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A study on deformation characteristics
of tube hydro-piercing process

S.K. Chei, I.T. Ahn, Y.H. Moon

Abstract

Deformation surrounding the hole in the tube during the hydro-piercing 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 hydro-piercing test.
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o]7]A, Dp : punch diameter
t  thickness of tube
T . shear strength
P : intemal pressure
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Fig.1 A sectional view showing the punching operation
immediately prior to shear stress failure of the material
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Fig.2 Experimantal relationship between rollover and
deformation zone
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Table 1 Mechanical properties of test materials

tensile yield total |uniform
Material | strength | strength | el. el. n-value
(kg/mmd|(kg/mm®)| (%) (%)
A 42.0 365 317 | 17.11 0.146
B 41.7 33.7 33.0 | 17.95 0.160
C 370 276 37.1 | 2231 0.221




Fig.3 Schematic drawing of hydro-piercing die system
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Table 2 Variation of roll-over and deformation zone
with increasing internal pressure

internal rollover{rum) deformation

pressure . radius(mm)
0 375 | 365 | 385 | 1890 | 1760 | 1565
5 235 | 235 | 140 | 1540 | 1315 | 1080
10 145 1 075 | 045 {1090 | 865 | 7.80
15 045 {025 | - |85 795 | -
20 08 | 045 | 040 | 905 | 830 | 795
25 045 | 07 - Jopslgos | -
30 035 | 025 | 035 | 7.30 | 760 | 775
35 Jo02oss | -~ T700 | 780 | -
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Fig.4 Comparison of predicted value with experimental
value, (a) roll over and (b) deformation radius

4. 43 3 nF

Ztzke] AAWE YoHg WA A slol=g Floj4)
AgS dto] dojR Algola 248 Foviel Wy
£ o} Table 2 o Hehlgich

Table 2 ol JeRd ule} o), 4 &4 BF Fr%
of +EE ThFA] ok 740 Mpa) E 9w 2 ¥y
dge] A3 el FATRFE & 2 2 EFuiAo]
Zages & ¢ don Afdes Fur ¢ &Y
TE & ov 2 wygvAoe] B eyt

AYE Es YoiR Table 2 o AHE Fa.p)L E3)
At 22wl Eq.(8)0& E3) A wavtdn v
=3

Eq.(6) # Eqd)s 9&nde olgdlq slej=z 3
oJAAl WA= EQu 9}
g Agzxa $4g 10mm 3
AE o183 2mm T FRE ststd Eows)
RPEHAE AMSAT BFAS C & duidiags

- 239 -



T T T
—0.5t from Eq
---------- 1.0t from Eq

- ~1.5t from Eq
—-2.0t from Eq
——--3.0t from Eq

Rollover, mm

Internal pressure, Mpa

30 T T T T T T
\\ ——0.5t from Eg
YLV e 1.0t from Eq
25 \ \ - 4.5t from Eq
3 \ \ ——-—2.0t from Eq
E 20}t \ \ ——-3.0t from Eq
b=}
It
x
°
E
2
@
a

Internal Pressure.Mpa

Fig.5 Predicted (a) roll over and (b) deformation radius
at various tube thickness
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