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Abstract: The use of additive manufacturing technologies in industry is increasingly
common, particularly with the emergence of Industry 4.0. These technologies can produce
parts quickly and efficiently, but they also place higher demands on the quality of the
manufactured products. The layer-by-layer processes create an anisotropic material model,
which complicates component sizing. While the topic has been extensively researched,
surface anisotropy has received less attention. The surface quality of a product may be
affected by various factors, including the file conversion process or the staircase effect
generated by the technology. Manufacturing parameters, such as layer thickness and
orientation, can also have an impact. This paper focuses on the impact of reverse engineering
step adjustment on surface quality.
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1. INTRODUCTION

Today, additive manufacturing technologies are being used in more places and on an
increasing scale. Additive manufacturing technologies are increasingly used in
various applications due to their ability to meet the requirements of Industry 4.0
(Albert & Takacs, 2023). However, the requirements for the components
manufactured using this technology are also increasing. The layer-by-layer approach
creates an anisotropic material model, making component sizing a more complex
task (Kovacs & Kovacs, 2008). This topic has been researched extensively, but
surface anisotropy has received less attention (Ahn, Kweon, Kwon, Song, & Lee,
2009), (Jin, Li, He, & Fu, 2015), (Pérez, 2002). This may be due to various reasons,
such as the file conversion required for manufacturing preparation, as well as the
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staircase effect resulting from the technology used (2.5D machining) (Konya &
Ficzere, 2023), (Pandey, Venkata Reddy, & Dhande, 2003). Additionally, the surface
quality of the final part is influenced by the manufacturing parameters such as layer
thickness and orientation. There are various ways to enhance the surface quality
(Koénya & Ficzere, 2024), (Hanon, Alshammas, & Zsidai, 2020), (Ficzere & Laszlo,
2023). However, discussions often revolve around the accuracy of manufacturing
equipment, machines, and printers when inspecting, checking, and measuring a
completed, manufactured part (Doméotor, 2023). It is important to note that these
control measurements also have their own level of accuracy, which may result in
errors in the system. It is possible that the measurement is inaccurate rather than the
part itself (Makkai & Sarka, 2023). This paper illustrates the effect of adjusting a
reverse engineering step used in a back-measurement.

2. METHODOLOGY

In 3D printing, layer-by-layer construction results in a staircase effect. The
magnitude of this staircase effect depends on the position of the surface, so even if
the printer is accurate, an error is made in the design of the toolpaths. A test part is
shown in Figure 1, which illustrates the staircase effects caused by different shape
features. The same shape accuracy results in different surface quality depending on
the orientation.

Figure 1. Toolpath in slicer software
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Another unavoidable error is that we introduce varying degrees of error into the
system when we select the layer height, a step that also affects printing speed. But
even before these steps, errors are introduced during the conversion from CAD
geometry to a standard triangular language (stl) file for the machine. Of course, with
careful planning and thoughtful tolerances, the amount of error can be reduced to
almost nothing during file conversion. The results of file conversion with different
tolerances are shown in Figure 2. It is clear from the figure that when the file
conversion tolerances are reduced, only the curved surfaces change in the resulting
stl file. The finer the tolerance, the better it follows the original CAD geometry.

Figure 2. CAD-stl file conversations with different tolerances

In this study, the deviations of the part resulting from the coarsest stl conversion (top
left in Figure 2) are investigated using reverse engineering methods. Today, most
CAD software has a reverse engineering module. Here we have the possibility to
perform deviation analysis. However, it should be noted that in the case of very
coarse stl (as in the case under study), it is not possible to compare CAD and stl
geometry in one step due to the large mesh sizes. We will also see later that even if
it were possible, it is not practical because the coarse mesh distorts the results
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significantly. It is therefore advisable to remesh the stl geometry. In this case, the
geometry under consideration is covered with smaller, uniformly distributed
triangular elements. Such a remeshed geometry is shown in Figure 3.

Figure 3. Remeshed stl model

The remeshed geometry shown in Figure 3 has been covered with triangular facets
with an average element size of 6.75 mm. A comparison can now be made with the
original CAD geometry. However, it is worth comparing the mesh shown in Figure 3
with the mesh shown in Figure 2, top left, where the difference is significant. We
will now investigate how modifying the average element size used as a parameter
for remeshing affects the accuracy of determining the deviation from the original
CAD geometry.

3. RESULTS

The coarse stl mesh was remeshed with five different average element sizes
(6.75 mm, 1 mm, 0.5 mm, 0.3 mm, 0.1 mm) to investigate the deviations from the
original CAD geometry. Figure 4 shows the result of the deviation analysis after
remeshing with the largest element size of 6.75 mm.
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Figure 4. Deviation analysis on remeshed (6.35 mm) coarse stl model

Figure 5. Deviation analysis on remeshed (0.1 mm) coarse stl model

It worth noting that this mesh density is not sufficient in critical areas with large
deviations. Compared to the results of the analysis with an average element size of
0.1 mm shown in Figure 5, the difference is impressive and significant. The results
obtained are shown in Table 1 as a function of the number of elements and the
average element size.
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Table 1
Deviations depending on element sizes

Element size Number of | Deviation
(mm) elements (mm)

6.75 236 0.667064
1 2594 0.678177
0.5 10449 0.679614
0.3 31482 0.685532
0.1 289128 0.685623

4. ANALYSIS

In Figure 6 we can visually observe the results of the deviation analysis for the
different mesh densities.

A more detailed examination of the figure shows that even at low mesh densities the
deviations from the CAD geometry are of a different nature. For example, in the
upper left part of Figure 6 the deviations are only patchy, whereas in the lower right
part of the figure (element size 0.3 mm) the bands along the roundings are clearly
visible.

Irrespective of the numerical values, it can be seen, as expected, that there are no
deviations from the CAD geometry on the flat surfaces, while there are deviations
on the curved surfaces (roundings). It is also clear that the deviation varies along the
curvature, which was also expected. These findings confirm that the deviation
analysis within the reverse engineering module is fit for purpose, the results are in
accordance with the theoretical background.

However, it is also interesting to note that the deviations are even more significant
for double roundings (corner rounding, spherical surface).

It is useful to examine the numerical results in the shape of a diagram. In this way,
the nature and shape of the curve can be used to determine whether an appropriate
mesh density has been used. The results of the present study are presented in a
diagram in Figure 7.

It can be seen that for small numbers of elements, although the shape of the curve
changes significantly, the accuracy deviation is still less than 0.15 mm. Naturally,
this depends on many things, so it is advisable to plot such a convergence curve for
each individual part.
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Figure 6. Deviation analysis with different element sizes in remeshing
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Figure 7. Deviations as function of the number of surface elements
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5. SUMMARY

In summary, although our software is now capable of very high accuracy, without
the right theoretical background we can make significant errors in file conversions,
measurements and revalidation. It is therefore worth being cautious when judging
the accuracy of production equipment.
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