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A Study on Shear Fracture Behavior of Metal
in Micro Hole Punching Process

J. H. Yoo, S. H. Rhim, B. Y. Joo and S. 1. Oh

Abstract

Inthe micro hole punching, the size and shape of burr and burnish zone are very important factors to evaluate quality

of micro holes which depend on punch-die clearance, strain rate, workpiece material and etc. To get micro holes with

small burr and wide burnish zone for industrial demands, not only the parametric study but also a study on fracture

behavior in shear band are necessary. In this study, 100 pm, 25 um micro holes in diameter were fabricated on brass

(Cu63/Zn37) and SUS 316 foils as aspect ratio 1:1, and the characteristics of micro holes was investigated comparing

with those of macro holes over several mm by scanning electron microscopic views and section views. Like macro hole,

micro hole is also composed of 4 portions, rollover, burnish zone, fracture zone and burr, and it shows similar fracture

behavior in shear band. But by high strain rate (10° ~ 10° s') condition unlike that of macro hole fabrication and by the

increment of relative grain size in the direction of the workpiece thickness, fracture zone is not observed.
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Fig. 1 Micro hole punching system : (a) vision part (b)
punch-die alignment part (¢) micro hole
fabrication part
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Fig. 2 Micro punching tools : (a)p 25 /m punch
(bYd 100 tm punch (c)d 27 um die hole
(dd 110 um die hole
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Table 1 Material properties of workpieces

Property brass SUS 316
Modulus of elasticity [(Pa] 102 200
Tensile strength [MPa] 330 550
Brinell hardness 100 175
Melting point [K] 1200 1670
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Fig. 3 Schematic view of edge profile
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Fig. 4 SEM view of micro punched hole - Brass (a)
¢ 25 m upper side (b)d 25 (m lower side (c)
$ 100 im upper side(d)p 100 m lower side
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Fig. 5 Edge profile and wall shapes of brass :
(a)(b) & 25 m (c)(d) ¢ 100 /m

Fig. 6 Microstructure of brass : (a) t 25 um
(b) t 100 m
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Flg 7 SEM view of 100 tm micro punched hole :
(a) brass upper side (b) SUS 316 upper side
(c) brass lower side (d) SUS 316 lower side

Fig. 8 Edge profile and wall shapes of 100 ¢m holes
: (a)(b) brass (¢)(d) SUS 316
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