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Using synthetic AM microstructures in mechanics simulations?

Synthetic microstructures were generated for a powder fed-like AM process within a tubular domain. The resulting microstructures were
remeshed and used in Direct Numerical Simulations (DNS) of mechanical response in the elastic regime.

Microstructure simulation

Simulations were performed at four scan velocities. Each tube was simulated using a
scan pattern of two concentric circular scans per layer.

Resulting microstructures showed a transition between columnar and equiaxed grains
as scan velocity increased.
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Voxelized Monte Carlo microstructures were remeshed
to a conformal finite element mesh of ~ 55,000,000
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Pure tension loading Pure torsion loading

A side hole was “machined” from the tube before the application of
torsional loading. For each scan velocity, the synthetic
microstructure resulted in substantial variation from the

homogenous response.

The introduction of a synthetic microstructure resulted in significant
deviation from the uniform response of a homogenous tube. The
helical pattern of columnar grains decreased with increasing scan
velocity, resulting in more isotropic variation.
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Coupling with thermal diffusion solver

A finite difference thermal diffusion solver has been directly coupled with the
microstructure simulation. A 3D Gaussian heat source is used to model laser energy
input. The model also implements convection/radiation boundary conditions, latent
heat, and temperature-dependent element activation.

The thermal solver also allows for the use of externally-specified scan patterns
through the use of a G-code interpreter. An example of microstructural variation with

scan pattern is shown.

A cube was sliced into two unique scan patterns in Slic3r (below), which were then
used to drive microstructural simulations (right). All other parameters were held

constant.

1.Rodgers, T.M., et al. JOM, 2016.
68(5): p. 1419-1426.

2. Rodgers, T.M., et. al.
Computational Materials Science,
2017.

3. Rodgers, T.M., Bishop, J.E.,
Madison, J.D. In preparation

4. Rodgers, T.M., Abdeljawad, F.,
Madison, J.D. In preparation

5% U.S. DEPARTMENT OF /| W R | DQ&

JENERGY WVA A

Sandia National Laboratories is a multimission laboratory managed and operated by National
Technology & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell
International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-NA0003525.




