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ABSTRACT

The objective of this research is to study the metamorphosis behavior of the sheared edge of piercing
hole on high and ultra-high strength steel sheet at four levels of the clearance: 3%, 10%, 20% and 40%. The
different grades of high and ultra-high strength steel sheet with 1.2 mm thickness were tested with the circular
piercing punch with 20 mm diameter. The tooling was produced from cold work tool steel grade SKD11 (JIS)
with high hardness level at 60+2 HRC. The finite element technique combined with statistical analysis was
performed to investigate the effect of the die clearance on the metamorphosis behavior of the sheared edge of
piercing hole during the piercing process. The experimental results showed that the long shear surface was
observed for high strength steel workpieces at the narrow clearance. While the clearance increased, the shear
surface of piercing hole decreased. For ultra-high strength steels, the small shear surface was found for the
piercing at the narrow clearance (3-5%) because of low elongation characteristic. Therefore, the narrow clearance
was unable to produce the long-sheared surface. When applying the wider clearance at (8-10%), the sheared
surface was longer. However, the sheared surface gradually reduced when the clearance was wider than 10%.
Results from statistical analysis emphasized that the difference in clearance distance significantly influenced the

sheared surface of piercing hole for both high and ultra-high strength steels.

Key words: clearance, high strength steel, sheared surface, piercing process
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Workpiece Materials

Mechanical Properties

SPCC 440W 590Y 780G 980Y 1180Y
Yield strength (MPa) 215 339 405 512 707 823
Tensile strength (MPa) 321 460 619 807 1060 1285
Stress coefficient (K) (MPa) 415 817 1020 1320 1630 1695
Strain hardening exponent (n) 0.16 0.14 0.21 0.22 0.12 0.07
Critical damage value; (C)

1.47 1.12 1.135 1.15 1.05 1.08

(Cockroft & Latham)
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M50 3 AuuuNAdamansveunannaInNULTUITIGE 40W, 590Y Hag 780G

Material Model
The regression equation for 440w Sheared surface = 0.6148 - 0.01232(Clearance)
The regression equation for 590Y Sheared surface = 0.5150 - 0.01130(Clearance)
The regression equation for 780G Sheared surface = 0.3676 - 0.007564(Clearance)
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