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Additive manufacturing (AM), or 3D printing, of metals is transforming the fabrication of parts by
reducing the weight of final parts, reducing waste (and hence energy) in the manufacturing process,
and dramatically expanding the design space, allowing optimization of shape and topology. However,
there remain challenges in qualification of AM parts due to the unique physical phenomena inherent
in AM processes. Although the physical processes involved in AM are similar to those of welding, a
field with a wealth of experimental, modeling, simulation, and characterization research over the past
decades, the failure rate for new AM parts is often as high as 80%. While modeling approaches and
simulation tools for welding and similar processes are quite mature, and have been calibrated to the
point that they are approaching predictive capability, they are proving to be inadequate for AM
processes. We believe this is in part due to the fact that the process-structure-property-performance
relationship is typically treated in an uncoupled manner, relying on tabular databases and hence
unable to adequately capture the rapid dynamics and non-equilibrium nature of AM processes.

The Exascale Additive Manufacturing Project (ExaAM) is a collaboration between U.S. Dept. of
Energy laboratories as part of the Exascale Computing Project' (ECP). ECP is a broad program
including research efforts in hardware component and system design, system software, system
acquisition and deployment, and science application development to deploy a computational
ecosystem capable of delivering at least fifty times the performance of today’s largest systems.

ExaAM is one of the applications selected for the development and implementation of models that
would not be possible on even the largest of today’s computational systems. With the prospect of
Exascale computing resources in mind, one of the goals of ExaAM is to remove some of the
limitations noted above by coupling high-fidelity sub-grid simulations within continuum process
simulations to determine microstructure, properties, and hence performance using local conditions.

Figure 1 depicts the relevant physical phenomena in metal additive manufacturing processes, the
focus of ExaAM. We briefly describe the overall goals and elements of ECP as well as the technical
approach being taken in ExaAM, which involves integrating and extending existing physics
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components ([1], [2], [3], [4], [5], [6]), most of which were not developed specifically for AM but
which include the relevant high-fidelity physics capabilities. We also discuss plans for verification
and validation of this new integrated simulation environment through collaboration with efforts such
as AM-Bench, a set of benchmark test problems under development by a team led by NIST [7].
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Figure 1: Physical phenomena in metal additive manufacturing processes.

References

[1] J.-L. Fattebert, M. E. Wickett, and P. E. A. Turchi, “Phase-field modeling of coring
during solidification of Au-Ni alloy using quaternions and CALPHAD input,” Acta
Mater., vol. 62, pp. 89-104, Jan. 2014. doi:10.1016/j.actamat.2013.09.036.

[2] N. E. Hodge, R. M. Ferencz, and J. M. Solberg, “Implementation of a thermomechanical
model for the simulation of selective laser melting,” Comput. Mech., vol. 54, no. 1, pp.
33-51, Jul. 2014. d0i:10.1007/s00466-014-1024-2.

[3] S. A. Khairallah, A. T. Anderson, A. Rubenchik, and W. E. King, “Laser powder-bed
fusion additive manufacturing: Physics of complex melt flow and formation mechanisms
of pores, spatter, and denudation zones,” Acta Mater., vol. 108, pp. 36-45, Apr. 2016.
doi:10.1016/j.actamat.2016.02.014.

[4] D. A. Korzekwa, “Truchas — a multi-physics tool for casting simulation,” Int. J. Cast Met.
Res., vol. 22, no. 1-4, pp. 187-191, Aug. 2009. doi:10.1179/136404609X367641.

[5] B. Radhakrishnan, S. Gorti, and S. S. Babu, “Phase Field Simulations of Autocatalytic
Formation of Alpha Lamellar Colonies in Ti-6Al-4V,” Metall. Mater. Trans. A, Sep.
2016. doi:10.1007/s11661-016-3746-6.

[6] A.J. Trainer, C. K. Newman, and M. M. Francois, “Overview of the Tusas Code for
Simulation of Dendritic Solidification,” LA--UR-16-20078, 1237211, Jan. 2016.
http://www.osti.gov/servlets/purl/1237211/ (accessed December 31, 2016).

[7] U.S. National Committee on Theoretical and Applied Mechanics, Board on International
Scientific Organizations, Policy and Global Affairs, and National Academies of Sciences,
Engineering, and Medicine, Predictive Theoretical and Computational Approaches for
Additive Manufacturing: Proceedings of a Workshop. Washington, D.C.: National
Academies Press, 2016. doi:10.17226/23646.



	References



