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Additive Manufacturing (AM) is a rapidly
expanding field that is still in its infancy. It
provides an attractive alternative to traditional
manufacturing methods due to its reduced
timescale from design to production. AM can be
used for rapid prototyping of new part designs,
or as a direct replacement to parts manufactured
using traditional processes.

After training the neural network to
automatically segment CT images using one
dataset, a second dataset was used to verify the
accuracy of the trained model. This model was
able to segment the dataset with 99% accuracy in
a pixel-by-pixel comparison.

Figure 5: Raw Data vs Segmented Data
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A neural network was created to automatically segment images,
removing the need to adjust segmentation parameters on a part-by-part
or image-by-image basis. This allows for build data to be rapidly analyzed
and characterized to provide insight on the porosity and features present
in an additively manufactured structure.

Statistics on defect metrics such as area and
circularity were collected from segmented images.
Figure 3 shows the probability distributions of
collected statistics in unitless percentages in order
to compare general trends. These trends show
some metrics are significantly skewed towards
certain values (area, distance, shape), while others
follow uniform (X, Y) or normal (layer) distributions.

Reconstructions

Figure 1: Additively 
manufactured engine 
block made by 
Ford Motor Company [1]

Figure 2: Neural Network Model

The neural network used is based on
the U-Net segmentation model [2] and is
shown in Figure 2. The model features a
down-sampling and an up-sampling path,
which serves to reduce the complexity of
the model while retaining feature
resolution. Figure 5 shows examples of
the network’s input and output data.

The fully-segmented data can be used to
generate an as-built 3D model of the part,
showing the locations of defects and allowing for
computational prediction of its properties.
Information from this reconstruction is then used
to create a probabilistic model of what defects
another structure manufactured using AM could
contain. This model can then be used to
computationally predict the mechanical
properties of a built part.

Powder bed fusion (PBF) is an AM process that
utilizes an energy source to fuse metal powder
to form structures. PBF materials are prone to
gas and shrinkage porosities that can act as
stress concentrators and lead to part failure. The
use of data analytics can provide valuable insight
to relationships between build parameters and
part quality.

Objective: Design and develop a probabilistic
model that accurately describes the likelihood of
defect formation with respect to part geometry
in additively manufactured metal parts using X-
Ray Computed Tomography data.
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Figure 3: Heatmap of Probability Distributions for Various Statistics
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