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Design, Development, Characterization, Testing Installation & Flight
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NAVAIR marks first flight with 3-D printed, safety-critical parts.

http.//www.navair.navy.mil/index.cfm?fuseaction=home.NAVAIRNewsStory&id=6323 clmplan
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Sensors Integrated into 3D Systems ProX 320 (and other systems):
1. High-resolution/high-magnification imaging system (six (6) differing lighting schemes)
2. Two (2) high-speed/high-magnification video

 Coaxial camera with 405 nm BP filter / Front-facing camera with 520 nm BP filter
e 25,000 fps

3. Optical Process Emissions (100 kHz)

* Spectrometer High Resolution Layerwise Imaging
e Multi-Spectral Sensors Multi-spectral (50 pm or 11 um pixel)
Acoustic sensors (192 kHz) ; High Speed Video sensor lllumination Laser

Thermal Imaging
DMP Melt Pool sensor

Laser-based powder height
measurement
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Corbin D.J., Nassar, A.R. Reutzel E.W., Krane, M.H., Overdorff, R. (2019) Investigation Of PBFAM Flaw Formation Through High-Speed Video
Monitoring 30th Annual International Solid Freeform Fabrication Symposium — An Additive Manufacturing Conference.
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Defect Detection
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Petrich, J., Snow, Z., Corbin, D., & Reutzel, E. W. (2021). Multi-Modal Sensor Fusion with Machine Learning 100 200 400 400 500 600
for Data-Driven Process Monitoring for Additive Manufacturing. Additive Manufacturing, 102364.




Advanced Sensing, Defect Detection, and Process Control
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Layer-wise imaging, combined with supervised learning I Total Number of Anomalies
. . " . . [ Correctly Classified Anomalies
using CT-ground truth is capable of identifying stochastic Cortect Anomaly Classification Rate

lack of fusion. 100 . . 100
90 190 Q
80 180 3
70 470 &
Q
w 60 160 &
g 2
5 S0 150 %ﬁ
© a0t 140 &
o
30+ 430 5
o)
Voxelized Reconstruction 20 i 7] 20 %
10+ 110 °
0 == 0
e 0 100 200 300 400 500 600
g S — Spherical Equivalent Diameter, ym
y-position, pm
” Front Right N@19x15x11 12@19x19x11 12@9x5x5 12@8x5xS 12@4x4x2 12@4x4x2 1x2
750 750
500 500
E 250 g 20
: -S;m : :;m ‘ ‘ ‘ O Anomaly
50 750 i - \ O Nominal
-750 -500 -250 0 250 500 750 <750 -500 -250 0 250 500 750
X-position, pm y-position, pm
5x5x5 Conv. Max-pool  3x3x3 Conv. Max-pool 3x3x3Conv. Dense
Z. Snow, B. Diehl, E. Reutzel, A. Nassar, Toward in-situ flaw detection in laser powder bed fusion additive manufacturing through layerwise slmplan
7 imagery and machine learning, Journal of Manufacturing Systems. 59 (2021) 12-26. https://doi.org/10.1016/j.jmsy.2021.01.008.
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C. B. Stutzman, A.R. Nassar, D.J. Corbin, J. Irwin, P. Michaleris: Q. Wang (2019) A Machine-agnostic Feedforward Controller for Commercial
Powder Bed Fusion Systems 30th Annual International Solid Freeform Fabrication Symposium —An Additive Manufacturing Conference
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