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Objective

Develop a fundamental understanding of yield and localization in
Additive Manufactured (AM) structural alloys.

Motivation
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* Parts produced through AM demonstrate anisotropic material
behavior
* This behavior stems from nonuniformities in the microstructure
resulting from the manufacturing process
o Fusion of material in a point-by-point manner
o Deposition of a new layer onto a previous layer

powder bed fusion (selective laser melting).
J. Sugar, 2017

traditional manufacturing.
J. Sugar, 2016

Methodology
* Modeling
o Investigating effects of microstructural physics
o Incorporating effects of process
o Structure-microstructure coupling

* Coupling to characterization and
mechanical testing
o Realistic microstructure
o Rate and temperature dependence
o ldentify/discovering mechanisms of
deformation

Microstructure with 40 grains created using
DREAM.3D and SCULPT.
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Results
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(Left) Stress corresponding to loading direction at a strain of 0.05
produced calculated by SIERRA SM crystal plasticity model. (Right)
Plot corresponding to the volume averaged stress and deformation
gradient at each time step to produce a stress-strain curve.
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(Left) Map the crystal orientation for each grain in a single
microstructure onto a pole figure. (Right) Contour plot of the
analytical yield stress on the same pole figure.

Plot of Yield Stress Predicted from Yield Loci
Versus Yield Stress from Sierra (20 Grains)

Plot of Yield Stress Predicted from Yield Loci
Versus Yield Stress from Sierra (40 Grains)
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Yield Stress - Sierra (MPa)

Using the pole figure mappings and the grain size of each grain predict
the yield stress.

Yield Stress - Sierra (MPa)

Future Work

* Select an representative volume element (RVE) and fit material
parameters to experimental stress-strain data

* Generate yield loci and fit a yield criterion

* Implement yield criterion in macroscale
model and couple structure-microstructure o
problems

Engineering Stress-Strain Response
at a Constant Strain Rate of 1e-02/s
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