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Abstract: Additive manufacturing (AM) possesses significant advantages in processing critical components in aerospace and
defense fields that feature intricate and geometrically complex designs, thanks to its high design freedom and rapid prototyping
capabilities. Ti-6Al-4V titanium alloy, renowned for its low density, high specific strength, and creep resistance, is widely utilized
in crucial parts of spacecraft and weaponry that frequently endure impact loads. A thorough understanding of the mechanical

properties and underlying mechanisms of AM Ti-6Al-4V alloy under static and dynamic loads is crucial for enhancing the service
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performance of these components. This paper systematically reviews and summarizes the latest advancements in the mechanical
response of AM Ti-6Al-4V titanium alloy, aiming at offering a scientific foundation and technical approach to promote the
application of key load-bearing components fabricated by additive manufacturing process under extreme conditions. It begins
with a brief overview of the classification and working principles of typical metal additive manufacturing technologies including
laser direct energy deposition (LDED), laser powder bed fusion (LPBF) and electron beam melting (EBM). Typical
microstructure of different metal additive manufacturing technologies is compared according to their thermal history
characteristics, such as preheating treatment and cooling rate. Subsequently, it outlines the research efforts on the quasi-static
tensile and dynamic compressive properties of AM Ti-6Al-4V alloy, comparing them with the mechanical properties of cast and
forged Ti-6Al-4V components. Both quasi-static tensile and dynamic compressive properties of AM Ti-6Al-4V alloy are
dependent on deposition direction, and its fundamental physical mechanisms are only partially understgod. Furthermore, the paper
delves into the correlation mechanisms between the microstructure and mechanical behayior\of/ typical metal additive
manufacturing titanium alloys. Additionally, it summarizes commonly used post-processing fechniques, to mitigate the
anisotropic mechanical response of AM Ti-6Al-4V alloy under static loads. The prospectS\are provided for AM titanium alloy
research directions including mechanical response of at extreme environmental load, relationship between deposition direction
and dynamic mechanical properties, correlation mechanisms between the microstfycture and dynamic mechanical behavior, and
dynamic constitutive model.

Keywords: additive manufacturing; Ti-6Al-4V; dynamic and static loadingy mechanieal properties; anisotropy
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Table 1 The manufacturing characteristics of three kinds of additive manufacturing technology
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Fig.2 The morphology of primary B grains formed in (a) LDED !, (b) LPBFB8], (¢) EBM Ti6Al4VDB9); The optical
microstructures formed during the preparation of Ti6Al4V using (d) LDED ], (e) LPBF!!3, (f) EBMP], (g) Forging], and (h)
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RALBY; () EBM Ti-6A1-4V MR ARIE & HIB KRB (@) BiARARMETE LPBF Ti-6A1-4V #4151 K 5 57 344
41, (h) ARG E LI EBM Ti-6A1-4V A4 Hi i 4E 2 {4501
Fig.3 (a) Pores generated in LDED Ti-6Al1-4V components!#¢l; (b) Lack of fused powders in LDED Ti-6Al1-4V
components[*®l; (c) Pores generated in the LPBF Ti-6Al-4V component!®!]; (d) Lack of fused powders in the LPBF Ti-6A1-4V
component®!; (¢) Porosity in EBM Ti-6A1-4V componentsB%; (f) Lack of fused powders in EBM Ti-6A1-4V components!l;
(g) The fatigue cracks caused by lack of fusion in LPBF Ti-6Al-4V components!*]; (h) Lack of fusion affects the tensile
ductility of EBM Ti-6Al1-4V component(>%!
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AS-Forged / 960 + 10 1006 + 10 18.37+0.88 [43]
As-Cast / 837 900 6.8 [44]
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Fig.5 Schematic diagram of deposition ditection for additive manufacturing titanium alloy
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Fig.6 Morphology of fracture etched section of LDED Ti-6Al1-4V tensile specimen!30]
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res of the LPBF Ti-6Al-4V bulk materials built horizontally (H) and vertically (V)

Fig.7 The cross-sectional

after different heat treat ditions: lower magnification is the optical microscope (OM) image, in which dark zones are 8

phase and lighter zone! hase; higher magnification is the scanning electron microscope (SEM) images, in which lighter

dark zones are @ phase. Where (a) and (b) are As-built samples; (c) and (d) are furnace cooling(fc)

samples held 2.5h; (e) and (f) are fc samples held at 850 °C for 2.5h; (g) and (h) are fc samples held at 920 °C for

2.5h; (i) and (f) are/fe8amples held at 1050 °C for 2.5h; (k) and (1) are fc samples treated at 920 °C and 120Mpa for 2.5h(82]
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Table 3 Strain rate sensitivity of Ti-6Al-4Y components formed by four manufacturing technology
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4.2 EHFIE Ti-6A1-4V BIEIASESR M &k

KA S AEBIASEAT N IR -RARAT NS SIAR LY, . AR ZE AL A AL S S R E A . AR
WAL R I N B FE H B B A N ARSI . AR = N AR R, R AR e 5 2R —
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AT N BARIEAN ARG EA 8, 1H Ti-6 Al-4VAGMELE shas TR 48 T ) i AR5 FE AAR BR S AR LT 5
WK T2 K. ENAR R RSLI61F T, LPBF WG 2T 5 v 1 et AR5 B RS ok 48 k1 1)
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Fig.9 Dynamic compressive response mechanical of additive manufactured Ti-6Al-4V titanium alloy
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Table 4 Strain rate sensitivity of Ti-6Al-4V components formed by typical manufacturing process
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Fig.10 Ultimate strain-strain rate curves of Ti6Al4V specimen formed by Typical manufacturing process
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