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Inspection of Additive Manufactured
Parts Using Computed Tomography:
Part 2
by Lennart Schulenburg and Frank Herold
Additive manufacturing (AM) offers
new possibilities in manufacturing and
designing products. The aerospace and
automotive industries are main drivers
because of the possibility of manufacturing
lighter structures that reduce weight and
save fuel.
During the AM process, different
discontinuities or defects can occur,
depending on the applied technology.
To ensure constant manufacturing
quality of the parts, regular sampling or
100% inspection using nondestructive
testing (NDT) methods is required. In
particular, computed tomography (CT)
allows a contactless investigation and
includes different analysis techniques.
As an advantage over other techniques, it
can even evaluate parts that have a very
complex inner structure.
Part 1 of this article, which appeared
in The NDT Technician, Vol. 19, No. 4
(Schulenburg and Herold 2020), provided
an overview of the AM technology,
particularly selective laser melting (SLM),
and commonly occurring discontinuities
along with their possible causes. In
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Part 2, we will provide an overview of the
CT inspection setup and process, along
with a case study showing some examples
of the types of discontinuities that are
found in AM parts.

CT Analysis of AM Products
With the rapid growth of AM technology,
some evaluation criteria for processing
techniques, processing parameter
optimization, quality control, and
detection of possible discontinuities
should be developed (Kruth 1991). CT,
with its nondestructive nature, is one of
the more promising techniques for the
inspection of AM parts.
The following list provides the most
relevant analysis techniques that are based
on CT:
l Porosity analysis: with this tool, the
software detects irregularities because
of a deviation of the gray values in one
region compared with the local area.
Pores with different sizes can be marked
in different colors (as shown in
Figure 1) and statistically analyzed
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Figure 1. Porosity analysis: (a) cross-sectional plane with and without the marked pores;
(b) a transparent 3D volume of the AM part with colored pores.
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Figure 2. Residual field inside a bar
generated by: (a) slow break; (b) quick
break transient current.
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Figure 2. Example of distance and angle measurements in a CT scan.

l

according to the diameter, volume,
surface, frequency distribution, or
probability.
Dimensional measuring: different
measurement tools allow a verification of
distances and angles. This is very useful if
it is necessary to check values on inboard
structures (Figure 2).
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Nominal actual comparison: in this
analysis, the computer-aided design
(CAD) model geometry of the product
is compared with the result of the 3D
volume obtained by CT. The deviation
can be pictured in different colors or
scales, as shown in Figure 3.
Wall thickness analysis: this is a way to
analyze3.the
different
material thicknesses
Figure
Quick
break tester.
of the part with a colorful scale, as
shown in Figure 4.

CT is an indirect test procedure, and
therefore measurements (for example, of the
size of material faults) of wall thicknesses
must be compared with another absolute
measurement procedure. Another potential
drawback of CT imaging is the possible
occurrence of artifacts in the data. Artifacts
limit the ability to quantitatively extract
information from an image. Therefore, as
with any examination technique, the user
must be able to recognize and discount
common artifacts subjectively (ISO 2017).
Like any imaging system, CT can never
reproduce an exact image of the scanned
object. The accuracy of the CT image is
dictated largely by the competing influences
of the imaging system, namely spatial
resolution, statistical noise, and artifacts.
Another important consideration is to
have sufficient X-ray transmission through
the sample at all projection angles without
saturating any part of the detector
(ISO 2017).
In order to reach a high-resolution CT
scan, preferably with small voxels (a voxel
is the 3D equivalent of a pixel), one should
always pay attention to the scanning time
and the file size. A reduced scanning time
will be detrimental to the scanning quality,
but more projections mean an increased
memory requirement, particularly with a
high-resolution detector with small pixels.

Case Study
A typical defect, as described in Part 1
(Schulenberg and Herold 2020), is the
lack of fusion or non-adequately heated
powder in one or more layers in the SLM
process. This can occur because of a wrong
parameterization of the printing machine
or fluctuations in laser output. These
defects are not visible from the outside
after printing, because the laser first drives
a contour path before melting the volume.
These are two different parameter sets. In
this case, only the parameter set of the
volume path was manipulated. It is not
known what size the defects will be;

that is why a test with a high-resolution CT
system was used to detect these kinds of
defects.
The Günther-Köhler Institute for Joining
Technology and Materials Testing in Jena,
Germany, produced two test samples
made of AlSi10Mg powder with their
SLM laser beam melting system and the

standard parameter set for aluminum with
325 W laser output. For one of these two
samples, the laser output was reduced
to 225 W over four layers to create an
area of manufactured defects. The other
sample was used as a reference. For the
CT scanning, a CT microfocus tube and a
digital detector array (DDA) with 100 µm

pixel size was used. For the CT scan, the
following parameters were used: 70 kV,
180 µA, magnification (M) = 13, and
1000 projections with eight integrations.
The defect area was already visible in the
2D projections, as shown in Figure 5.
With the chosen setup and parameters,
we reached a voxel size of 16 µm. Slices
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Figure 3. Nominal actual comparison: (a) CAD and CT volumes; (b) result of the nominal actual comparison.
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Figure 4. Turbine blade with applied wall thickness analysis.
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Figure 5. Use of manipulated parameters: (a) 2D image reference sample without
manipulation; (b) 2D image of manipulated sample with visible area of pores.
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of the CT scans are shown in Figure 6.
The manipulated section can be separated
from the surrounding material on the
side view with the naked eye. The top
view shows that there are some pores in
the reference sample as well, but they are
smaller in number and size compared to
the manipulated part.
To quantify this, we applied a porosity
analysis in similar-sized regions of both
samples. The software marked the detected
pores, depending on the pore volume, in a
color scale. The 3D view shows the shape,
extension, and position of the pores inside
of the volume, as shown in Figure 7. With
this analysis technique, it is possible to
receive statistical data about the pore size
and amount.
The histogram in Figure 8 shows a count
depending on the diameter of the detected
pores in both samples. The reference shows
an accumulation of pores with a diameter
range of 0.05 to 0.3 mm and two pores at
0.4 and 0.6 mm. The manipulated sample
shows a wider range with a concentration
between 0.05 and 0.6 mm in diameter
and an increase of the number of pores in
total. As well, there are a few pores with
a higher diameter up to 2.1 mm. Thus,
the range of diameters and the number of
pores are correlated with different process
parameters. The exact correlation will be
derived with a wider range of samples in
future studies.
This result shows that it is feasible to
use CT for detecting incorrect process
parameters for AM that can lead to
material failure using the porosity analysis.

Conclusion
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Figure 6. Top and side view slice of 3D volume: (a) reference sample; (b) manipulated
sample.
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AM technology is growing, but there
are some limitations, including the
standardization of the process, qualification
of the parts, and optimization of the
manufacturing process. The increased
motivation to use AM necessitates the
development of qualified inspection
techniques. CT offers a wide range of
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Figure 7. 3D volume with applied porosity analysis: (a) reference sample; (b) manipulated sample.
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Figure 8. Histogram with pore diameter in millimeters, where blue is the reference and orange is the manipulated sample.

analysis techniques to evaluate such complex
structures depending on the application.
In many places, different institutes and
organizations are working on standardization
for AM products and their qualification.
This is needed for an orientation regarding
the right quality control system, but it will
be difficult to develop one standard for
so many different AM technologies and
possible discontinuities. h
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