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The numerical simulation software of melting asaidification phenomena in metal PBF process was
developed on the basis of a two-fluid mod&he significant physical phenomena during melting and
solidification such as keyhole, plumend spatter generation dteeinterfacial pressurdifference between gas
and liquid phases can be treated using this softwareT[¥g gas-liquid two-phase flow is treated with the
Eulerian-Eulerian two-fluid model. Figure 18 shows tibye view of single track of Inconel 718 by simulation.
The scattering of the spatter of melting metal as wele@snelt pool are able to be observed. In the case of the
one-fluid model [5], although the rolling waves of the t@olmetal surface can be expressed, the scattering of
the spatter cannot be simulated. As sule the simulated result is sinmilto the experimental one shown in
Fig.18(b).

(a) Simulation

(b) Experimental result
Fig.18 Melting and solidification phenomena. (a) Mgw of single bead molding processes of Inconel 718 by
simulation [4], (b) Experimental result of Incarmd.8 observed using a high-speed camera
Macro-simulation for melting-solidification analysis using commercial software was performed anc

predicted fabrication conditions such as laser powef, Ep@ed, hatch pitch and so on. The analysis of melting-
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solidification phenomenon of a melt pool by a computational fluid dynamics (CFD) was performed, and the
solidification maps, displaying solidification microstructure as a function of solidification rate and thermal
gradient at the solidification front, were determined by using a cellular automaton simulation.

In addition, the thermal deformation simulation software for LB-PBF, EB-PBF and DED using inherent
strain method was developed. The results analyzed by the inherent strain method coincided considerably with
those of the thermal elastic-plastic FEM analysis by optimization of the inherent strain of material.

Summary

Technology Research Association for Future Additive Manufacturing (TRAFAM) was carried out the
following two projects in order to develop the innovative Additive Manufacturing systems that would meet the
world's highest standards and the manufacturing technologies for high-value-added products. The schematic
chart of the Next-generation industrial 3D printers project is shown in Fig.19. The main results obtained are as
follows:

(A) Next-generation industrial 3D printers project

(1) TRAFAM developed the PBF type and DED type of AM prototype machines with electron beam or laser
beam systems. The software for controlling AM machines and the production technology of metal powder for
AM technology were developed in order to make AM machines higher performance.

(2) Morphology and temperature of a melt pool were observed and analyzed by using the electron-beam
powder-bed fusion (EB-PBF) system, equipped with a high-speed camera. Based on this basic survey, the
advanced monitoring system for the EB-PBF has also been designed and prototyped.

(3) The electrical and thermal properties of alloy powders used in the EB-PBF system were measured, and
the effect of a surface oxide layer was analyzed in order to consider the methodology to suppress the smoke
phenomena in EB-PBF system.

(4) The analysis of melting and solidification phenomenon of a melt pool by a computational fluid dynamics
(CFD), solidification maps, displaying solidification microstructure as a function of solidification rate and
thermal gradient at the solidification front, were determined by using a cellular automaton simulation, not
experiments.

(5) Considering the melting and solidification phenomena by laser radiation, the macroscopic simulation was
carried out by using the newly developed heat input model considering the different laser absorption factor
values by the powder layer, solidified part, and liquid phase in the unsteady heat conduction analysis. And, by
introducing the overlap ratio, it was suggested that the optimum value of energy density could be predicted.

(6) The multi-physics model in the LB-PBF system was constructed to simulate the melting and solidification
phenomena at a microscopic level by using a supercomputer.

(7) The thermal elastic-plastic simulation program was developed by using the inherent strain method in
order to predict the deformation of the parts fabricated by DED, LB-PBF and EB-PBF. The results analyzed
by the inherent strain method coincided considerably with those of the thermal elastic-plastic FEM analysis by
optimization of the inherent strain of materials.

(8) The tensile tests and fatigue tests were carried out using the specimens fabricated by PBF and DED type
prototype machines. The tensile strength of the as-built and HIPed specimens was similar to that of the
wrought materials. The fatigue strength of the as-built specimens was lower than that of the wrought materials,
while the fatigue strength of the HIPed specimens was similar to that of the wrought materials.

(9) The obtained data have been stored in the database designed and developed in this project.

1648



Electron Beam Laser Beam
Systems Systems

- Enhanced
speed

- Enhanced Al"t,a'
precision motive

- Upsizing

- Multi-layer
structure

Development
of Metal

L Schematic chart of TRAFAM project »,

Fig.19 Schematic chart of the Next-generation industrial 3D printers project

(B) Development of 3D printing systems for sandcasting cores and molds

The large-scale AM machines and materials for sand mold, which enable us to produce the required
complex molds and unified cores for metal casting were developed by CMET INC..

By FY2016, the first large AM machine with an organic binder and a coated sand was developed to
achieve the desired build speed of 100000 cc/h and work size (more than 1000 x 1000 x 600 mm).

In FY2017, the non-organic binder sand mold for AM system was developed to improve environment of
foundry. Sound cast parts were able to be obtained using this sand. The sand mold AM machine which can use
two types of sand partially was developed. The effect of reducing casting defects by the difference of heat
capacity in sand mold parts was able to be verified.

In FY2018, the largest sand mold AM machine (Fig.20) was developed and achieved the desired build
speed of 100000 cc/h and work size (1800x1000x750). An example of a sand mold part is shown in Fig.21.

Fig.20 Sand mold AM machine developed by CMET Fig.21 An example of sand mold
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