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Powder Bed Fusion Additive Manufacturing
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s+ Recent work has
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metal 3D printing by high-intensity ultrasound."
Nature communications 11.1 (2020): 1-9.
https://doi.org/10.1038/s41467-019-13874-z

Figures 1, 2f, & 6e used under CC BY 4.0 license
http://creativecommons.org/licenses/by/4.0/



https://doi.org/10.1038/s41467-019-13874-z
http://creativecommons.org/licenses/by/4.0/

Overview and Objective of Current Work

s+ Three linked research
areas

¢ Objective is to test
feasibility of using

Thermal Simulations of
the DED & PBF Processes
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the DED process?

« What amount of nucleation
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Ultrasonic Cavitation

ultrasonic induced grain e
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for PBF?
 What are the ultrasonic
tip conditions?
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Thermal Simulations of the DED & PBF Processes

*+ Rosenthal Equation Experimental vs.
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Prediction of Morphology & CET Curves

% Estimated columnar vs. equiaxed using s
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curves [5]
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[5] S.L. Kuntz, "Feasibility of attaining fully equiaxed microstructure through process variable
control for additive manufacturing of Ti-6Al-4V." (2016), M.S. Thesis, Wright State University
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 Ultrasonic-induced grain
refinement mechanism: fracture of
dendrite tips

< Leads to increase in heterogenous
nucleant particles
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Experimental Setup

“+ Configurable Architecture
Additive Testbed (CAAT) at
NASA LaRC

¢ 1070 nm TEMOO laser (179 W
effective power used for
processing)
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Measurement of Ultrasonic Tip Displacement

7/

¢ Velocity measured via Doppler
vibrometer (LDV)

* Velocity - displacement -
acoustic intensity

N

*
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% 12.7 mm diameter Ti-6Al-4V sonicator
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[4] Todaro, C. J., et al. "Grain structure control during metal
3D printing by high-intensity ultrasound.” Nature
communications 11.1 (2020): 1-9.
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Evidence of Cavitation

“ Evidence of cavitation in 500 mm/s & 850 mm/s
¢ Time-scales with bubble formation & collapse ~100 pus
“ Slow velocity = longer melt pool = more time for cavitation

500 mm/s 850 mm/s 1200 mm/s




Effect on Microstructure

¢ Evidence suggests that 850 mm/s velocity modifies reconstructed grain
aspect ratio
* No effect observed at 1200 mm/s velocity

“ Increased residence time seems to promote more cavitation
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Conclusions

*» Ultrasonic cavitation-induced grain refinement appears to be
compatible with PBF solidification conditions

+» Evidence indicates that cavitation occurred between 500 mm/s
and 850 mm/s

*+ Modification to reconstructed grain aspect ratio was observed
under 850 mm/s velocity conditions
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