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Abstract

Hydroforming of a non-axisymmetric thin-walled tubular component with variable cross sections was
analyzed. In order to solve the sealing problem which occurred due to the thin and non-axisymmetric shape, the
use of a lead patch on the punch, which had been successful in hydroforming of thin tubes, was evaluated. A lead
patch was attached to the punch to solve the sealing problem, which was caused by the stress gradient in the non-
axisymmetric shape. FEM and experiments were also performed to analyze these sealing problems associated
with the punch shape and non-axisymmetric shape. Finally, the lead patch was attached at tube surface where
intensive local strain concentration would occur to enhance the hydroformability. These methods were
successfully used to fabricate non-axisymmetric thin-walled tubular component with variable cross sections that

had previously failed during traditional hydroforming.
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Table 1 Dimensions and material properties of the tube

Outer diameter (mm) 83.0
Inner diameter (mm) 80.2
Tube thickness (mm) 14
TS (MPa) 282

YS (MPa) 178

EL (%) 49
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(b)
2 Hydroforming die for complex and non-
axisymmetric model part; (a) upper, (b) lower die

Fig.

Table 2 Analysis condition for FEM

Simulation model Full model
Friction coefficient between die
Coulomb 0.02
and tube (p)
Number of elements about 100,000
Mesh type tetra
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(@)

(b)
Fig. 3 (a) FE analysis model, (b) model part

(@) (b)
Fig. 4 Schematic drawings of cross section of punch; (a)
one step punch, (b) two step punch
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Fig. 5 Experiment result according to punch shape; (a)
one step punch, (b) two step punch
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Fig. 6 Comparison of internal pressure between one

step and two step punches
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Normal stress on die
Unit : MPa
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Fig. 7 FE analysis result of stress distribution occurred
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Fig. 8 Stress distribution on punch of complex and non-
axisymmetric die
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Fig. 9 Attaching lead patch at punch
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Fig.10 Comparison of internal pressure between punch
with lead patch and without lead patch
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Fig.11 Schematic drawing of hydroforming test; (a)
Non-restricted, (b) restricted by lead patch
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Fig.12 FE analysis results; (a) free hydroforming, (b)
restrictive hydroforming with Pb patch, (c) free
hydroforming of restrictive hydroformed tube

do
o)
Jo
=
o
B~
B
tlo
4
O%
=)
38
o
H
T
(@]
N
=2
=

E}tth. Fig. 12 (b)&=
AldE 3 A3& UrEhH 4
A AAFSEM Fig. 12 ()9}% 2o 7hel
ol Wdo] JFHA gL vlwF FFshA
2] E'fg o Atk o] m{fﬂ
o}

o HAE
al



373

3o3y
3o [ E
™ % =
N =T
NN
o U
T oo O
— 0 R
Ry |
25T
O,ﬁuw” "o
o BB
N o Mo
w o (s jop-
S oop <
QL =)
3 K o X
i
ST
_Oﬂ_/” ° \m‘._
B o AR Am

q,x_.i_ﬂu NaﬂMmﬁﬂl

o] % — X T

R gr= MEadhmrE

oK = ol N o
Ho = o Hod,ﬂoi 0

AT .AJ;O e ZT,W;L]L

o T EEE

W X B =X

= T eﬁe]L_o‘Ei_zﬁ

T [ER
o ab el ﬁaEW.Vo

G S BN - S
Jﬂljl K~ = — B
HlAd' ﬂ/a.\;oo

W\w‘_@o MtA.QMOMOOE

RS S

o op X =

W ﬂdnuTFe]Edaua

Mg PeRy KXWy

ok wE =

B Comaw f
R T T = e
= o= T & 3R

=5, EEiEEer

o @ o

W LY o ek ®

R IR o A B

B D oo m W ofF B T W O
£ 0o

ED

£

[

3

£7

g5

xz

o n o . o 1w o 1w o

§ m ® 4 & o4 9 o O

T a4 A A A A A @«
wuw ‘ssauxoiyl

14 16

8 10 12
Measuring point

6

o] AAHA H},

Fig.13 Comparison of thickness variation between

gl

A1 A Fua R

w=d olF

preformed hydroforming and non-preformed

hydroforming

™ Fig. 14 (b)ol ®.<l nl9}

5

e
=

0

N

X
o

]

4,

o))

O
=

jans

el

—_
fi%e)

(1) 1.4mmA = gk

v‘|‘|\ -

ALY dllo]l HAom, Ao
A}

= N
H b3
o Njo
oo
(A,
| B
-
A
11I
AN 2
o
~ oy
e
o
7A
ol N
o =
- 3m
)A q .
13 @
T W

(b)
Fig.14 Hydroforming experiments; (a) attaching lead

mmo

S
=

patch, (b) hydroforming test

A

SR SE

ZAvtolt}. Fig. 12(a)9]

i
= AR



374

dow @RATAT] AU ol FaH

(No. 2012R1A5A1048294).

[1]

(2]

(3]

[4]

[5]

[6]

REFERENCES

H. L. Xing, A. Makinouchi, 2001, Numerical

Analysis and Design for Tubular Hydroforming, Int. J.

Mech. Sci., Vol. 43, No. 4, pp. 1009~1026.

M. Koc, T. Altan, 2002, Prediction of Forming Limits
and Parameters in the Tube Hydroforming Process,
Int. J. Mach. Tools Manuf., Vol. 42, No. 1, pp.
123~138.

H. K. Park, H. K. Yi, C. J. Van Tyne, Y. H. Moon,
2009, Strain  Hardening  Behavior  during

Manufacturing of Tube Shapes by Hydroforming, Met.

Mater. Int., Vol.15, No. 6, pp. 897~902.

M. Koc, T. Altan, 2001, An Overall Review of the
Tube Hydroforming(THF) Technology, J. Mater.
Process. Technol., Vol. 108, No. 3, pp. 384~393.

F. dohmann, Ch. Hartl, 1997, Tube Hydroforming
Research and Practical Application, J. Mater. Process.
Technol., Vol. 71, No. 1, pp. 174~186.

Y. Y. Qian, D. Cattran, M. Karima, 1998, Towards
Further Understanding of the Mechanics of Tube
Hydroforming, SAE., p. 982276.

[7]

(8]

(9]

[10]

[11]

[12]

S.J. Yuan, C. Han, X. S. Wang, 2006, Hydroforming
of Automotive  Structural Components with
Rectangular-sections, Int. J. Mach. Tools Manuf., Vol.
46, No. 11, pp. 1201~1206.

I. K. Lee, J. M. Leg, Y. K. Son, C. J. Lee, B. M. Kim,
2011, Experiment and FE Analysis of Hot Curvature-
Forming for Aluminum Thick Plate Using Grid-typed
Hybrid Die, Trans. Mater. Process., Vol. 20, No. 4, pp.
316~323.

S. O. Kwon, H. K. Yi, G. S. Chung, Y. H. Moon, 2007,
Hydroforming Characteristics of Double Layered
Tube, Trans. Mater. Process., Vol. 16, No. 8, pp.
567~574.

S. H. Kim, S. Y. Kim, C. H. Jeon, B. D. Joo, Y. H.
Moon, 2012, Effect of Process Parameters on
Hydroforming Characteristics of a Rectangular Shape
Flange, Trans. Mater. Process., Vol. 21, No. 1, pp.
42~48.

H.-U. Licke, Ch. Hartl, T. Abbey, 2001, Hydroforming,
J. Mater. Process. Technol., Vol. 115, No. 1, pp. 87~91.
S. G. R. Shin, B. D. Joo, C. J. Van Tyne, Y. H. Moon,
2014, Enhancing Tube Hydroformability by Reducing
the Local Strain Gradient at Potential Necking Sites, J.
Mech. Sci. Technol., Vol. 28, No. 10, pp. 4057~4062.



