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Fig. 1 Appearance of punching machine.

Voltmeter

Amplifiar

@Strain gage

Fig. 2 Block diagram of system of punchless punching of a circular hole in thin sheet metal by ultrahigh pressure gas.
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Fig. 3 Schematic illustration of method of setting up
workpieces.
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Fig. 5 Cross sections of workpieces.

Cross section (¢) Microphotography

Fig. 4 Bulge deformation and punching of workpiece.
Aluminum (JIS A1060-H18), t=0.8 mm, dy=15 mm.
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Fig. 6 Osirodiagram of gas pressure as a function of

time.
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Fig. 7 Reclationship between pressure p and size ac-
curacy of punched hole 4d for different thickness t.
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Fig. 8 Relationship between thickness t and average
of size accuracy of punched hole 4d for different
diameter of dies hole d,.
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Fig. 9 Relationship between diameter of dies hole do
and average of size accuracy of punched hole 4d for
different thickness t.
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Fig. 10 Relationship between pressure p and shear
droop width e for different thickness t.
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Fig. 11 Relationship between pressure p and shear
droop width e for different diameter of dies hole dy at
a thickness of 0.6 mm.
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Fig. 12 Relationship between diameter of dies hole
do and the average shear droop width e for different
thickness t.
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Pig. 13 Changes in shape of bulge by difference of
hole diameter dg.
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Pig. 14 Minimum pressure p required to punch cir-
cular holes with diameter d, for different thickness t.
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