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Abstract

Among the failure modes which can occur in tube hydroforming such as wrinkling, bursting or buckling, the bursting
by local instability under excessive tensile stresses is irrecoverable phenomenon. Thus, the accurate prediction of bursting
condition plays an important role in producing the successfully hydroformed part without any defects. As the classical
forming limit criteria, strain-based forming limit diagram (FLD) has widely used to predict the failure in sheet metal
forming. However, it is known that the FLD is extremely dependant on strain path throughout the forming process.
Furthermore, The application of FLD to hydroforming process, where strain path is no longer linear throughout forming
process, may lead to misunderstanding for fracture initiation. In this work, stress-based forming limit diagram (FLSD),
which is strain path-independent and more general, was applied to prediction of forming limit in tube hydroforming.
Combined with the analytical FLSD determined from plastic instability theory, finite element analyses were carried out to
find out the state of stresses during hydroforming operation, and then FLSD is utilized as forming limit criterion. In
addition, the approach is verified by a series of bulge tests in view of bursting pressure and shows a good agreement.
Consequently, it is shown that the approach proposed in this paper will provide a feasible method to satisfy the increasing
practical demands for judging the forming severity in hydroforming processes.
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Fig. 1 Analytical forming limit stress diagram (FLSD)
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Fig. 2 Analytical bursting pressure diagram
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(a) Case A
Fig. 3 Experimental bursting failure obtained from
bulge tests under different loading paths

(b) Case B

(c) Case C

Table 1 Measured bursting pressure values and axial
feeding displacements
Bursting pressure

Axial feeding

Case values [MPa] displacements [mm]
A 58.0 13.0
B 56.0 19.0
C 53.0 21.0
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Fig. 4 Time histories of f-value for each load case
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Fig. 5 Distributions of f~value at experimental bursting pressure value
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Fig. 6 Influence of anisotropic parameter R-value on
bursting pressure

A Oﬂf\i a AL AAst=d wg 8 =77t
9tk 28y 4 F AR vAYEA

°‘ OPOI‘:Ei"‘ TAAA FEEA L Frol=a]l
o2 ALy AME HdEdEe] HMPF =
of Wiz el HF Hojok ok wEbd £
04—?01]*1% Fig. 7@l st o] FU3 o4 o
WEF deje] mestr] s Al 7HAY AR o
A2 gt EAE AT Loading path
A 3 Feols F AT AFAY B¢

2 Loading path B = Z7] W<t Wk 20MPa 714
Loading path C +=

A F ARAA 7

o =
s

4

P

o

2.
I 2 Ho l-N'

)
N,
O
0,
B
o
2 o

o 1 AFHE Fig. 1yl UYEHAAT $3
)7} o 8 Hlealtﬂfﬂﬁ; G S SARPS R = =Y
steA =zl gg o5 3
Ao v & A3
AtHNEE Wy AR} 29 FHNAM Fa=

Agowt 2 AFIAE dZsl=d F83 AL
2 Yey.
7.2 B

2 dFd e #A stol= ug ZAN A
Y @A A5 9% a}wxq mEgA 47 o
A 21E o83 AF A &8 A=E A
Ak, 3 A JHA AZ e dFARC O
FE#a04e FLSD & ol8dtel HY A
d5stglon] APy HFE T3 o9 48T
e HAEFH A0 i Al & ARYSF
E HAY AL A a2t e & F
gtk =g nAEE AR A £FH HAY
Hdizme HPFEEA v g4 AFe 23
omuetr WMPAZIL FIF AN =58
BHIgEdmte] AYAAE dSsted 83
Aoz vyt

[1] Y. Yamada, 1. Aoki, 1966, On the tensile plastic
instability in axi-symmetric deformation of sheet
metals, J. JSTP., Vol.67, pp. 393~406 (Japanese).

e AMIIZEE X /M 147 H6E, 2005H/531



Loading Path A ' 2 3 . 5

Internal Pressure(MPa)
5

Loading Path B s 2 3 A s

Intarnal Pressure(MPa)
N
]
h

Loading Path C P A 3 4 s

Internal Pressure(MPa)
a
&
L

T T T T T v
0 4 8 12 16 20
Axial Feeding(mm)

(a) Input loading paths

80

Bursting Presssure (MPa)
g
/ !

—{1— Proportional Loading
30 o e L'vading Path A"
—&— Loading Path B
-—A— Loading Path C
20 T T T T T

8 10 12 14 16 18 20

Axial Feeding (mm)

(b) Predicted bursting pressure values for different
loading paths

Fig. 7 Effect of loading path on bursting pressure

diagram

532 /=Mt 3EE X /M 14 M6S., 20054

[2] H. L. Xing, A. Makinouchi, 2001, Numerical
analysis and design for tubular hydroforming, Int. J.
Mech Sci., Vol.43, pp. 1009~1026.

[3] J. Tirosh, A. Neuberger, A. Shirizly, 1996, On tube
expansion by internal fluid pressure with additional
compressive stress, Int. J. Mech Sci., Vol.38, pp.
839 ~851.

[4] Z. C. Xia, 2001, Failure analysis of tubular hydro-
forming, J. Eng Mater Technol., Vol. 123, pp.423~
429.

[5] G. Nefussi, Combescure, 2002, A Coupled buckling
and plastic instability for tube hydroforming, Int. J.
Mech Sci., Vol.44, pp. 899~914.

[6] H.J. Kleemola, M. T. Pelkkikangas, 1977, Effect of
predeformation and strain path on the forming
limits of steel, copper and brass, Sheet Metal
Industries, Vol. 63, pp. 591~599.

[71 R. Armieux, C. Bedrin, M. Bovin, 1982,
Determination of an intrinsic forming limit stress
diagram for isotropic metal sheets, Proceedings of
the 12" Biennial Congress of the IDDRG, pp.
61~71.

[81 T. B. Stoughton, 1999, A general forming limit
criterion for sheet metal forming, Int. J. Mech. Sci.,
Vol. 42, pp. 1~27.

[9] T. B. Stoughton, X. Zhu, Review of theoretical
models of the strain-based FLD and their relevance
to the stress-based FLD, Int. J. Plast., Vol. 20, pp.
1463~1486.

[10] Z. Zimniak, 2000, Implementation of the forming
limit stess diagram in FEM simulations, J. Mater.
Process. Technol., Vol. 106, pp. 261~266.

[117 R. Hill, 1983, The Mathematical Theory of
Plasticity, Oxford University Press, New York.

[12] B. N. Nguyen, K. I. Johnson, M. A. Khaleel, 2003
Analysis of tube hydroforming using an inverse
approach with FLD-based adjustment of process
parameters, J. Eng. Mater. Technol., Vol. 125, pp.

133~140.



