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Abstract. Titanium alloys, which are endowed with excellent properties of low density and high strength, have broad
application prospects in the field of aerospace structural components. However, traditional manufacturing methods are
constrained by the intrinsic characteristics of titanium alloys, such as high melting points and low thermal conductivity,
resulting in exorbitant production costs and thus limiting their large-scale application. As a mainstream metal additive
manufacturing technology, selective laser melting (SLM) leverages the process advantage of layer-by-layer deposition to
enable precision fabrication of complex structural components, providing an effective solution to the processing challenges
of titanium alloys while promising reduced production costs and enhanced production efficiency. Nevertheless, the SLM
process involves a nonequilibrium physical metallurgical process encompassing light-to-heat energy conversion and material
phase transformation, where microscopic physical phenomena are difficult to observe directly. Moreover, experimental

process optimization via the trial-and-error approach suffers from long cycles and high costs, whereas numerical simulation
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has become a crucial means to uncover the intrinsic process mechanisms and drive the rational design of processes.
Focusing on the forming process of SLM-fabricated titanium alloys, this paper comprehensively reviews the research
progress in multiphysics field simulations and methodologies, defect prediction and control, and microstructure evolution
simulations. The principles, advantages and applicable scenarios of different simulation methods are analysed. Finally, on
the basis of an in-depth analysis of current relevant research, the numerous challenges remaining in the field of simulation
studies on selective laser melting of titanium alloys are summarized, and prospects are proposed.
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Fig.1 Schematic diagram of the SLM process!!
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2 SLM Ti-1023 :(a,~a,) 50 W-1200 mm/s-111 J/mm?;(b,~by) 50 W-2 600 mm/s-44 J/mm’;
(©) _ [15]
Fig.2 The temperature field and cycling heat history are obtained through FEA during SLM with different printing parameters:
(ar~a;) 0 W-1 200 mm/s-111 J/mm?®; (b;~b,) 50 W-2 600 mm/s-44 J/mm?; (¢) temperature-time curve of the midpoint in the first additive

[15]
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Fig.3 A physically based, high-fidelity numerical simulation .
based on a multiphase, semi-coupled resolved CFD-DEM
captures a complete profile of a metallic powder-based SLM, ’ N
including all the ingredients of a typical melting process™! , ,
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Fig.4 CFD calculation of the single-track temperature field and temperature curve: (a) bulk model (BM); (b) powder bed model
(PBM); (c) temperature distribution along the X-axis; (d) temperature evolution of the midpoint on the X-axis in a single-track SLM of
a Ti-25Nb alloy®"!
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Fig.5 Equivalent stress distributions of a single layer under different scanning speeds and laser powers when the hatch spacing is
0.1 mm™
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Fig.6 Molten pool temperature field and flow field of the Ti-6Al-4V alloy in the SLM process under Gaussian and flat-top laser modes:
(a, b) gaussian mode; (c, d) flat-top mode*”)

7 :(a;, b)) LED=75 J/m;(a,, b,) LED=37.5 J/m;
(a3, b;) LED=25 J/m"®
Fig.7 The surface morphologies and middle cross-sectional views of solidified single melt tracks under different laser energy inputs:
(a5, b)) LED=75 J/m; (a,, b,) LED=37.5 J/m; (as;, b;) LED=25 J/m*
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Fig.8 Sectional temperature field, velocity field, and two mechanisms of keyhole porosity elimination: (a) /=2.205 ms; (b) 1=2.215 mst*!
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Fig.9 Simulated results of the top morphology and sectional grain distribution of SLM at different tracks: (a;~e,) top morphology;
(ay~e,) grain distribution of the white-line section; (a;~e;) grain distribution of the red-line section”!

https://www.cnki.net



4 202/2026 y ot «123-

10 Si-9%As 0]
Fig.10 Solidification microstructure selection map for the planar-cellular-dendritic-cellular-planar transition in rapidly solidified
Si-9 at.% As via phase field simulation™
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(Ti=2 075 K, G=2.0x10” K/m)?"
Fig.11 Solidification morphology of SLMed Ti-25Nb alloy at different cooling rates: (a) 1.0x10° K/s; (b) 2.0x10° K/s; (¢) 3.0x10° K/s;
(d) 4.0x10° K/s (Ty=2 075 K, G=2.0x107 K/m)?2"
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Fig.12 CA-simulated and experimental microstructures for the process case with different growth velocities and nucleation densities:
(a, ¢) CA simulations with fast growth velocities and nucleation densities of 1x10" and 2 x10™ m?; (b, f) CA simulations with medium
growth velocities and nucleation densities of 1x10" and 2x10" m?; (¢, g) CA simulations with slow growth velocities and nucleation
densities of 1x10" and 2x10™ m?; (d) EBSD measurement. The white dashed lines represent the PINNs-calculated melt pool boundary!®
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