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Heat-Treated Microstructures of Ti-3Al-2.5V Tube for the Successive
Process of Superplastic Hydroforming and Diffusion Bonding

Geun-Soo Bae, Sang-Yong Lee’
Dept. of Advanced Materials Engineering, Andong National University,
1375 Gyeongdong-ro, Andong, Gyungbuk 760-749, Korea

Abstract Heating experiments using the Ti-3Al-2.5V tube materials in a vacuum furnace have been performed
to investigate a pertinent range of working temperatures and holding times for the development of the successive
or simultaneous operation of superplastic hydroforming and diffusion bonding. The specimens were heated at
820°C, 870°C and 920°C respectively. Holding times at each temperature were varied up to 4 hours. Holding
times longer than 1 hour were selected to consider the diffusion bonding process after or during the hydroforming
process in the superplastic state. Grain sizes were varied from 5.7 um of the as-received tube to 9.2 um after
heating at 870°C/4 hours. Homogeneus granular microstructures could be maintained up to 870°C, while micro-

structures at 920°C showed no more granular type.
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Table 1. Chemical composition of Ti-3A1-2.5V tube

Element Al A% Fe C Ti
wt.% 3.21 2.40 0.25 0.20 Bal.

Fig. 1. As-received tube and its SEM micrographs.
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Fig. 2. SEM micrographs of the Ti-3Al-2.5V tube
according to temperatures and holding times up to
30 min.
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Fig. 3. Grain sizes of the Ti-3Al-2.5V tube specimen
according to temperatures and holding times up to
30 min.
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Fig. 4. SEM microstructures with grain sizes of the Ti-
3Al1-2.5V tube according to holding times at 870°C: a)
1 hr, b) 2 hrs, ¢) 3 hrs and 4) 4 hrs.

Fof| oJu)7} glom, 820°CallME U] E& &%9l
870°Ce] A== Fa12 sh= Zo] 7Fs3sl7] ot
Fig. 40l 870°CellA =3t ATk} {AA L]
uH 2R v Fake BT ARIE Yehgle
1 P27 SHATE A BT ok oS

AR skl pFez AAZE iEe AHUAE
FARRIe] S7IRRIE HlnE #d3t Felz 445
I e ERIE F AT YA A7) AR
Z=Ao|| el elsld o™ ¢k 7.6 umollA 9.2 pm
2 F7RIFH. ¥IE gAe] A7 FTRIEAN o
ko] el B 870°CollA 4217He] 7Hho M=
z_é*é 82 2Rt e 7Fsd Bz &

gt}

Flg 5015 Y4 Ti-3A1-25VE 820°C, 870°C,
920°CellA] 3AIRE 7183 5 20l x] QIGAIFS S
g3+ & AL SHWMYE FHES vwEiLh 1
HzAM B 5 IR ﬁJr%O] Jo
w712 71%%’1@ Z}zke] 390l A= FS
el e 2 Fo= X% 18}95‘\5} 820°C,
870°C, 920°CollA OW 3 (MPa)y/ 2 & (%) 242t
623/16, 640/18, 682/14t}t. Ti-3A1-2.5Ve] o]d¥
Aol A QYT /A4E-2 oF 620 MPa/15% H=
o]t}H2]. 820°C, 870°CollM= AR 3hs e

~

olo

A
50|

Stress (MPa)
L

—820.3h
———870.3h
/ 920.3h

=100 T T T T T T
0 s 10 18 20 2

P

Strain (%)

Fig. 5. Stress-strain curves of the Ti-3Al-2.5V tube
after holding for 3 hours at 820, 870 and 920°C.
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Fig. 6. Superplastic hydroforming of the Ti-3Al-2.5V
tube: a) objective of technology development, b) die
system before hydroforming, c¢) die system after
hydroforming, d) tube preform for hydroforming, e)
superplastically hydroformed product.
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Fig. 7. A sample after superplastic hydroforming at
870°C and microstructures of a Ti-3A1-2.5V tube: a)
sample cross section after forming at 870°C, b)
microstructure after heating for 30min at 870°C, ¢)
microstructure of location “c” in the sample, d)
microstructure of location “d” in the sample.
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