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Abstract

The hole expansion tests using conical punch, flat punch or hemispherical punch are widely used for stretch flangeability
verification of HSS. In this study, we investigate the strain distribution on the shear edges of the hole expansion test using
grid marking and a projector. A small crack at the edge is distributed, resulting in a large gap between the HER and the crack
strain. The strain distribution at the edges is irregular due to anisotropy of sheet metal. While an edge perpendicular to the
rolling direction indicate a lower strain level compared to an edge parallel to the rolling direction, edge cracks occur at the
edge perpendicular to the rolling direction. To predict the manifestation of edge cracks in FE analysis, the result of the hole
expansion test with a crack strain measurement may well be a better tool than FLD. In this case, the level of strain and the
direction of the edge relative to the rolling direction should be well considered.
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Table 1 Test material and punching condition
CHSP80DP
Material Thickness 1.2 mm
Total elongation 22.3%
Die clearance 12.5%
coPnltjr;fiT)n Punch diameter 40.0 mm
Die diameter 40.3 mm
@105

) b= 6 40 \AR6.5

@100

Fig.1 Schematic diagram of hole expansion test
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Fig.2 Marked sheared edge with laser

Fig.3 Specimen after hole expansion test
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Fig.5 Measurement method of a grid with edge crack
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Table 2 Hole expansion test results

Crack A(=HER-Crack Punch
Test |HER(%) . ( .
Strain(%) Strain) Stroke(mm)
#1 29.38 23.17 6.21 19.89
#2 26.48 18.78 7.70 19.12
#3 28.48 20.18 8.30 19.81
Average | 28.10 20.71 7.43 19.61
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Strain(%)

—e—Test #1
——HER for Test #1
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Position at edge (=angle to rolling direction) (degree)

Fig.7 Strain distribution at after hole expansion test #1
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Fig.8 Strain distribution at after hole expansion test #2
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Fig.9 Strain distribution at after hole expansion test #3
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Fig.12 Strain distribution at edge predicted by FEA for
hole expansion test
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