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Effect of Shearing Condition on Hydrogen Embrittlement at Sheared Edge

of High-Strength Steel Sheets

Ryuji MORIHARA - Atsuhiro SHIRAKI + Michiharu NAKAYA
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Abstract

Delayed fracture is a concern in the application of high-strength steel sheets with a tensile strength exceeding
1,180 MPa, and it is necessary to select appropriate processing conditions to suppress residual stress. In this
study research has been conducted to clarify the effect of clearance and tool wear on the delayed fracture of a
sheared edge, one of the areas susceptible to delayed fracture. Test pieces were made by shearing a 1,470 MPa
grade steel sheet with various clearances and punches with different wear levels and were immersed in
hydrochloric acid. The results show that the number of cracks caused by delayed fractures becomes high when
the clearance is 10-15%, and low when the clearance is less than 10% or greater than 20%, and that the number
of cracks increases when a worn punch is used. These trends are consistent with the changes in the residual

stress of the sheared edge.
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Table 1 Mechanical properties of sample steels

Sample Thickness YS TS EL
(mm) (MPa) (MPa) (%)

X 1.2 1,321 1,537 6

Y 1.4 1,427 1,578 5
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Fig.2 Cross-sectional observations of new punch and worn punch pointed by arrows
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Table 2 Punching clearance condition

sample| Nominal clearance

10 15 20 25

X | Dd (mm) 10.2 | 10.3 | 10.4 | 10.5 | 106
1.2mm| cajculated clearance (%) 12.5 | 16.7 | 20.8 | 25.0
Y |Dd (mm) 10.2 | 10.3 | 10.4 | 10.6 | 10.7

1.4mm)| calculated clearance(%)

107 | 143 | 21.4 | 25.0

3 BNV FERMRA LT b EGRomE MEY, 20752 X15%)
Fig.3 Appearance of edges sheard by the worn punch (sample: Y , clearance 15%)
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Fig.4 Examples of delayed fracture cracks in sheared edge (left: sample X, clearance 10%, right: sample Y, clearance 7 %)
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Fig.6 Relations between the number of cracks observed in sheared

edge and clearance
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Fig.7 Number of cracks observed in sheared edge around the hole
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Fig.14 Schematic illustration of crack of delayed fracture and residual stress on sheared edge
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Fig.16 Schematic illustration of material deformation just before cracking
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