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layered Tube for Fabrication of a Hollow Part
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Abstract

Tube hydroforming is a technology that utilizes hydraulic pressure to form a tube into desired shapes inside die cavities.
Due to its advantages, such as weight reduction, increased strength, improved quality, and reduced tooling cost, single-
layered tube hydroforming is widely used in industry. However in some special applications, it is necessary to produce
multi-layered tubular components which have corrosion resistance, thermal resistance, conductivity, and abrasion
resistance. In this study, a hollow forming process to fabricate a part from multi-layered tubes for structural purposes is
proposed. To accomplish a successful hydroforming process, an analytical model that predicts optimal load path for
various parameters such as tube material properties, thickness of tubes, diameter of holes and the number of holes was
developed. Tubular hydroforming experiments to fabricate a hollow part were performed and the optimal loading path
developed by the analytical model was successfully verified. The results show that the proposed hydroforming process can
effectively produce hollow parts with multi-layered tube without defects such as wrinkling or fracture.
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Fig. 1 Schematic drawing of proposed hollow forming
process to a part: (a) tube positioning and
filling stage, (b) hollow-forming stage
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Fig. 2 Internal wrinkles around holes of hydroformed
inner tube

fluid

P= 1

D (M)

HEHe) B @ Fael &by 39 2%
o WAT W. F, FEA WY FHL ofehst 2

) = @)
D,
9, Oi: ne] FRPE
On: F39] FRYE
li: Wt 71
In: S8 57
W B Fe] wAss FE2 & WF-et
o FEHFe] hE Aol AP o o3 dAgow
TE T 2L ofleh 2ol xdHT
AP(=P1—P2)ZRV (3)

THE B wAbbe fAS &R nE



ofy

Bernoulli 2]ol oJ3) o} o] ¥ & 4 glom

2 v
—F—tz=—+"+2z 4)
7 28 ro2g
ENRREEES I R e
o BREE fAY S5 L e
el wA Uk fAe 5
A, BoEold
s

D, >> D, o] 2%
AN Z; =7, o|B® 2

ot
P_Pov )
y v 2
y=p-g °lEZ v Sy P
P1—Pz:£:> ]31_]32:1;722
pg 28 P 2
oy - 2(PP) ©
P
Bl obeeh Tol viehdl % gith,
T ™
P

Vo7t 0914 VoA Ao R FrETha

74t & Al WELEA Sk AR g,
o} FFHE AF y,o AAAAE T F oa,
T AF D,E EFs tEe Aoz e
9 = qlom
7D Vima
n- 2 2 .tszz (8)
4 2
2N A @)RFH AT BAE AT =
t> 2'V2
CED [ ©)
4 P
Z YeEd 4
4 NYH US

of
o
2
ol
>
S~
>,
ofy
)
o
12
o
o,
2

Fig. 4 Tube hydroforming machine

Table 1 Dimensions of tubes
AISI304 | Al6061
60.5 54.0
63.5 60.0
240 240

Material C1220
50.6
54.0

240

Inner diameter, mm

Outer diameter, mm

Length, mm

Table 2 Material properties

AISI304 | Al6061
7.93 2.70 8.96
0.28 0.33 0.35
375 127 57

Material C1220

Density, g/cm’

Poisson’s ratio, v
Yield strength, MPa
Strength coefficient,

MPa

1495.9 4123 487.9

Strain hardening

0.550 0.207 0.367
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Fig. 8 Cross section shape of the successful product
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