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This paper describes the characteristics of the hydro-mechanical punching process on
developing. The process is investigated with the finite element analysis using the commercial
code(ABAQUS). The hydro—mechanical punching process is divided by two stages. The First
stage is the mechanical half piercing in which a upper punch goes down until the initial crack
is not occurred. The next stage is the hydro punching stage where a lower punch goes up
until the final fracture is occurred. In order to evaluate the fracture of material, the ductile
fracture criteria such as the Cockcroft, Brozzo and Ovane are adopted. The value of ductile
fracture criteria is calculated with VUMAT in ABAQUS Explicit. The hydro-pressure retards
the initial crack on a blank and induces the another crack under a blank during the punching
process. Then, the final fracture zone is placed on the middle surface of a blank to thickness
direction. Therefore, the more clear shearing surface can be obtained with the process of
hydro—mechanical punching than with the conventional one.
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Fig. 1 Details of sheared surface (a) (b)

Fig. 2 Procedure of Hydro-Mechanical Punching:
(a) Mechanical Half Punching; (b) Hydro-Punching
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Fig. 4 Boundary condition for hydro—pressure
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Fig. b Stress-strain curve for SAPH440



Table 1. Geometry of the punching process

Radius of Die and
Punch (mm)

6 0.03 0.04 15

Hole radius (mm)| Clearance (mm) Total blank length (mm)

Table 2. Constants for ductile fracture criteria

Material constants in ductile fracture criteria
Ci{Cockeroft) Cz(Brozzo) Cs(Qyane) Ca(Qyane)
0.7369 0.7955 1.9438 0.3831

Table 3. Fracture strain of the SAPH440

Fracture strain

Uniaxial Plane strain
0.7155 0.5686
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Table 4. Punch stroke at the initial crack

Punch stroke at initial crack
{Cockeroft) (Brozzo) (Oyane)

0.3084mm 0.30mm 0.185mm

(a) (b) (c)
Fig. 6 Distribution of ductile fracture criteria: (a) Cockcroft; (h) Brozzo: (c) Oyane

Fig. 7 The formation of burr generation (Cockeroft distribution)
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Fig. 8 The effect of hydro—pressure on fianl fracture position

Table 5. The fianl fracture position with respect to hydro-pressure

Pressure . .
(MPa) Initial crack Final fracture
0 il el 0.2957(upper) 0.39
5 (rmm) 0.3084{upper) 0.39
20 0.3527(lower) 0.42
50 0.2447(lower) 0.39

Fig. 9 Data extracting points
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Fig. 10 comparison of Cockcroft value with respect to hydro—pressure
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