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ABSTRACT

The utilization of “anisotropy” is becoming an important direction for realizing highly-functionalized products
overcoming the current functional limits for materials with isotropic properties. In particular for the use in
aerospace and biomedical industries, some products are exposed to anisotropic stress fields. Therefore, the
products should be anisotropic along the functional axis. Additive manufacturing (AM) technology was originally
specialized to fabricate the complicated structures in an arbitrary way. However, when it comes to metal AM,
the control of material anisotropy has received an increasing attention in recent years. In this review article, the
latest findings regarding the control of mechanical anisotropy through the modifications of macroscopic porous
structure, microstructure, and crystallographic orientation by powder-based metal AM technologies are introduced.
The powder-based metal AM is able to control a wide range of anisotropy from crystallographic texture to pore
structure, however, their simultaneous control is yet challenging. Attainment of this heightens the value of metal
AM technology and enhances the AM products’ functions.
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Fig. 1 Change in publication numbers including the terms “rapid prototyping”,
“3D printer”, or “additive manufacturing” in their titles, abstracts,
or key words, searched through Scopus on Feb. 27th, 2017.
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Fig. 2 Solid/powder structures that enable to control mechanical properties
and their anisotropy. By using 3D printer, configurations of the
solid parts are arbitrarily designed to achieve products with wide

range of Young’s modulus and degree of anisotropy. Reproduced
from reference 11) with modifications.
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Fig. 3 Schematics of the three typical scan strategy used in 3D printing.
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Fig. 4 Inverse pole figure (IPF) images taken in the X cross-section representing the crystal orientations along the x, y, and z directions, and {001} and {011}
pole figures of the Ti-15Mo-5Zr-3Al products fabricated through Scan Strategy X and XY by SLM. Reproduced from reference 22) with modifications.
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Fig. 5 Optical microscope images of the cross sections of the top of the products taken in the X cross-section and IPF maps overlaid with traces of the melt

pool edges. Reproduced from reference 22) with modifications.
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Fig. 6 Appearance of the MoSi, samples fabricated by the SLM, and SEM-EDS elemental maps for Si, Mo, and Fe at the cross-section around the high-carbon

steel start plate. Reproduced from reference 24) with modifications.
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Fig. 7 IPF maps of the C11-phase grains taken in the X cross-section for
samples fabricated by the Scan Strategy X, XY, and Rot, and the
corresponding (001), {100), and {110) pole figures. Reproduced
from reference 24) with modifications.
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product fabricated by EBM showing the layered structure composed
of y-band and duplex-like fine grains. Reproduced from reference
28) with modifications.
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