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Abstract: In recent years, with the continuous development of large-scale free forging equipment, the demand for
large-scale forgings for aerospace key structural parts has increased sharply, and the preparation of large bars has become
the focus of scientific research and industrial production. TC18 titanium alloy, a type of high-strength and high-toughness
titanium alloy with high alloying and thermal deformation parameter sensitivity, has gradually become the core structural
material of key aerospace equipment. Therefore, large-scale bars have become a key area of research and production in
recent years. In this paper, the methods used to produce large TC18 titanium alloy bars ($300~¢$500 mm) in recent years
are discussed, the related research on the numerical simulation of the thermal deformation of TC18 titanium alloy is
summarized, the current situation of ingot melting, forging and heat treatment technology is analysed, and the existing
problems and solutions for large bars are summarized. Finally, considering the future research focus of the raw material
preparation process, combined with the demand of users for TC18 titanium alloy bars, we will strive to open up the whole
process of manufacturing raw materials and finished forgings in the future and realize personalized design of processes and
quantitative control of microstructure and properties.
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Fig.1 Crystal distribution of ¢$820 mm ingot of TC18 titanium alloy processed by vacuum arc melting: (a) schematic diagram of
vacuum melting; (b) statistical analysis of crystal distribution; (c) as-cast microstructure of transverse section of ingot!"”!
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Tab.1 Chemical element content of the TC18 titanium alloy

(mass fraction/%)

Element Al Mo A% Cr Fe

Si Zr (0] N H Total

Content  4.5~59  4.0~55 4.0~55 0.5~2.0 05~15

<0.15 <0.30 <0.20 <0.05 <0.15 <0.30
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Fig.2 Hot working maps and flow instability structures of TC18 titanium alloy: (a) hot processing diagram for the initial structure of 3
phase deforming in the 3 phase region; (b) flow instability structure for the initial structure of 3 phase deforming in the 3 phase region;
(c) hot processing diagram for the initial bi-state structure deforming in the o+ phase region; (d) flow instability structure for the initial
bi-state structure deforming in the a+f phase region®!
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Fig.3 Secondary recrystallization maps of the « grains of the TC18 alloy at different strain rates: (a) 0.01 s™; (b) 0.1 s™; (¢) 1 s™; (d) 10 s
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Fig.4 Macrostructure of TC18 titanium alloy $400 mm bar after heat treatment in the 3 zone: (a~b) hierarchical structure; (c~d) “black

spot” structurel
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Fig.5 Grain distribution of “black spots” in the TC18 alloy during heat treatment: (a) grain orientation diagram; (b) angular distribution
of grain boundaries; (c) ultrafine B particles in “black spots” under an optical microscope!®!
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Fig.6 Grain distribution formation and elimination of “black spots” in TC18 alloy after heating at different temperatures:

(a) 805 °C; (b) 855 C; (¢) 905 C; (d) formation mechanism and elimination®
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Fig.7 Four common heat treatment methods for TC18 titanium alloy: (a) ordinary annealing; (b) double annealing; (c) solution and
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AL, X A A 4 5 A [ s R BE X TC18 4k &
& 21201 52 R R I b R PR 500 C LA, 4l 4
2 Hr o ML I AE 500 °C F) A AR R EE Y
P AR B AHIEAR B AT A 2R IR AE o #H
e 2 B T L AR MRS G B BT R R Y
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HHE WM AL BV R, FAKE &7
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M F, SHERA SIS TE T2 M4k DL R RO 41
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AE LI AL 25 5 Y U S, I8 i T SO B
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Tab.2 The properties of the TC18 alloy corresponding to typical heat treatment processes

Heat treatment process Tensile strength  Yield strength  Elongation Reduction  Impact toughness  Fracture toughness Remarks
R./MPa R /MPa A% 7% aku/(J-cm?) KiJ/(MPa-m'?)
835 ‘C/2 h+FC to 750 ‘C/2 h- 1143 1070 16 27 31 78
AC+610 C/6h-AC 1100 1052 13 31 30 81
905 C/2h-AC+750 C/2 h- 1205 1190 7 12 42 72 $400 mm
AC+570 C/6 h-AC 1225 1200 5 11 38 71 transverse
780 C/2h-WC+530 C 1300 1250 6 21 17 49
x6 h-AC 1230 1220 8 25 22 52
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Fig.8 Tensile and impact fracture mechanism of the TC18 alloy at room temperature: (a) original lamellar structure; (b) fracture path of
the lamellar structure; (c) original bimodal structure; (d) fracture path of the bimodal structure; (¢) C-L crack propagation path of the

bimodal structure; (f) C-R crack propagation path of the bimodal structuref
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