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Additive manufacturing technologies
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1. https://www.bcn3d.com/introduction-fff-3d-printing-technology-additive-manufacturing-basics/
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Introduction
Why MACHINE LEARNING?

« Machine Learning provides smart alternatives to analyzing vast volumes
of data.

 For FFF product structure validation:
« ML can offer new insight as its ability to discover implicit knowledge.
* ML can build the relationship between the printing parameters and product quality.
« ML can discover new knowledge from large databases (data mining).
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2. Methodology
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Methodology

Innovation:
No matter which defects are detected for FFF; the final purpose is guaranteeing the printed product quality for

real utilizing. So, we want to investigate the printing product structure validation with defect detection

by using ML.

Research purpose:

1. Insitu defect detection platform

2. Real-time structural fault detection

South Carolina
10




M etn o d 0 I 0 gv Offline training Online prediction

Printing starts

Training dataset
collection

Tensile test In-situ monitoring In-situ monitoring

Tensile test I

Tonsile resul + *
labelled images

Image
labelling \ 4

Image
preprocessing
| Real-time Cancel

y defect rmechanism Image
prediction .
i preprocessing

Real-time
monitoring

Prediction result

AN
AR o e

-
Real-time images
Printing cancel

ML maodel

Training
process

Training h Trained
CNN model CNN model

Training result

Accuracy Continue
satisfied? printing

Stop training Stop printing




Methodology

Inputs Feature maps Feature maps Feature maps Feature maps Feature maps Feature maps Hidden units Hidden units Outputs
1@224x224 32@?222x222 2@111x111 64@109x109 64@54x54 128@52x52 128@26x26 86528 128 31

NN

Convolution Max-pooling Convolution  Max-pooling Convolution Max-pooling Flatten Fully Fully
3x3 kernel 2x2 kernel 3x3 kernel 2x2 kernel  3x3 kernel 2x2 kernel connected connected

Designed CNN model structure based on LeNet

1. LeCun, Y., Bottou, L., Bengio, Y., and Haffner, P., \Gradient-based learning applied to document recognition,” Proceedings of the IEEE 86(11), 2278{2324 (1998).




Methodology

optical camera

112.9 mm

6 mm

0) d)

Defect detection platform and specimen for the FFF printing process: a) the fault detection platform; b)
and c) good quality specimen and specimen with fault (1 mm x 1 mm); and d) the specimen’s dimension.







Methodology

a)
Printed sample tensile test: a) the tensile test setup; b) the broken good quality
specimen; and c) the broken specimen with fault.

1. https://www.directindustry.com/prod/mts-systems-Itd/product-54100-1158099.html
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4. Conclusion and future work
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. This paper presented an online methodology of detecting structural faults for FFF.

. The approach integrates the product structure validation into the online fault detection, rather than just focusing on
surface faults.

. The designed FFF printer integrates an optical camera that can capture the product’s printing process images used
to train a CNN model. After training, this method can detect structural faults online.
Results show that the proposed fault detection approach has a promising accuracy, which is verified to be a
feasible method for FFF product fault detection.

Future work will include an investigation of printing temperature variation effects on product quality.
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