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Abstract — The press cutter is productive equipment that practically manufactures mechanical components and
polymer-based materials such as fabrics, papers, films, leathers, and rubbers into the desired shapes using a press
cutting tool. The plate cutting process is one of the primary energy absorbing mechanisms in a grounding or col-
lision event between a press cutter and a material on a die. The cutting mechanism is complicated and involves
plastic flows of a plate in the vicinity of the tip, friction between the wedge and the plate, deformation of the
plate. In this paper, we studied the effect of friction between cutter and plastic sheet for producing precise and
superior products. In this paper, the press cutter is analyzed numerically using MARC finite element program
for a optimization design of a press cutter. The FEM computed results show that the maximum von Mises stress

is concentrated on the tip of a press cutter, which may

lead to the edge wear or impact wear of the sharp cutter.

Based on the FEM result and Taguchi's experimental design method, the optimized design model 9 for a press

cutter is recommended as a best one.

Key words — press cutter, Taguchi's experimental method, polymer sheet, FEM.
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Fig. 1. Cutter model and design parameters for a
optimization using Taguchi method.
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Table 1. Factors and levels for Taguchi analysis

Factors
A((Z[): B(O-’z)l . .
deg(*) deg(” ) C(h)ymm  D(h,):mm
1 30 25 0.8 2.5
Levels 2 40 40 1.0 3.0
3 50 55 1.2 3.5

Table 2. Analysis layout of orthogonal array table of
Lo(3%)

Factors

Analysis No. A B ¢ b
1 1 1 i 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Fig. 2. Cutter FE models for Taguchi design and finite
element mesh.
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Table 3. Mechanical and thermal properties of cutter
and sheet materials

Properties SKDI1 PET
Modulus of elasticity, GPa 205 6.7
Density, kg/m’ 7850 1480
Poisson's ratio 0.29 0.39
Ultimate strength, MPa 1795 110
Yield strength, MPa 1515 100
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Fig. 3. von Mises stress distributions of a press cutter
against a PET sheet with an ultimate strength of
110 MPa.
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Fig. 4. Equivalent total strain distributions of a PET
sheet with an ultimate strength of 110 MPa against a
press cutter.
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Agake Avjeds A WBEL AB ) Auro)
A ST e HelFa Atk B9, A Ag
3ol Age S WYEL AY Ave] W)
we 27 e Yok 3, Fig 29 SAEY 749
£ AR BAIS AuRe] Fyo] ok T S
e AALE Jh Asel, wdl 138 ATHow

t]




oA Al og Zel 2 7§19 F

24

189

Table 4. Maximum von Mises stress, displacements in the x and y directions of a press cutter, and maximum
equivalent total strain of a PET material using a Taguchi design method and a FEM

Press cutter PET
M;g_el Max. von Mises stress Displ. in x-dir Displ. in y-dir. Maximum equivalent
[MPa] (x10™) [m] (x10%) [m] total strain
1 299.095 -10.1811 -1.72133 0.0114336
2 299.769 -1.76734 -1.72336 0.0114352
3 300.253 -6.01746 -1.72458 0.0114363
4 262.921 -8.3625 -1.72295 0.0114348
5 263.107 -6.97945 -1.72369 0.0114355
6 263.477 -5.71855 -1.72469 0.0114364
7 234376 -7.15237 -1.72364 0.0114354
8 234.638 -6.12247 -1.72446 0.0114362
9 234.714 -5.55115 -1.72466 0.0114363
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Fig. 5. Maximum von Mises stress and Max. equivalent
total strain of a presser cutter models as functions of a
cutter model number using a Taguchi's experimental
method.
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1.1x10° —— T Table 5. S/N ratios for a von Mises stress, equivalent
s total strain, and displacements in the x and y
o 1oxio’r 1 directions of a press cutter.
20
? - Analysis von Mises Equivalent Displ. Displ.
; No. Stress  total strain in-x dir. in-y dir.
= 00" \ \ . 1 -49.516 56.569  179.844 -155.283
o
§ — . o i 2 -49.536 56.550 182,195 -155.272
% \/\ 3 -49.550 56.536  184.412 -155.266
2 eoxto™ | - ° 4
a ¥ \, 4 -48.397 57.735 181.553 -155.275
5.0x10™" e 1 e . 5 -48.403 57.729  183.124 -155.271
Analysis number 6 -48.415 57717 184.854 -155.266
Fig. 6. Displacement in the x-direction at the edge of a 7 47398 58.750 182911 -155.271
press cutter as functions of a model number using a 47408
Taguchi's experimental method. 8 A7 58.741 184.261  -155.267
9 47411 58.738 185.112  -155.266
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Table 6. Design factors affecting the von Mises stress of a press cutter

Ao B:am C:h D:h Sum
-148.60 -145.31 -145.33 -145.33 -584.58
Levels 2 -14521 -145.34 -145.34 -144.34 -581.25
-142.21 -145.37 -145.35 -145.35 -578.29
Level difference 6.385 0.064 0.012 0.025 6.485
Affecting ratio, % 98.447 0.993 0.180 0.379 100

Table 7. Design factors affecting the equivalent total strain of a press cutter

Ao B:w C:h D: h Sum
1 169.65 173.05 173.02 173.03 688.77
Levels 2 173.18 173.01 173.02 173.01 692.24
176.23 172.99 173.01 173.01 695.24

Level difference 6.575 0.064 0.012 0.025 6.675
Affecting ratio, % 98.496 0.954 0.173 0.377 100
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the x direction at the edge of a press cutter

Ao B: o C: h D:h Sum
1 546.45 54430 548.96 548.08 2187.79
Levels 2 549.53 549.58 548.86 549.96 2197.93
3 552.28 554.37 550.44 550.22 2207.33
Level difference 5.834 10.070 1.586 2.146 19.637
Affecting ratio, % 29.711 51.281 8.077 10.931 100

Table 9. Design factors affecting the displacements in the y direction at the edge of a press cutter

Ao B: o C:h D:h Sum
i -465.82 -465.82 -465.81 -465.81 -1863.28
Levels 2 -465.81 -465.81 -465.81 -465.80 -1863.24
-465.80 -465.79 -465.80 -465.80 -1863.21
Level difference 0.018 0.030 0.007 0.012 0.067
Affecting ratio, % 26.359 45,381 10.810 17.450 100
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