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Hydro-mechanical hole punching
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FE Analysis for hydro-mechanical
Hole Punching Process

J. H. Yoon, H. Huh, S.S. Kim, H. J. Park, T.

Abstract

H. Choi and H. J. Lee

The milli-components for electronic and medical device etc. have been manufactured by conventional process. Forming

and machining process for those milli-components need tremendous cost and time because products require higher

dimensional accuracy than the conventional ones. For instance, conventional mechanical punching process has many
drawbacks for applying to high accuracy products. The final radius of hole can be varied and burr which interrupting
another procedure is generated. Hydro-mechanical punching process makes possible to reduce amount of burr and obtain

the fine shearing surface using the operating fluid. Hydrostatic pressure retards occurrence of initial crack and induces to
locate the fracture surface in the middle of sheet to thickness direction.

In this paper, Hydro-mechanical punching process is analyzed using finite element method and the effect of hydrostatic
pressure is evaluated during punching process. The prediction of fracture is performed adopting the various ductile

fracture criteria such as Cockcroft, Brozzo and Oyane’s criterion using a user subroutine in ABAQUS explicit .

Key Words : Hydro-Mechanical Hole Punching Process, Ductile Fracture Criterion (€4 %} 3} 7] £), User subroutine (A}
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Fig. 1 Details of sheared surface
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Fig. 2 Procedure of Hydro-Mechanical Punching:
(a) Mechanical Half Punching; (b) Hydro-Punching
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Table 1 Specification of Dimension

Table 2 Material Constants in ductile fracture criteria

Die Cavi Total Length Radius of a
e Lavity of Workpiece | Die/Punch carance
6mm 15mm 0.04mm 0.03mm

Fig. 3 Initial Mesh Geometry for Punching analysis
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C, (Cockeroft) | ¢, (Brozzo) | ¢,(Oyane) | ¢, (Oyane)
0.7369 0.7955 1.9438 0.3831
Table 3 Fracture Strain in Tensile Test
£, (uniaxial) 0.7156
g, (plane strain) 0.5686

Table 4 Punch Stroke until Initial Crack Occurs

Cockeroft

Brozzo

Oyane

0.34mm

0.32mm

0.14mm

©
Fig. 4 Deformed Shape after 1-step process:
(a) Cockeroft; (b) Brozzo (c) Oyane’s criterion
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Fig. 5 Deformed Shape according to Lower Punch
Stroke: (a) 0.09mm; (b) 0.12mm; (c) 0.18mm;
(d) 0.21mm

Table 5 Lower Punch Stroke at Final Fracture

Pressure(MPa) 5 10 50 100

0.45

Stroke(mm) 0.39 0.42 0.45

312 84 53
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