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Fig. 1 Schematic view of concise reciprocal punching process with
divided metal flow
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Fig. 2 Simulation model for 1st partial shearing process with pre-hole

Table 1 Simulation condition for partial shearing process

Diameter : ¢ 50 mm
Thickness : 10 mm

Blank o = 1682067 MPa
Pre-hole diameter : 12, 16, 18 mm
Punch Punch profile radius : 0.0 mm

Clearance : —5 %

Die Inner Diameter : ¢21.3 mm

Blank holder Inner Diameter : ¢25.0 mm
. . Diameter : ¢21.3 mm
Die cushion Inner diameter : ¢ 16 mm
Lubrication condition Shear friction assumption 7y = mk

Shear friction coefficient m = 0.02




Fig. 3 Simulation model for 2nd push back process
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Fig. 4 Schematic view of displacement vectors after partial shearing
process with pre-hole diameter as parameter. Penetration depth
50% in thickness.
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Fig. 5 Influence of pre-hole diameter on location of neutral surface after
partial shearing process. Penetration depth 50% in thickness.
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Fig. 6 Schematic view of displacement vectors after partial push back
process with pre-hole diameter as parameter. Penetration depth
50% in thickness.
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Table 2 Experimental condition for partial shearing process
Diameter : ¢ 50 mm
Thickness : 10 mm
Material: Commercial pure aluminum
Blank (A1050-H24) b
o = 168¢%°67MPa
Pre-hole diameter : 0, 16 mm
Punch profile radius : 0.0 mm
Clearance : -5,-7.5,-10,-12.5,-15%
Die Inner Diameter : ¢21.3 mm

Punch

Blank holder Inner Diameter : ¢25.0 mm
Die cushion Diameter : ¢21.3 mm
Inner diameter : ¢ 16 mm
Lubricant Kyodo-Yushi Co.,Ltd. “Clear Lub PB 120”
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Fig. 7 Schematic view of experimental apparatus

Fig. 10 Schematic of test piece with pre-hole diameter 16mm
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(a) Separated (b) Unseparated
Fig. 11 Schematic view of blank after push back step

(b) After push back step

(a) After partial shearing step
Fig. 12 Cross-section view of test-pieces
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Fig. 13 Influence of clearance in the partial shearing process on capability
of separation in push back process
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