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Forming Limit Diagram of an Aluminum Tube
Through Hydroforming Tests

J.S. Kim, J. K. Lee, J. Y. Park, D. J. Lee, H. Y. Kim, H. J. Kim
(Received May 12, 2005)

Abstract
A tube hydroformability testing system was designed and fabricated enabling to apply the forming condition along

arbitrarily pre-programmed internal pressure-axial feed path. The free-bulging and T-forming tests were carried out on the

extruded aluminum (A6063) tube specimens with 40.6 mm outer diameter and 2.25 mm thickness. Nine different

combinations of internal pressure and axial feed, yielding different strain paths from one another, were taken into

consideration in order to induce bursting at various deformation modes. Major and minor strains were automatically

measured from deformed grids around the fracture using a stereo-vision-based surface strain measurement system, named
ASIAS. The forming limit diagram of the A6063 tube material was successfully obtained. Most of the data points

acquired from free bulging and T-forming tests appeared in the range of negative minor strain on the FLD and are mostly

located near the strain paths calculated from explicit finite element simulations. The forming limit obtained from tests

after pre-tension was considerably lower than that from tests without pre-tension, which showed the strain path-

dependency of the forming limit as well known in the sheet forming field.

Key Words : Tube Hydroforming, Aluminum Tube, Hydroformability, Forming Limit Diagram, Finite Element Analysis

1.8 2
anl F4, WETtE A4, AFE 2 a3
A, Fa WA F AFA AXAEGAAA HAt
ZaEI Y 87 ZAES WEAF) A W
mog 7£9 TPsslEe thAsE AGAH
(hydroforming) 713} A7 AAE oiAlste ¢F
s sAel Aol Aol ¥el FaHT gk
a8y SRuES 2 Ags 71AH 540 1
23 gyt o g gygdol ¢ vmry] wiEd A&
# TAAAE ZAddisn ATt E R Y =g 8
E-mail: khjong@kangwon.ac.kr
1. Zddista dfstd 7AWt ERH 233
2. AR HFE S LT
3. =" JEdTAa
4. A4 A EER Y 2

514 /312 4MII 3B X|/H 143 H6%, 20056

AN
ol ol METHI] Wad Asts AES Aol
g shgo] YES AFE] e 2evlE &
A BAYA S AP UF AR} $HHL



HolB2RE #AY EXNANE AR Fai=
W Eo] AFEATH3-5]. Jansson S[6] AA6063-
T4 BAE ol &3t GEFANEE T F 4
I AFYF A BAE o)L LFEHEY
oAdE 1T F UL WAl Imaningjad 5
[1,2]2 AAGO82-T4Z A thate] <Fehe] FE27
37}7)(free-end, pinched-end, fixed-end)2 ¥-F3}
FE242 AYAAEE AU} Kulkarmni E[7)
dFulg #Ald date GegANE S s
ta s o2 E & APAAML MK
O Z2HE AL AYPIAMES vwslgict 7
58,915 Koc F[10]12 E|Fojuv} FFeo] LAY
Al & 3] ]-7:” ]gzq o= aﬂqo_,_ o]Hl/Hoﬂ
sepatgint. e S11,1212 o)
BolA |29 Aot H ol A
e BN HY 8

poih.
]_

Ol

T‘

03, o \ﬂ
0

mo rob flr o r\m
2
S, odk

oo o & % oR O Horlo K o
rob Nlo
[
o, JO

=2
N
o T
% o
=S
oL
rr to
Of’(. i)
ol
tio tm
ol
% FN u
>
O[‘

A
B
o
2
a2
oX
oft

33k o]iﬂ A&

il

b =3 %] Tyl goy, &
& Al diste] o dERsM 4y
& Yel= *éﬁéfﬁﬁ_‘za T o E
il
o

O
s
X
rSE -Im 2

m{n
=

ey
2
R
i
12
no
O_u
oﬁ‘,

el
o

A (hydroformability) *| &l
A6063 LFulE °“J*ZH

sl gEgaay, TARAY 2 oud
:]

F O BAE S FAS. o|2HE Polx
Helelg ol gste] s waAzel A Ay
AEe st

2. HAHEY AEZH|

Fig. 12 & dAFoiA AA-Azd Agxdd
Algaguie] Abzlelt), of Ful= 43l FHE
5t7] 918 1,000kN £%9 MUY,
F(axial feed)S F7) 98 SOOKN &3F
t 271, 100MPa 743} 9] 319 % A A
g, Zga gy =

A E

A 374 AuaEE 21
_9_ A
=

o

b e mx 12 oﬁ

l

[&]

RO
2 4y o M ox

230 1 00
Lp 1

§— Pressure intensifier
Column . .
Vertical cylinder

Horizontal
cylinder Die set Main

y controller

(a) Free bulging die

//// m\e\/////

(b) T-forming die

Fig. 2 Dimension of the dies
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Fig. 3 Stress-strain curves from tensile test
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Table 1 Material properties of tubular material

Density 2.7 glem’
Young’s modulus 69 GPa
Yield stress 76.2 MPa
Tensile strength 208.3 MPa

Stress-strain curve c=K(g+E,)

Stiffness coefficient, K 373.1 MPa
Offset strain, &, 0.001814
Hardening exponent, n 0.3135

Axial contraction (mm}

u] 0.04 0.08 0.12 0.16
Friction coefficient

Fig. 4 Axial contraction for various friction coefficients
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Fig. 5 Comparison between two forming conditions
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Fig. 7 Photos of burst tubes
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(a) Detected grid images
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(b) Strain paths and forming limits

Fig. 8 Strain measuring and FLD plotting procedure
using ASIAS
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Fig. 9 Forming limit diagram of A6063 tube
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