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Analysis of Deformation Surrounding the Pierced Hole in the
Tube Hydro-Piercing Process

S. K. Choi, D. K. Kim and Y. H. Moon

Abstract
Deformation surrounding the hole in the tube during the hydropiercing process has been investigated in this study. The

tube is expanded and internally pressurized between upper and lower dies, and a piercing punch is driven forcefully

through a cross passage in the die and through the wall of the tube. The pressurized fluid within the tube provides support

to the wall of the tube during a piercing step to form a hole in the tube having less deformation surrounding the hole in the

tube. The deformation area may be fully retracted to a substantially flat form or partially retracted to a countersunk form.

In this study, a mathematical model that can predict deformation surrounding the hole has been proposed and

experimentally verified by actual hydropiercing test.
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Fig. 1 A sectional view showing the punching operatio
-n immediately prior to shear stress failure of
the material
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o 7] 4], D, : punch diameter
t : thickness of tube

T : shear strength
P : internal pressure
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Fig. 2 Experimantal relationship between rollover
and deformation zone
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Table 1 Mechanical properties of test materials

E

TS YS E total n-
Material uniform

(kg/mm?)|(kg/mm?)| (%) value

(%)
A 42.0 36.5 31.7 17.1 0.15
B 41.7 33.7 33.0 17.9 0.16
C 37.0 27.6 37.1 22.3 0.22
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Fig. 3 Schematic drawing of tube hydroforming
machine
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Fig. 4 Schematic drawing of hydro-piercing die
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Table 2 Variation of roll-over and deformation zone
with increasing internal pressure

internal rollover(mm)
pressure
material-A | material-B | material-C
(MPa)
0 3.75 3.65 3.85
5 2.05 2.15 0.4
10 1.45 0.75 0.4
15 0.4 0.25 -
20 0.8 0.45 0.45
25 0.45 0.7 -
30 0.35 0.25 0.35
35 0.25 0.45 -

internal Deformation Radius (mm)
pressure
material-A | material-B | material-C
(MPa)
0 18.9 17.6 15.65
5 15.4 13.2 10.8
10 10.9 8.7 7.8
15 8.8 8.0 -
20 9.1 8.3 8.0
25 9.1 8.2 -
30 7.3 7.6 7.7
35 7.9 7.8
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Fig. 7 Comparison of predicted value with experim-
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