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S. Hong, H. Hyun, J. Hwang
(Received January 8, 2014 / Revised March 6, 2014 / Accepted March 18, 2014)

Abstract

To predict the deformation and fracture during tube expansion using the finite element (FE) method, a material model is
considered that incorporates the damage evolution due to the deformation. In the current study, a Rice-Tracey model was
used as the damage model with inclusion of the hydrostatic stress term. Since OFHC Cu is not significantly affected by
strain rate, a Hollomon flow stress model was used. The material parameters in each model were obtained by using an
optimization method. The objective function was defined as the difference between the experimental measurements and FE
simulation results. The parameters were determined by minimizing the objective function. To verify the validity of the FE
modeling, cross-verification was conducted through a tube expansion test. The simulation results show reasonable
agreement with the experiments. The design for a minimum diameter of expansion tube using the FE modeling was verified

by a simplified tube expansion test and simulation results.
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Fig. 1 Tube specimen used for the tensile test
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Fig. 3 Results of the tensile test
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Table 1 Determined parameters of the Hollomon model

Parameter Value
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Fig. 4 Results of the confirmation simulation for
determined parameters of the Hollomon model

12

A28 Hessian matrix2 ¢ dlo]E sl HH
Cx70e AR W oA dAH R H
slstal, 1 AI}E 7)o =2 trust region o=
HIE &35 WAL wiite] o
ol wlE]l A HAE FHE THEA o)
Aeeta A How A HArE IS
ER A E R E X I

of ZAletER 19
Table. 13} 731, 9]
= Fig. 49} #t}.
2% o]stE wi-g- zFow 72
welt}, webA Holloman 29
OFHC Cu®l fr&&Ho= A3

=1

R

> o o ™

=

)

4w

4 no
NN
- m

5= |U:
>

o o

~N T

d

%2
rr
ol
-z
X
H
:

tio _% ¥
i o
XN oo

X

N
pe)

e

N
~—

op

Zwick GmbH 250kN)E A}
7mm, F71& 0.33mmo] . Z o]
o #H29 HEE 5mm/mine 2 A A,
A Doy s 3mmolidt W s &
g mede) Are mE dhE-We

W=D 200 30°2 A

)

N
ol on
¥ rlo

>,

o
2

153

ol
o

Hﬂﬂiﬂmﬁ@ oo fo dy )y
N

o

o
o

sl il
A7) s MEdS

=
[H
1o



>
)
o
it
ne
o M
Ho
of
olo
1
o
)
o
L2
qm
and IE

v}
l'UE:“ ol
to ™

AT ™

op

> M2 oox ¥ oM

e

AN o |

forhe

il
4

=
3
r1r
>.
X,
T
o
2
i)
N
2
A
o)
o
Qo
- >~
>

b

L2 X

Cockcroft2} Latham (1968)2 <14
Al <t t)‘,‘iﬂr[ﬂ At A= A W
sHA O] =3t wf AJFtE =), o]+
o] AW FEARE A AEE o] ALtEn Oh
(1979)2 Cockcrofte} Lathame] o] =2 2] (3)3} #o]
4asE o 1 ro] gukslaglon oS Normalized
Cockroft-Latham criterion©] E‘r tfPE‘r[S].

%
s

jﬁt ot
2 18
ol
olo

wWEre] FH gyl g A 167

Table 2 Determined parameters of the Rice-Tracey
ductile fracture model

Parameter Value
a 1.086
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Fig. 6 Finite element modeling for the tube expansion

test
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Fig. 7 Results of the confirmation simulation for
determined parameters of the ductile fracture
model: (a) 20° mandrel, (b) 30° mandrel
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