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coarsening, and loss of strength. At high temperatures
(50-85% Tm,), GRCop-84 provides the best thermal and
mechanical properties of available alloys.
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GRCop-84 is currently developed for
reusable launch vehicles, including the
Space Launch System (SLS), with a focus
on fabrication via additive manufacturing
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* High levels of strain present in as-built parts exceeding
nominal yield strength limits
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Neutron diffraction provides an accurate non-destructive method of

quantifying stresses in the volume of a part through the highly penetrating nature M | C rO S t r u Ct u re EVO I u t | O n CO n C I u S | O n S

of neutrons. Specialized instruments like ORNL’'s NRSF-2 or VULCAN can be
utilized to characterize and map the stresses generated in the AM process by
measuring the interplanar atomic spacing of a single reflection or full diffraction
pattern. Stress can be calculated from interplanar strain.

* Type-1— Macro-stress over several grains

Strain maps of pillar sample indicate large compressive strain in the center
balanced by tensile strains towards the edges in the build direction, which is typical of
metal expansion and cooling. Literature values and a recently determined elastic
modulus obtained from compression tests are higher than originally anticipated, and

 Electrical Discharge Machining (EDM)
- Removes part from build plate
- Relieves stress at interface

. T > _ Mi t develoned withi . - Excessive stress can result in using this higher modulus results in pillar stresses that would substantially exceed the
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« Type-3 — Sub-micro stress over several atomic distances « Hot Isostatic Pressing (HIP) microstructure might be responsible for this behavior.
__ Jo : : - Parts are annealed prior to HIP Previously, it was assumed that the HIP process effectively eliminates the
s = Akt — Ak StreSS/S:[ram Estimates _ HIP is conducted well above residual strain within the parts, but significant, albeit small, stresses remain.
e 0 * Young's modulus, E, 111-130 GPa annealing temperature and high Additionally, the HIP process appears to interfere further with the microstructure as the

d, and even elastic modulus seem to change slightly. While the elastic modulus may
be statistical variance, the d, has been consistently reduced between samples.
Future work includes obtaining an accurate elastic modulus for principle build

 Poisson’s ratio, v, of 0.29
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oressure
- Reduces porosity

E v - Homogenizes microstructure directions to further refine stress values and investigate modulus change as a function
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l+v 1—=2v images reproduced from: Grad, Paul R., et al. [1] stress relieved beam to provide direct supplemental microstructure information.
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