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Research purpose

Innovation:

No matter which defects are detected for FFF; the final purpose is guaranteeing the pr|n
quality for real-life utilization. But not all the defects will impact the product quality. So,
investigate the printing product structure validation with different defect sizes’ cl_ec ,,‘ -,

by using ML. ,é{ .. |
Research purpose: 1(;\ el
1. In situ defect detection platform.
2. Decision boundary for different defect sizes impacting on product structure validation. oy : ,
3. Defect size vs. model detection accuracy. : g irs

4. Online structural defect detection.
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Product structural quality monitoring

« Defect: printing product quality
(good/defect)

« Algorithm: SVM, CNN

» Accuracy: 98.2%, 99.5%

1. Barath Narayanan, Kelly Beigh, Gregory Loughnane, Nilesh U. Powar, Support vector machine and convolutional neural network
based approaches for defect detection in fused filament fabrication, Applications of Machine Learning, SPIE, 2019.
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Extrusion defect detection
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Product bonding quality monitoring

« Defect: good quality,
over-extrusion, under-extrusion

» Algorithm: DCNN

« Accuracy: 94%

1. Zeqing Jin, Zhizhou Zhang, and Grace X. Gu. Autonomous in-situ correction of fused deposition modeling printers using
computer vision and deep learning. Manufacturing Letters, 22:11-15, October 2019.
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Infill defect detection
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« Accuracy: 85.26%, 95.51% NeveBayes el O BE
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1. Mingtao Wu, Vir V Phoha, Young B Moon, and Amith K Belman. Detecting malicious defects in 3d printing process using e » 0
machine learning and image classification. In ASME 2016 International Mechanical Engineering Congress and Exposition. Confusion matrixes 4 o
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Process development

online prediction
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Defect detection platform and specimen

for the FFF printing process

« defect detection platform

 good quality specimen and specimen
with defect (1 mm x 1 mm)

» specimen’s dimension
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?.-.:;' :
Data collection *

Video for the data
collection process.

BlL
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Deep learning architecture

Inputs Feature maps Feature maps Feature maps Feature maps Feature maps Feature maps Hi nits
1@224x224 32@?222x222 2@lllx11l  64@109x109 64@54x54 128@52x52 128@26x26 8

Designed CNN model structure
based on LeNet 5
« 3 convolutional layer
« 3 max pooling layer
« 2 fully connected
hidden layer

Convolution Max-pooling Convolution ~ Max-pooling Convolution Max-pooling ‘ﬂ@ en
3x3 kernel 2x2 kernel 3x3 kernel 2x2 kernel  3x3 kernel  2x2 kernel h

1. LeCun, Y., Bottou, L., Bengio, Y., and Haffner, P.,, \Gradient-based learning applied to document recognition," Proceedings of the IEEE 86(11), 22
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Designed impactful defects

\ / 8 samples for defect 1
Broken at defect: 8
i Not at defect : 0

P defect 2
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P defect 2
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Defects impact on structural quality

Decision boundary for different
defect sizes impacting on
structural quality

« algorithm = SVM

» kernel = polynomial

« degree =3

The American Society of Mechanical Engineers »
ASME®

Height (mm)

‘ VIRTUAL CONFERENCE

JULY 28-30, 2021

e O
e 1
2.5 1 Lo
2.0 - L g
8 samples for defect 1 ‘:':‘ ¥ ' '
1.5~ brok%n at defect: 6 ® ; %0
not at defect: 2 | ol
8 samples for defect 2 el
broken at defect: 5 ‘s b
1.0 not at defect: 3 ® .
0.5 1 ®
®
® ® ®
0.0 -
0.0 0.5 1.0 1.5 2.0 2.5
Width (mm)




ASM E® 2021 QN DE VIRTUAL CONFERENCE

Annual Review of Progress in Quantitative Nondestructive Evaluation JULY 28-30, 2021

FinI defects

Final defect sizes (1 mm x 1 mm, 1 mm x 0.5 mm, 0.5 mm x 0.5 mm) for defect detection accurac
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Results: failure prediction
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—t

Conclusion

. This paper presented an online methodology of detecting structural defects for FFF.
. The approach studies defect size vs. model detection accuracy and integrates the giod
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structure validation into the online defect detection rather than just focusing on st f ce
defects. ,ﬁw

. The designed FFF printer integrates an optical camera that can capture the product’s printin "'

process images used to train a CNN model. After training, this method can detect stri f‘fr o

defects online. .
Result shows the proposed defect detection approach has a promising accuracy, even fi “the
minimal structural quality impacting defect size (here is 0.5 mm x 0.5 mm), which is
to be a feasible method for FFF product defect detection.
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