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Prediction of fracture in hub-hole expansion
with a defected-edge model

Jong-Sup Lee and Hoon Huh

Abstract
The hub hole is usually formed with a stretch flanging process followed by a blanking process of a hole. Since the hole

is made by blanking, the blanked surface is so rough that the formability in the region is rather poor. The emerging task is

to identify the formability of the blanked region in the forming simulation and to relate the criterion to the real forming

process by experiments. In this paper, the blanked region of a hole surface is modeled by a defected-edge finite element
for stretch flanging simulation. The analysis deals with the level of defect in the blanked region in order to iderntify the
formability in the real process. The analysis provides the formability depending on the level of defect and seeks the way
to match the level of defect to that of the real surface. The approach makes the analysis possible to deal with the
formability of the high strength steel and predict the fracture at the hole surface during the stretch flanging simulation.

Key Words : Hole expansion test(7-%d 27 A %), Stretch flanging(41% £ #=)), Hub hole(3] 2. &)

1. M8

o QY 3R A AYe AR
A BEd FAVYY Fdoz Qs f43
77 "ok & ZWA (hole flanging) AP L
A5z 8 wheel)«] AZol glojA Fag FAHO
2 Adyg 3 Z(hub hole)®] 542 9 H=
A5 5ol “%o FE¥s UAA Fot FHH S Y
A 02 L7 (blanking)F Aol ol& AP T
A ‘3 (stretch flanging)d H& T3 A zdct A
F WA AYA FE E9 AANdA TTL o

257] 9@ 7|2 50| AAIF o g} O

@237 71ATE )

-131-

9 B T EJ7 FH gl AAH
7] Wl HE & FHe Aol LA Hn
ofel A% WA AFelM AP Ayl 2R
A Aok SR AP Aag 5] 9
g J1Eo] BERF FAHA A% & FHo Age
ool & dart 9o

2 =AM ey 93 HYEA4L no
&7 A% T A Ald(Hole expansion test)o]
TANNE AFE A FHLLEDLE o %

s Sgstdck. AP F4Y REE @
49 An vng Fahel AAe) A9 44}
@ 2% 2932 Asaart



2. 52 & &% oy

2.1 M =HA
de T FF APE 9
Fig2.1 3 &t} i & A 743
2492 Fig. 22 9 2o HE T 3 Algol
E3 298 B39 AYS A
FEg =7 Eogd £ =8dA4E
g3 A B3 dgel ddtzm A
B3 E0E 29y gu, B339
Z-gle] WAE TAAZTE A, e &
£ A5t 114 2dgo] uFAsht 2ES o
Hog B33yl Yslo 12298 AlgEATh

fo U

= ¥ X b rr

et
o

ot ¢

N, o
-~ .

¥

oX oX R

)

[o?

120

zs

I.__.J k—lm
T

Fig. 2.1 Hole expansion test specimen and tooling
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Fig. 2.2 Finite element modeling of hole expansion
test
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Table 1 Tolerance for Piercing
Sheet Hole dimension, mm
thickness, mm ~10 10~ 50 50~ 150
Achievable accuracy without special measures, mm

0.2-1.0 0.05 0.08 0.12
1.0-2.0 0.06 0.10 0.16
2.0-4.0 0.08 0.12 0.20
4.0-6.0 0.10 0.15 0.25
Achievable accuracy with special measures, mm
0.2-1.0 0.02 0.04 0.08
1.0-2.0 0.03 0.06 0.10
2.0-4.0 0.04 0.08 0.12
4.0-6.0 0.06 0.10 0.15




(@) (b)

©
Fig. 2.3 Modeling of defects:(a) defect with 8 mm depth and 4° pitch; (b)defect with 8 mm depth and 12°

pitch; (c) defect with 8 mm depth, 4° pitch and 45° interval
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Fig. 3.1 Deformed shape and effective strain
distribution of a hub hole
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Fig. 3.3 Effective strain of model using 90 elements in
circumferential direction with respect to
pitch of defects
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Fig. 3.4 Effective strain of model using 180 elements
in circumferential direction with respect to
pitch of defects
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Fig. 3.5 Effect strain distribution of edge of a hole
with respect to interval of defects
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