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Structure / Property (Constitutive and Dynamic Strength / Damage) Behavior of Wrought and Additively Manufactured (AM) Tantalum
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For additive manufacturing (AM), the certification and qualification paradigm needs to evolve as there exists no “ASTM-type” additive manufacturing certified process or AM-material produced specifications.  Even for small changes in starting feed material (powder or wire), component geometry, build process variables, and post-build thermo-mechanical processing, the qualification cycle can be complicated leading to long implementation times for even small changes. This is due in large part to the fact that we are not able to predict and control processing-structure-property-performance (PSPP) relationships.  Metallic-component certification requirements have been documented elsewhere but generally involve meeting engineering and physics requirements tied to the functional requirements of the engineering component and finally process and product qualification.  Key microstructural parameters and defects will need to be quantified to establish minimum performance requirements. 
Certification requirements generally involve meeting engineering and physics requirements tied to the functional requirements of the engineering component and finally process and product qualification. In this presentation, the results of a study quantifying the constitutive behavior of Tantalum (Ta) fabricated by Laser-Powder-Bed additive manufacturing(AM) using an EOS platform and by wire-fed E-Beam Sciaky machine is presented.  The microstructure and texture of the AM-Ta is detailed.  The mechanical behavior of the AM Ta build was characterized using compression testing as a function of strain rate, temperature and orientation relative to the build direction. The dynamic damage evolution and failure response of the AM-Ta material, as well as wrought Ta, was probed using flyer-plate impact driven spallation experiments instrumented with PDV velocimetry.  The damage evolution as a function of orientation and peak shock stress was characterized using optical metallography and electron-back-scatter diffraction (EBSD).
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