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Abstract

15

The superplastic forming/diffusion bonding process has been developed to fabricate a core frame structure with joint
nodes out of tubes, for the development of a titanium high performance bicycle. The hydroforming process has been applied
for bulging of a tube in the superplastic condition before, and during the diffusion bonding process. In this experiment, a
commercial Ti-3Al-2.5V tube was selected as raw material for the study. The forming experiment has been performed using
a servo-hydraulic press with a capacity of 200 ton. Next, nitrogen gas was used to acquire necessary pressure for the bulging
and bonding of the tubes to fabricate the joint nodes. The pertinent processing temperature was 870°C for the superplastic
hydroforming/diffusion bonding (SHF/DB) process, using the Ti-3Al-2.5V tube. The bonding quality and the progress of
bulging and diffusion bonding have been observed by the investigation of the joining interfaces at the cross section of the
joint structure. The control of the nitrogen pressure throughout the SHF/DB process, was an important factor to avoid any
significant defects in the joint structure. The whole progress stage of the diffusion bonding could be observed at a joint
interface. A core structure with 5 joint nodes to manufacture a titanium bicycle could be obtained in a SHF/DB process.

Key Words : Multi joint node, Titanium bicycle, Superplastic hydroforming, Diffusion bonding, Interface microstructure.
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Fig. 1 Schematic of the superplastic hydroforming
(SHF) and the diffusion bonding (DB) process
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Table 1 Chemical composition of the Ti-3Al-2.5V tube

Element Al \ Fe o Ti
wt. % 3.21 2.40 0.25 0.20 Bal.
Fig. 2+ Ti-3Al-25V FH S} nA =4S HoF

i Qo A= uerr»H SEM(scanning  electron
microscope) =2 olA FH= FHO RHE, LEH
< T4 dds, Xé%% B do| waky By
o] wA| Aot Zp whake] mA| A o] A
= 5 T Adnh AL 34 upEo] oo w2 ¥ 7]A
ZAolm A = ue 3]A Yol FHE E4t
Ho] Urtu= Ao] pelth pS ool AR A
Aol #AbEe] FxHo] = FHjolt. A el
T

g3 S48 x7] *Jﬂm Ti-3Al-25V &

Fig. 2 The Ti-3Al-2.5V tube and SEM microstructure in
as received state.
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Fig. 3 The furnace system and a flow chart of N,
pressure during SHF/DB forming to make a T-

joint.
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Fig. 4 SEM microstructures of the Ti-3Al-2.5V tube
according to the heating temperatures.

Fig. 5 SEM microstructures with values of mean grain
sizes of the Ti-3Al-2.5V tube after heating at
870°C. The heating durations were (a) 1hour, (b)
2hours, (c) 3hours and (d) 4 hours.
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Fig. 6 Image tracing and strain measurements on the
cross section (photo) of a T-joint fabricated by
the SHF/DB process using two Ti-3Al-2.5V tubes
and SEM microstructures at each measurement
location.
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Fig. 7 Concept of a T-joint fabrication by the SHF/DB
process using two Ti-3Al-2.5V tubes.
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Fig. 8 Observation of bonding interface by optical
microscopy and thickness measurement over
cross section of a T-joint fabricated by the
SHF/DB process using two Ti-3Al-2.5V tubes.
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Fig. 9 SEM Microstructures of a part of T-joint bonded
by SHF/DB process using two Ti-3Al-2.5V tubes
and schematics showing the stages of diffusion
bonding.
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Fig. 10 Die system and products for the fabrication of 5
joints by the SHF/DB process using 4 Ti-3Al-
2.5V tubes.
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Fig. 11 Appearance of a titanium bicycle using a Ti-3Al-
2.5V joint structure fabricated by the SHF/DB
process.
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