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Hot Forging Process of High Strength

Ti-6Al-4V Bolt

Jeoung Han Kim', Chae Hoon Lee?, Jae Keun Hong', Jae Ho Kim?, and Jong Taek Yeom'

Abstract

Since fastener bolt for airplane require high specific strength and corrosion resistance, Ti-6A1-4V alloy is widely used.
However, the Ti-6Al-4V bolt is generally manufactured by cutting and rolling because of their poor workability. The aim
of present work is to develop hot forming technology for high strength Ti-6Al-4V. Various heat-treatments were applied
to specimen in order to increase hot-workability and prevent galling with die. Multiple forging were simulated with FE
code to determine optimum process parameters including specimen temperature, strain rate, local strain, and thermal
shrinkage. Forged samples were heat-treated again to increase their mechanical properties.
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Table 1 Chemical composition of as-received material
{in wt. %).

Al Vv Fe N 0 Ti

5.8 4.18 0.05 0.02 0.10 Bal.




Fig.1 Microstructure of Ti-6Al-4V alloy solution heat
treated and quenched.

13
ey

}‘Jé

¢

il

l[oo
£

>
op
)
b

[
>
*
flo 28
B
BT >
I )
o2
2 & rE o
™ o ofl 3 o
i ol

&

ko
-
=

o %

D oA &L 9]
gadch. HA Absiet

927°C 750°C ol A]
A A=
2 HE
aAE 600°C =
o] 5% 3l t}.
A =
400mm/sec 9]
2+EHE 9
g 283

=

Yoln 7] 93] SEATRAM “FH]

Ti-6Al-4V 9]
29 =4
/A AIZE )
Z3tovh. Fig. 2

2N

- 88 —

Strain rate(log)

FE F AR Fl Al ¥ HAT
gtk 2 Exg mME WMISER WYl
olFo)Aes  HAd9E e 2dTENA
Aol ETh 600°C, l/sec 9o AFzzol
exg &% xed FUAM M AYd
Aoz YA

T T
500 600

Temperature

T
400

700

Fig. 2 Processing map constructed on the basis of the
shape of compressed specimen. Symbol ‘X’ denotes
surface cracking, ‘A’ unstable deformation, and ‘O’
sound deformation, respectively.
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Fig. 3 Forged shape and distribution of Cockcroft-
Latham damage value after 4™ forging.
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Fig. 4 Photographs of forged Ti-6A1-4V bolt samples
(a) without thermal oxidization treatment and
thermally oxidized at (b) 927 °C, (c¢) 850 °C, and (d)
750 °C before forging.



Fig. 5 Micrographs of the specimen thermally
oxidized at 927 °C. Surface ecracks are initiated at
thick a-case region (gray colored area).
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Fig. 6 Microstructure of forged Ti-6Al-4V bolt with
thermal oxidation treatment at 850 °C.
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