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Superimpositional Design of Macroscopic Shapes and Crystallographic Textures via
Metal Additive Manufacturing for Anisotropy in Mechanical Functions

AFREHT P HFHEHT

Takuya ISHIMOTO and Takayoshi NAKANO

(Received 24 March 2025, Accepted 4 April 2025)

We have succeeded in producing a <111>//BD (build direction) oriented single-crystal-like microstructure in an alloy with
cubic structure (Ti-15Mo-5Zr-3Al1) via laser powder bed fusion (LPBF), and have completed a series of three single-crystal-like
microstructures with <001>, <011>, and <111>/BD orientation in a single material. The <001> and <111> orientations exhibit the
lowest and highest Young’s modulus, respectively, demonstrating that the anisotropy of the mechanical properties of the product
can be controlled over a wide range. By superimposing the intrinsic material anisotropy (crystallographic orientation) and shape-
based anisotropy, we were able to obtain products exhibiting high Young’s modulus anisotropy in a single LPBF process, which
cannot be expressed by shape and microstructure alone. This achievement is expected to lead to a new component design guideline
that combines conventional shape optimization techniques commonly used in computer-aided design with texture design for each
internal part, which can be modified by scanning strategies. This approach allows for tailor-made mechanical performance through
optimized design strategies.
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Fig. 1 Relationship between crystal orientation-dependent rotational
symmetry and scanning strategy. (a)-(c) Projection of the cubic
unit cell viewed from BD, (d)- (f) laser path symmetry that
matches the crystal symmetry, and (g)-(i) schematic diagram
of the combination of laser scanning paths and directions for

each layer that represents laser scan strategy. SC: single crystal.
Modified from Ref. 9) (published under CC BY 4.0 license) .
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) Inverse pole figure (IPF) maps obtained on three orthogonal
planes of the product fabricated with +120° Rot_SS and (b) the
corresponding pole figures for {001}, {011}, and {111}, Quated
from Ref. 9) (published under CC BY 4.0 license).
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(a) Cross-sectional image of the xy-plane of the +120°Rot
specimen representing laser scanning paths. The three-way
arrows represent the laser scanning direction. (b) Magnified
view of the area enclosed by the rectangle in (a) revealing
cellular microstructures grown in the controlled directions and
encountering interface at the melt pool center. Quated from Ref.
9) (published under CC BY 4.0 license).
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Fig.4 Representation of fusion boundaries inside a melt pool, which contribute to the stabilization of crystal orientation.
(a)-(c) Vertical and horizontal arrangements of melt pools as viewed from the BD. (d)-(f) Schematic of the
location of fusion boundaries in a single melt pool. (g)-(i) Photograph of the vertical section of a single melt pool
after etching and the corresponding IPF map in which crystal direction along the BD is represented. Sets of facing
arrows indicate presence of fusion boundaries. The light blue lines indicate the direction of dendrite elongation.
Quated from Ref. 9) (published under CC BY 4.0 license) .
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Summary of crystallographic textures formed by each scanning
strategy. Modified from Ref. 9) (published under CC BY 4.0
license) .
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(a) Framework of the structure consisting of 27 small cubic subelements (3% 3 %3 configuration) for designing isotropic/anisotropic Young's
modulus. (b) Possible Young’s modulus variations as functions of the number of solid cube subelements when the element is composed of
polycrystals. (¢) Possible enhancement of Young's modulus anisotropy when erystallographic texture (single crystal) is introduced for the
anisotropic structure shown in purple. Quated from Ref. 9) (published under CC BY 4.0 license) .
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Fig. 7 Variation and anisotropy in the Young’s modulus of the 3D puzzle products. Color bars indicate measured values, and
dashed lines indicate calculated values using Reuss and Voigt laws and moduli for single erystal. *: P < 0.05. Quated from

Ref. 9) (published under CC BY 4.0 license) .
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