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Fracture Analysis of Hole Flanging Process for
High Strength Steel Sheets

J. W. Kim, B. J. Kim and Y. H. Moon

Abstract

Hole flanging experiments are performed on flat circular plates with a hole in the center and the
flangeability and fracture behaviors of TRIP steels and Ferrite-Bainite duplex steels were examined. In

the hole flanging, deformation by lip and petalling occurs when plates are struck by punches of various
shapes and high circumferential strains induced in the target material cause radial cracking and the
subsequent rotation of the affected plate material in a number of symmetric petals. In all cases, failure of
the plate was due to lip fracture that results from multiple localized neckings that take place around the
hole periphery where straining is most severe and a somewhat regular pattern was observed in a fracture
shape. The neck characteristics in flange formation and the transition from the lip to petal mode at which

fracture occurs were compared with two materials.
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Fig. 1 Schematic process diagram of hole flanging test

]

1]

iz Irr7777zz77777a Initial
E i w7, 772
= == 2

E %ﬂ[[y ]
72T, | 7 I
%W

%W
V27777, /%::% 7z Full

sectional views of

Fig. 2 Progressive punching of petals :
deformed plates with lip
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Table 1 Tentile properties

Yield Tensile Bl .
Material strength Strength‘ Or(lbg/a)tlon
(kgflmm®) | ( kgflmm®) 0
F+B 433 580 137
TRIP 596 779 179

Table 2 Material used in the test

. Hole Diameter:Hd | Thickness
Materials (mm) (mm)
JRIP ¢125, ¢14, ¢ 16,
¢ 18, ¢20, ¢ 22, 10. 20 31
F+B b 24, ¢26, ¢28, et o
Steel ¢ 30, ¢32, ¢34
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Fig. 3 Specimen shape before and after hole flanging
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Fig. 4 Progressive perforation of steel plates for
variation of punch load with displacement
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F+B Steel (b) TRIP Steel. Plate thickness 2.0mm
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Fig. 6 Deformed specimens. (a) lip(Hd:24mm) and (b) petal(Hd:12.5mm), (c) petal(corner fracture,

Hd:11mm), (<—rolling direction). TRIP Steel

Fig. 7 The phenomena of fracture on the rolling direction of the flange in the hole flanging process. (a)
0° (Hd:18mm), (b) 90° (Hd:16mm), (c) four petals(Hd:1Imm). TRIP Steel showing start and

finish of fracture with petal formation

Thickness
iy (a) (b) (0)
1.0
(d) (e) 0
2.0
Fig. 8 Deformed shape of TRIP Steel with respect to reduction of hole diameter
hole diameter: (a) 24mm, (b) 18mm, (¢) 14mm, (d) 18mm, (¢) 14mm, (f) 12.5mm
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Fig. 9 Deformed shape of F+B Steel with respect to reduction of hole diameter

(b) 14mm, (c) 12.5mm, (d) 18mm, (¢) 14mm, (f)12.5mm
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Fig. 10 Optical micrographs showing surface cracks

into the interior (a)TRIP Steel and

(b)Ferrite-Bainite Duplex Steel
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