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Abstract :

Although post-processing by using trimming dies has been continuously conducted to shorten the processing time of

press-hardened steel, it is quite difficult to secure the life expectancy of the dies due to its high strength at 1.5 GPa. Therefore, in
this study, hot piercing was performed at 550 °C during the quenching process of press-hardened steels. The characteristics of the
pierced holes were analyzed after changing the shearing angle of the piercing punch. The specimen on which a flat punch with a
shear angle of 0° was applied showed a 17 % rollover, 65 % burnish, and 18% fracture, all relative to depth. However, when a
piercing punch with a shear angle of 2° was applied, the surface quality deteriorated considerably, with a 14 % rollover, 12 %
burnish, and 74 % fracture. These results indicated that when a piercing punch with a shearing angle was applied, the diameter of
the piercing hole increased above the target dimension. This can be attributed to the unbalanced load occurring in the radial
direction of the piercing punch when the active surface of the punch failed to make contact with the material in the circumferential
direction. Moreover, the application of the piercing punch also reduced the effect of the shear load. This can be explained by the
temperature at which the piercing process was performed (i.e., 550 °C), which was higher than the martensitic transformation
temperature of press-hardened steel. Therefore, the application of a piercing punch with a shearing angle is deemed unsuitable for
the piercing process, which would be conducted during the quenching of press-hardened steel, for the following reasons:
decreased quality of the processed surface, increased diameter of the processed hole, and reduced impact load.
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Fig. 2 Sheared surface; (a) Measure points of sheared surface based
on the shearing angle of the piercing punch, (b) Characteriza-
tion of rollover, burnish and fracture
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Fig. 3 Characteristics of sheared surface depending on shearing
angles of piercing punch; (a) Shearing angle 0°, (b) Shearing

angle 2°
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Fig. 4 Sheared surfaces by position when applying shearing angle
0°; (a) Section 1((D, @), (b) Section 2 (B, @), (c) Section 3
(®, ®), (d) Section 4 (@, @)
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Fig. 5 Sheared surfaces by position when applying shearing angle
2°; (a) Section 1 (D, @), (b) Section 2 (B, @), (c) Section 3
(®, ®). (d) Section 4 (D, ®)
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Fig. 6 Dimensional accuracy of pierced holes depending on shearing
angles of the piercing punch
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Fig. 7 Comparison of the cutting force during piercing process by
using the piercing punch with the shearing angle 0° and 2°
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Fig. 8 The maximum cutting force of press-hardened steel with
variations of piercing temperature
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