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Finite Element Analysis of Bore-expanding Processes with Ductile Fracture Criterion

Hivohiko Takupa, Ken—ichivo Mori, Masashi Kanesuiro and Natsuo Hatra

Synopsis :

A criterion for ductile fracture is applied to the prediction of forming limit in bore-expanding processes of sheet steels.

Axisymmetric bore-expanding tests of mild steel and high strength steel sheets using conical-, hemispherical- and flat

-headed punches are simulated by the rigid-plastic finite element method. From the calculated distributions and

histories of stress and strain in the sheets, the fracture initiation sites and the critical strokes are predicted by means

of the ductile fracture criterion. The comparison with the experimental results show that the forming limits due to

various types of fracture initiations in the bore-expanding processes are successfully predicted by the present approach.
Key words : sheet metal forming ; bore-expanding ; mild steel ; high strength steel : forming limit ; FEM.
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Table 1. Chemical compositions of materials (mass %).

C Si Mn P S Al

Mild steel 0.033 0.02 0.20 0.017 0.014 0.030

High strength steel | 0.15 0.23 1.86 0.015 0.002 0.029

Table 2. Tensile properties of materials.

Mild steel High strength steel
F-value (7 = Fé") /[MPa 625 1020
Work-hardening exponent, n 0.23 0.14
Normal anisotropy parameter, r 1.17 0.91
Tensile strength /MPa 346 672
Elongation /% 36.6 22.2

Table 3. Material constants C, and C, in eq.(1).

Mild steel High strength steel
Ci| -0.043 - 0.098
C, 0.218 0.152
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Fig. 1. Specimen for bore-expanding test.

Blank holder

Fig. 2. Schematic of bore-expanding test using con-
ical-, hemispherical- and flat-headed punches.
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Fig. 4. (a) Deformed meshes and (b) distributions
of integral / in bore-expanding test using
conical-headed punch for high strength steel
sheet.
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Fig. 3. Specimens after bore-expanding test. Note that C.P., H.P. and F.P. indicate conical-, hemispherical- and

flat-headed punches, respectively.
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Fig. 5. Calculated result of bore-expanding test
using hemispherical-headed punch for high
strength steel sheet.

Fig. 7. Fracture initiation apart from bore edge of
high strength steel specimen in bore-expand-
ing test using flat-headed punch (7 =4mm).
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Fig. 6. Calculated result of bore-expanding test Fig. 8. Calculated result of bore-expanding test
using flat-headed punch (7, =4mm) for high using flat-headed punch (7, =8mm) for mild
strength steel sheet. steel sheet.
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Fig. 9. Fracture initiation around punch corner of
flat~headed punch (#,=2mm).

1.0
P.S.=15.8 mm
- L
-‘—& - 4
500.5_ 12.0 _
= i
= 9.0
6.0
3.0
O
0 5 10 15 20 25 30

Radial position from blank centre /mm

Fig. 10. Calculated result of bore-expandin
using flat-headed punch
mild steel sheet.
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(a) Mild steel (b) High strength steel
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Fig. 11. Comparison between calculated and experi-

mental critical punch strokes for various
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WORIETRIZBL O TRPERMLZEDERD LD, T
WEEED#RKOERZDCTE, BRERVFR e —2
BLURIMURL EREIRDOIE S RS it > T,
EY b USRI RIIEEHEDEVRD L b,

4. @B

AR TN, B2 DOEROR Y F % F 28RO R
MILOBFRERY Iav—sar®iTe, HBonlich-
O AEREY G, REBOIEIERIESRGERX % H o TR
RTHMEP RS, THIFEFR, BrFHK, #EZ Eomn
THRAEDREC DL 2HERES IS L CRERFROERC
DV, FEERIERE L L, EHERGRXOEA Y
AT LORERRTUCHMTH 5 2 LRSI NI,

It 3, AFFFTIIANTC O HALD 12 D UIHIR 2 2R &
L7223, SIEIMTRATIR S RIS Tirb 0¥ L
A—IRITH B, Ak, FTKSCI2RERPHEET S 2R
MriEO>CTHREIF LT S2v, 70, BUEREDME
HEOMBERIFET A2, HNRFHEYZEELL3
RICFENT S BETHA S,

b bz, REPEO—EIL, SUBAR AR (A7
(C) (2),N0.09650784) Dfifh # 2 Tirbaiz 2 L 245
T 5,

X Bk
1) HHEK : BHfFHRE, 34 (1958), 103.

29

12)

13)
14)
15)

16)
17)

HETEREE SR 2 H 8 L 72 I O A IRERFAT

HRG, FIRESR &R, 27 (1961), 776.

IWHAFERE, FAK F ¥ LmI, 7 (1966), 393.

HTPRIEE, opgHE, SHWEK CEMEL T, 9 (1968), 637.
Ik HE, V. Cupka, =T, OTH®ES (SELINT, 16
(1975), 1081.

A. Parmar and P. B. Mellor : Int. J. Mech. Sci., 20 (1978), 707.
B O, WARMHESC, FPIEMEE— ARG, 52 (1986), 380.
ik, M BHk, SIRIESE D HEERC, 59 (1993), 2855.
SR, PR, IBH%e— @ OFrRsEE, 69 (1994), 25.
H.W.Swift : ].Mech. Phys. Solids, 1 (1952), 1.

R.Hill : J.Mech. Phys. Solids, 1 (1952), 19.

Z.Marciniak and K.Kuczynski: Int. J.Mech. Sci., 9 (1967),
609.

S.Storen and J.R.Rice: J.Mech. Phys. Solids, 23 (1975), 421.
M.Gotoh : Eng. Fract. Mech., 21 (1985), 673.

mA O, & EE, R W, B EEEHEERC, 52 (1986),
1689.

K.Osakada and K.Mori: Annals of the CIRP, 27 (1978), 135.
S.I1.0h, C.C.Chen and S.Kobayashi: Trans. ASME, J. Eng.
Ind., 101 (1979), 36.

M.Ayada, T.Higashino and K.Mori: Advanced Technology
of Plasticity, ed. by K.Lange, Springer, Berlin, (1987), 553.
ZoARES, FHIELL B I, 33 (1992), 1273.

) S.E.Clift, P.Hartley, C.E.N.Sturgess and G.W.Rowe: Int. J.

Mech. Sci., 32 (1990), 1.

A.S.Wifi, A Adbel-Hamed, N.El-Abbasi and H.Harmoush :
Advances in Engineering Plasticity and Its Applications, ed.
by T.Abe and T.Tsuta, Pergamon Press, New York, (1996),
197.
THBEZE, #F
(1995), 985.
EHBE, & H-H0, LHEEAT,
(1996), 509.

Fe—BG, TREEEAT, AHER DSEL ML, 36

AHER ¥t EmI, 37

24) RRARFE  #EE, 75 (1972), 596.

5) R.Hill: The Mathematical Theory of Plasticity, Oxford

University Press, Oxford, (1950), 318.
K.Osakada, J.Nakano and K.Mori: Int. J.Mech. Sci., 24
(1982), 459.

187 I




