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Effect of Thermal Oxidation Coating on the Hot Forging Process
of High Strength Ti-6Al-4V Bolt
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(Received January 9, 2009)

Abstract
Since fastener bolt for airplane require high specific strength and corrosion resistance, Ti-6Al-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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Ti
Bal.

0.10

0.02

Fe
0.05

inwt. %
4,18

5.8

Al

Table 1 Chemical composition of as-received material
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Table 2 Process condition and physical properties of o] 7} Holdk EAS RAFAY &A= &
the Ti-6Al-4V bolt forging process AEAS A7 AFAES FaA7IE &
Physical properties of materials 7h ot |@sARl AR o R Swd aiE

Holx] &gt} o] & #Ast7] flslA F714< &

Ti-6Al-4V  H-13 W Heto]l 18] Atk Hutchings 5[5]-> CVD,

(Workpiece)  (Die material) PVD, Diamond-like carbon coating, ©]<=2>3 €,

abstEb e ol A&l w A JgFS B

Density (kg/m?) 4300 7760 K om 1 5 Diamond-like carbon coating ¥ 4F3}
Coefficient of thermal 6.8x10° 115x10° A2 7r J?_LEV]' 2 Ao= P—J_’—ﬁ}‘ii‘:jr.
expansion (°C™) ' ' I % 7P golsly AAlAde] ¥ Aoz A3t
A A B AFgAE o] BHS ALE37| =

B 20
Heat capacity (N/mm<°C) 18.0 28.6 st}

Heat transfer coefficient EWAbstEle] ofgFS dotH 7] 93] FYE &
between workpiece and 11 11 Aell 247 g 2&=dA dAYE s Hek
die/punch (N/°C s mm) U}k Fig. 4 = 927°C, 850°C, 750°C °| 7}7] v& =

ZoA WSS A & AP3 BEoltt
Emissiviy o1 01 Fig. 4@t obFd T Aele Fast ge A
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AozA Erol 4 5o siol BT
CHEMEE ). B ohe Fwe] pRHoR
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el sttt Fig. 4(b)= 927°C

Punch speed 200mm/sec 7o) WAl A

Workpiece temperature (°C) 600 cbstalul AlHo 2 A g Ao w9 FEE
Alsluto] A AE AL o] s 2= 9]9) 28 =

Die/Punch temperature (°C) 200 betepel e Zls #el &+ st J‘%‘
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Lubricant Oil base graphite =1 gato] WA o] Zy] =urA
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Fig. 4 Photographs of forged Ti-6Al-4V bolt samples
(a) without thermal oxidization treatment and
thermally oxidized at (b) 927°C, (c) 850°C,
and (d) 750 °C before forging
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Fig. 5 Micrographs of the specimen thermally
oxidized at 927°C. Surface cracks are
initiated at thick a-case region(gray colored
area)

Fig. 6 Microstructure of forged Ti-6Al-4V bolt with
thermal oxidation treatment at 850°C
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