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Basic Study for Simultaneous Controlling of Shape and Crystal Orientation by
Additive Manufacturing : Creation of Single Crystalline Cellular Lattice
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Fundamentals have been studied for developing electron beam melting, a metal

3D printer, as a new method for controlling microstructure. The effects of scanning directions of
energy beam and orientation of built object on the crystal orientation were examined for Ni-based
superalloys and biomedical Co-based alloys by way of examples. Also, the relationship between energy
beam condition and the solidification behavior accompanying the motion of sub-millimeter sized
molten pool were investigated. Moreover, the fundamental method for predicting microstructure
formation during fabrication has been established on the basis of the evaluation of temperature
gradient and migration speed of solidification interface. With the aim to improve mechanical
biocompatibility of Co-based alloys, it was also demonstrated that the combination of high strengths
and low Young’ s moduli is possible through the combination of crystal orientation control by EBM
and the lattice design by shape optimization.
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Fig. 1. Schematic drawing of cylindrical rod samples
fabricated by electron beam melting (EBM) in
various orientations [after S.H. Sun et al. (submitted)]
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Fig. 2. EBSD-IPF orientation maps on vertical
cross-section of EBM-built IN718 alloy rods with
various orientations: (a) 8 = 0°, (b) 0 =45°, (c) 6
=55°, and (d) 8 = 90°. [after S.H. Sun et al.
(submitted)]
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Fig. 3. EBSD-IPF orientation maps of the
cross-section of single-track bead produced by
electron beam scanned on plates of Ni-based
superalloy at beam power of 1000 W and scanning
speed of 100 mm/s under different conditions: (a)
without preheating, (b) with preheating at 950 °C.

Fig. 4. EBSD-IPF orientation maps of the
cross-section of walls of Ni-based superalloy
produced by electron beam melting with different
beam power (P) and scanning velocity (¥) both with
preheating at 950 °C. (a) P =200 W, V=200 mm/s,
(b) P=1000 W, V= 1000 mm/s.
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Fig. 5. Unit cell models of cellular lattice porous
structures with (a) medium, (b) high, and (c) low
Young's moduli. Colors indicate von Mises stress
under compression to strain of 2 X 10° in
z-direction [after Y. Koizumi et al. Add. Manu. 12
(2016) 305-3131.

Fig. 6. Cellular porous lattices fabricated by EBM
using various unit cell structures with (a) medium,
(b) high, and (c) low Young's moduli. [after Y.
Koizumi et al. Add. Manu. 12 (2016) 305-313]
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Fig. 7. (a) Phase map and (b) IPF orientation maps of
the cross-section of Co-Cr-Mo cellular porous lattices
fabricated by EBM low Young's moduli. [after Y.
Koizumi et al. Add. Manu. 12 (2016) 305-313]
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