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Abstract: X-ray computed tomography (X-CT) has become an important tool for the nondestructive characterization of
defects and mechanical properties in additive manufacturing (AM), providing accurate qualitative and quantitative analysis
of internal structures and defects in fabricated components. Defects significantly influence the mechanical performance and
service life of materials, whereas variations in AM process parameters, final part orientation, and raw materials can affect
defect characteristics. X-CT not only effectively distinguishes critical defect zones from benign regions prior to mechanical
testing but also enables in situ observation of defect initiation and evolution during loading, supporting the development of
defect tolerance models. This review focuses on the applications of X-ray tomography in additive manufacturing,
particularly in analysing internal defects and their impact on key mechanical properties such as static strength and fatigue
behaviour. High-resolution tomographic imaging allows precise evaluation of defect type, location, and size and their
impact on comprehensive mechanical properties, offering critical insights for optimizing AM processes and improving
component quality and reliability.
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Fig.1 Distribution of fatigue crack initiation in L-PBF nickel-based superalloy fatigue samples: (a) facet and defect initiation; (b) defect
initiation!
2 L-PBF Ti6Al4V :(a) Ti6AI4V ; (b) X-CT B

Fig.2 Distribution of defects in Ti6Al4V fabricated by L-PBF: (a) schematic diagram of the Ti6Al4V specimen orientation; (b) 3D
morphological reconstruction the crack distribution via X-CT8!
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Fig.3 X-CT three-dimensional porosity distributions of the samples in the vertical and horizontal directions: (a) vertical layering;
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Fig.4 X-CT measurement data: (a) pore distribution; (b) defect density per unit volume (UR and NR denote the uniform region and
necking region of the post-tension samples, respectively)*
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Fig.5 As-fabricated defects: (a) penny-shaped; (b) blocky; (c) constant-thickness plate; (d) nonuniform-thickness plate*
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Fig.7 Insitu device: (a) monotonic tension/compression device; (b) enlarged view of the PMMA tube of the tensile machine; (c) tensile
stage used in the laboratory tomograph!™
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Fig.8 In situ tensile testing device: (a) experimental setup of in situ tensile tomography; (b) sample stage!
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Fig.9 Damage evolution of through-holes reconstructed from X-CT in situ tensile images™
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Fig.14 Customized multifield coupled in situ monotonic/cyclic loading device compatible with a high-resolution X-ray characterization
technique: (a) high-temperature in situ test rig operating at the SSRF; (b) schematic of the operating principles of the in situ
thermal-force coupled loading tester and tomography end station; (c) perspective view of the heating chamber; (d) temperature
variation in the sample gauge region with input power!'*!
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Fig.15 An in situ tensile rig with an environmental chamber with an operating temperature ranging from 573 K to 83 K
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