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We have investigated the factors for controlling the microstructures, that
determine the material property, in the parts built by powder bed fusion (PBF) type additive
manufacturing (AM), which is the major metal 3D printers (3DP). Beam scanning tests, microstructure
observation, process monitoring, and numerical simulations revealed the essentials of microstructure

formation in PBF. For instance, the crystal grain structure of the built parts is found to be
modified variously from a highly oriented single crystal-like ones to isotropic polycrystals by
appropriate combinations of beam power, scanning speed, and the scanning line intervals of electron
beam or laser beam for fusing metal powder. Very fine cellular crystals are formed owing to the very
high cooling rate. The correlation between the unique solidification conditions and the
microstructures has been found to be greatly affected by the fluid flow along solid-liquid interface
depending on the physical properties of the alloys.
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