE304 515-860 40 193 8.00 0.30
A356 164 6 72.4 2.69 0.33
PMMA 48.3-72.4 2.5-5.5 2.24-3.24 1.19 0.37-0.44
PET 48.3-72.4 30-300 2.76-4.14 1.35 0.33
PC 62.8-72.4 110.-150 2.38 1.20 0.36
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Fig. 3 Design parameters considered for design

improvement
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X-axis Direction Fixed

Fig. 4 Boundary conditions

Table 2 Design cases of top plate support

Design Case Front view
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Table 3 Design parameters of design cases A ~ D 22 ———
(unit: mm) 20 ?i‘;},{ll./""* T | |
Design 18 L | \ ]
Case th Qf,p H R = }mm Smm 2.5mm 1.25mm
£ 16
A 6.50 6.50 15.00 0.5 B 14
a
= i
B 8.00 8.00 15.00 0.5 g 12
@ 10 T
C 8.00 6.50 15.00 3.00 g 40mm (Mesh Size)
D 8.00 8.00 15.00 3.00 6
0 5 10 15
5
Number of Elements x10
Table 4 Load condition information
Fig. 5 Result of mesh convergence test
Area Pressure Force
Load Case (mm?) (MPa) (N)
A 11,989.12 0.1 1200.0
(Men) e ’ ’
B 5,678.46 0.18 1042.0
(Women) . ’ ’
¢ 130,61297 | 0.006 783.6
(Step Board) [ ’ ’

Table 5 Result of mesh convergence test

MESH Number of Strain Energy

[mm] Elements [mJ]

40.0 74,289 7.05

20.0 76,333 19.52
10.0 81,701 19.27

5.0 117,531 20.19

25 315,869 21.01
1.25 1,434,698 21.40

Fig. 6 Mesh used for finite element analysis
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Fig. 7 Effective stress according to design and load

cases

» 0.75

{a) Design A

(b) Design B = (.76

(c) Design C

(d) Design D . + 1.32
Fig. 8 Safety factor distribution of design A~D

Table 6 Minimum safety factor in design A~D'®"!

. Minimum
Design case safety factor
A 0.75
B 0.76
C 1.24
D 1.32
4. 4 B
E AFelAe A big HA7e) 24 <
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Fig. 9 von-Mises stress distributions of design case
D under load cases A, B, and C®"

Table 7 Weight of design A and D

Design case SEA304 PC
A 4.1385 kg 0.6208 kg
(100 %) (14.2 %)
b 4.2282 kg 0.6342 kg
(102 %) (15.4 %)
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