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ABSTRACT

Purpose: This study attempts to find out the optimum condition of the rotary cutter making pellet in the
footwear outsole process. The pellets are used in the process of outsole rubber fabrication to reduce cycle
time and save raw material.

Methods: Computer simulations are used to analyze the maximum stress in the rotary cutter after designing
a variety of cutter shapes. Taguchi method is used to identify the robust condition of the cutter. In Lig orthogo—
nal array, the control factors such as knife width, twisted angle, number of knives, diameter, knife depth
and supported angle are considered and noise factors like assembly tolerance and amount of antifriction are
allocated.

Results: It is found that the most important factors to reduce maximum stress in the cutter are supported
angle and diameter. Using Tacuchi’s results, we can reduce 70% cycle time and 9% raw material compared
to the traditional method using cutting die.

Conclusion: When designing the rotary cutter, the best conditions are the diameter at its maximum allowable
value and supported angle in the boundary of machine inner space.
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Figure 1. Footwear manufacturing process of the target factory and project Scope
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Table 1. Comparison for Old and New method

. Labor
Cycle time(sec) (Operators/shift)

Steps Old New Old New
Open mill - - - 6
Calendaring 126 - 6 0
Weighing 61 - 3 0
Storing 76 - 2 0
Cutting 2,970 960 14 0
Pellet weighing etc - - - 6
TOTAL 3,233 960 25 12

Improved(%) 70 52




Kwon et al. : Taguchi—based robust design for the footwear outsole pelletizing machine cutter 939

Figure 2. Rubber plate cutting with Cutting die
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Figure 5. Configuration of rubber preform method and rubber pelletizing method
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Table 2. Noise factors and level

Level
] 2
0 S5mm
Assembly Tolerance(U) (No side force) (175N of side force)
. Nothing(Dry) Full(Greasy)
Amount of antifriction(V) ~Coefficient of friction 0.57 ~Coefficient of friction 0.15
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47 2 AR} o AR

Table 3. Control factors and level

Level
Control factors
1 2 3
Knife width (A) 3mm 6mm
Twisted angle (B) 0 10° 20°
No. of knives (C) 4 6 8
Diameter (D) 80mm 100mm 120mm
Knife depth (E) 7mm 10mm 13mm
Supported angle (F) 15° 30° 45°
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Table 4. Material Property of SK5

Tensile Strength, yield 1500 MPa

Tensile Strength, ultimate 1680 MPa

Density 7.83 g/cc

Young's Modulus 205 GPa
Poisson ratio 0.28

Lyg Ao sgel] ok 2Ee] Al Al Skl digh 3 S0 S/NulE Aol ejste] Arkeh At
oF &#e] Fatel et AoE Table 5ol HeERigie

SN, = — 101og— Eyu (1

ji=1

Table 5. Rotary cutter simulation results for Max stress

Factor Knife Twisted No. of . Knife Supported Mean Max S/N
No. width angle knives Diameter depth angle Stress Ratio
(MPa) (dB)

1 3 0 4 80 7 15 815.9 -58.8
2 3 0 6 100 10 30 218.5 -47.4
3 3 0 8 120 13 45 103.1 -40.9
4 3 10 4 80 10 30 227.0 -47.7
5 3 10 6 100 13 45 119.4 -42.1
6 3 10 8 120 7 15 235.2 -48.0
7 3 20 4 100 7 45 113.4 -41.7
8 3 20 6 120 10 15 266.3 -49.1
9 3 20 3 80 13 30 387.8 -52.4
10 6 0 4 120 13 30 129.2 -42.8
11 6 0 6 80 7 45 106.6 -41.1
12 6 0 8 100 10 15 324.0 -50.8
13 6 10 4 100 13 15 259.7 -48.9
14 6 10 6 120 7 30 197.3 -46.5
15 6 10 8 80 10 45 217.4 -47.3
16 6 20 4 120 10 45 88.6 -39.5
17 6 20 6 80 13 15 609.4 -56.3
18 6 20 3 100 7 30 350.7 -51.5
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Figure 9. The shape of 18 rotary cutters
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012} Supported angle®} Diametero]® F 291 &3] SNH|S A s+ =4

Table 6. Analysis of variance of SN ratio (ANOVA Table)

Source SS d.f MS F Affecting ratio(%) p
Knife width (A) 0.597 1 0.597 0.06 1.7 0.813
Twisted angle (B) 9.691 2 4.845 0.49 7.9 0.633
No. of Knives (C) 11.603 2 5.801 0.59 9.1 0.583
Diameter (D) 113.998 2 56.999 5.81 29.4 0.039
Knife depth (E) 3.015 2 1.507 0.15 4.6 0.861
Supported angle (F) 296.114 2 148.057 15.1 47.3 0.005
error 58.841 6 9.807
Total 493.859 17
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Table 7. Anova table after Pooling

Source SS d.f MS
Diameter (D) 113.998 2 56.999
Supported angle (F) 296.114 2 148.057
error 83.747 13 6.442
Total 493.859 17
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Figure 11. Design concept and manufactured machine by the result of Taguchi method
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