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Table 1 Diameter of Punches and Die

Diameter [mm]
Punch Die
10 10.2,10.6,10.8
15 15.2
20 20.2
25 25.2,25.6,25.8

Table 2 Ratio of clearance to plate thickness for SPCC

Punch [mm] Clearance [%4
10 3.125, 6.25, 9.375,12.5, 18.75, 25.0
15 3.125, 6.25
20 3.125, 6.25
25 3.125, 6.25, 9.375,12.5,18.75, 25.0

Table 3 Ratio of clearance to plate thickness for S45C

Punch [mm] Clearance [%4

10 6.25, 18.75
15 6.25

20 6.25

25 6.25, 18.75, 25.0

Fig.1 Punching device
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Fig.2 Universal tensile and compression testing
machine
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Fig. 3 Axisymmetric model for analysis

Table 4 Condition of FEM models

t1.6 t3.2
Initial number of elements 5000 10000
Initial number of nodes 5271 10291

Initial element length [mm] 0.08 0.08

Minimum element length
after remeshing [mm]

0.01 0.01

Table 5 Material properties (SPCC)

Young’s modulus [GPal 200
Poisson’s Ratio — 0.3
Yield Stress [MPa] 154

Table 6 Material properties of S45C

Young’s modulus [GPal 216
Poisson’s Ratio — 0.3
Yield Stress [MPal] 330
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Fig.4 Flow stress-plastic strain relation for SPCC
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Table 7 Ductile fracture criteria

Fracture criteria

Ductile Fracture
Equations

Oyane [5][6]

[ (a+Zmyaz=c,
0 o,

Ayada [8]

-[:/ (&)dg =G,
o,

Cockeroft and
Latham [7]
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0 o,
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Fig.6 Schematic figure of cut surface for
experiments
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Fig. 8 Sheared surface of SPCC (Maximum)



Fig.10 Sheared surface of S45C (Maximum)

Fig.11 Definition of cutting length /for finite
element method
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Fig. 12 Relationship between clearance and
sheared surface length (SPCC)
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Fig.13 Relationship between clearance and sheared
surface length (S45C)
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Fig.14 Relationship between sheared surface length
and value of each fracture criterion (SPCC)
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Fig.15 Relationship between sheared surface length
and value of each fracture criterion (S45C)
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Fig.16 Relationship between sheared surface length
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Fig.17 Relationship between sheared surface length
and value of each fracture criterion(S45C)
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