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Quality control of additively manufactured parts is a crucial topic, since it includes the measurement of freeform
geometries, i.e. lattice structures, and parts characterized by surface topographies several times more rough than
conventional machining. Freeform surfaces and their related measurands can be effectively assessed via areal
optical scanning techniques and X-ray-based systems, while it is still of great interest to evaluate the effect of the
surface quality on their measuring performance.

In this work, an experimental investigation about the influence of a typical additive manufacturing surface

texture on optical measurements was conducted. As test object, the geometry of a standard freeform artefact
developed by the NPL Institute was considered and it was realized by using a Material Extrusion Additive
Manufacturing (MEX) technology and micro-milling. By comparing results coming from the two realized arte-
facts, it was possible to evaluate the influence of the AM surface texture on the conducted measurements.

1. Introduction

The measurement of additively manufactured parts is currently a
topic of great discussion, although there is still a gap concerning the
geometric specification and metrology. Additive Manufacturing (AM)
opened the possibility to realize complex structures not feasible with
other manufacturing techniques, posing a crucial challenge for most of
the already existing measuring instruments [1].

Some of the main challenges that AM brought in the field of coor-
dinate metrology are related to complex freeform shapes, re-entrant
features, occlusions and surface texture with typically high roughness.
Moreover, AM technologies involves the use of a wide range of mate-
rials, polymers, metals, composites characterized by different proper-
ties. As a consequence, measurement errors may arise, leading to
different results according to the measuring principle adopted [1,2].

The measurement of freeform shaped objects is a topic already dis-
cussed in literature [3,4].

If just the geometrical complexity is considered, a non-contact
measuring system could be selected as the best choice thanks to its
capability to acquire large amounts of points in short time, regardless
the complexity of the object’s shape. Although, there are still issues
related to the traceability of those systems, which strongly depends on
the considered measuring task. Generally, from a metrological point of
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view, Coordinate Measuring Machines (CMMs) are still considered the
best choice for dimensional verifications with low uncertainties.
Although, their traceability is not completely assured when measuring
freeform objects [3] and sampling strategies are crucial for determining
the accuracy and the efficiency of the measuring process [5-7]. Optical
3D scanning techniques and X-ray Computed Tomography (XCT) are
usually adopted for the measurement of freeform artefacts and their
performances have been analyzed considering different configurations
and conditions [8-12]. When a freeform shaped part is fabricated by AM
technologies, the measuring task is further complicated due to the
peculiar surface topography generated by the process, several times
more rough than conventional machining.

Tactile CMMs are not ideal for providing a reference measurement of
AM parts since they acquire a mechanically filtered surface [13] and
they are not able to catch small-detailed features [14], while non-
contact measurement techniques are able to acquire more surface de-
tails according to their resolution capabilities [14-16]. The surface
texture characterizing AM parts is known to affect the uncertainty of
measurements conducted with different measuring instruments, both
contact and non-contact, with systematic and random effects, which
need to be better understood and quantified [17].

Few works have been conducted on the influence of different surface
topographies on non-contact measuring methods: in [18] the offset
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between measurements conducted with a CMM and three non-contact
measuring instruments caused by surface roughness was investigated
and a significant correlation trend was detected. In [19] the influence of
surface roughness generated by a metal AM process was evaluated and
comparisons were made with respect to CMM measurements. In [20] the
surface roughness influence on turned cylinders measured by XCT was
evaluated. While in [21], an experimental study was conducted to
evaluate the influence of the surface roughness on XCT measurements by
using workpieces produced by AM and calibrated by tactile CMM. Sys-
tematic biases comparable with the roughness values were found to
affect measurements.

Among optical 3D scanning systems, laser-based, structured light
and  photogrammetry-based  scanners are  mainly  used
[4,8,10-12,22,23]. In [10] a structured light scanner and a
photogrammetry-based scanner were used for measuring complex
freeform additively manufactured parts and their performances were
evaluated considering a novel set of indicators describing surface
coverage, sampling density and measuring errors. In [22], measure-
ments of an additively manufactured test artefact realized by High Speed
Sintering (HSS) were conducted with CMM, XCT and photogrammetry.
Results from [10] and [22] confirmed the complexity of evaluating AM
parts mainly due to the surface roughness which, for certain high values,
can lead to highly different results according to the measuring principle
adopted. This makes as well difficult to compare different measuring
instruments and to state which is the most accurate and reliable for a
specific measuring task, since the reference measurement is not clearly
determined.

Recently, the possibility to evaluate surface texture parameters from
highly detailed meshes emerged [24,25] and it opened the possibility to
use non-contact measuring techniques, usually implemented for
dimensional and geometrical metrology, for surface quality assessment,
as long as the resolution is sufficient [26].

First of all, a form needs to be associated with the freeform surface
(called “shell™). Thus, surface quality parameters are computed as de-
viations associated with each point of the freeform surface. When a
general surface cannot be fitted with a primitive geometrical form, the
application of filtration algorithms becomes necessary to compute a
smooth version of the shell, which can be considered as a waviness
surface. Deviations are then calculated between the original freeform
surface and the smoothed shells obtained after the filtering process. This
latter can be achieved by using several filtration algorithms: a pseudo-
Gaussian filter, a Bilatéral filter and a mean curvature flow filter [27].
It is then possible to decompose the highly detailed mesh and separate
shortwave and longwave components according to different cut-off
values.

As high-resolution 3D scanning methodology allow, potentially, the
extraction of surface texture parameters, they are also significantly
affected by the same surface texture when used for dimensional and
geometrical metrology.

The aim of the present paper is to conduct an experimental investi-
gation on the influence of a typical AM surface texture on measurements
conducted with optical methods characterized by different measuring
principles and resolutions. With this aim, three measuring instruments
were considered: a photogrammetry-based system, a conoscopic ho-
lography laser scanner and a structured light scanner, usually adopted
for dimensional and geometrical metrology. The analysis was carried
out considering a free-form artefact, whose geometry is a down-scaled
customization of the standard artefact developed by the NPL Institute
[28]. The artefact was realized by using Material Extrusion Additive
Manufacturing (MEX) and, in order to have a reference for the mea-
surement analysis, it was also realized by micro-milling. The influence of
surface texture on the three considered measuring instruments was
analyzed by means of 3D comparisons, 2D sectional comparisons and
feature analysis. Metrological filters recently implemented for the sur-
face texture assessment starting from freeform meshes [2527] were also
applied to eliminate the short wavelengths and results were then re-
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Fig. 1. NPL CAD model and main feature.

Table 1
CAD dimensions of the NPL artefact adaptation with 18.75 mm of
characteristic distance.

Feature ID Nominal value [mm]
H1-H2 18.75

H2-H3 18.75

H3-H4 18.75

H4-H1 18.75

Sp5 10.622

Sp6 8.124

Sp7 2.499

Sp5-Sp6_distance 11.197

examined and discussed.
2. Materials and methods
2.1. Customized NPL artefact

Measuring a test artefact is one of the most used approaches for
evaluating the performance of measuring systems [29] and in this work,
a customized freeform artefact, which is the down-scaled version of the
original artefact developed by the NPL Institute (150x150x40 mm3) was
considered as test measuring object [28]. The artefact features both
concave and convex shapes and it was originally realized with highly
reflective material, 6082-T6 — Aluminium Dural, with the aim to identify
the weaknesses of optical-based system. In this work it was scaled with a
scale factor of 1:8 in order to cover the measuring volume suitable for
the reconstruction of sub-millimeters features. This way it was possible
to test optical scanners characterized by different resolutions and
working volumes. The modified version of the NPL artefact is reported in
Fig. 1. The main artefact dimensions are reported in Table 1.

The custom NPL artefact was then realized by MEX using a Zortrax
M200 and a proprietary material, grey Acrylonitrile butadiene styrene
(ABS), supplied as a spool of filament with 1.75 mm of diameter. The
same material (ABS) of the same color (grey) showed a low translucency
and the minimum subsurface scattering effect in a previous study [2].
The nozzle diameter was 0.4 mm and the layer thickness was kept to its
minimum value and it was set to 0.09 mm. The building orientation is
shown in Fig. 2 and the artefact was XZ oriented, meaning that the
freeform surface and its main feature were characterized by the layer-
wise surface texture. From now on, this artefact will be re-called as FFF-
NPL.

The micro-milled NPL, Fig. 3-a, was manufactured using a 5 AXIS
CNC machine Kugler MicroGantry® micro3/5X Laser with 60,000 rpm
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Fig. 3. Micro-milled NPL (a) micro-milled NPL after chemical etching (b).

of maximum spindle speed and a positioning accuracy of + 1 um along
the x axis and 0.5 pm along y and z axes. The machining was conducted
using three out of five axes and using a ball milling tool for the finishing
process with 1 mm of diameter and 0.5 mm of edge radius. The artefact
was realized with 6082-T6 Aluminum Dural, same material of the
standard artefact shown in [28]. It was subsequently etched with acid in
order to reduce the surface reflectance, see Fig. 3-b. From now on, this
artefact will be re-called as Al-NPL.

Surface texture of each realized artefact was measured by using an
optical profiler CCI-MP-HS Taylor Hobson based on interferometry
equipped with a 20x lens with a xy resolution of 0.1 pm and declared z
resolution of 0.1 A.

Profile roughness parameters were computed according to the ISO
21920-2:2021. The micro-milled NPL showed an Ra of 0.003 pm and an
Rz of 0.014 pm using a L-filter nesting index Nj. (cut-off Ac) of 0.25 mm,
while the FFF-NPL was characterized by Rz equal to 40.4 ym and an Ra
of 5.97 ym and in this case the L-filter nesting index Nj. was set to 2.5
mm. Due to the building direction, the FFF-NPL showed also a main
texture direction of approximately 89.9°.

2.2. Optical measuring instruments and methods

The artefacts shown in Section 2.1 were acquired by different optical
measuring instruments with different working principles and resolutions
and they are listed as follows:

e a laser-based sensor exploiting the conoscopic holography (CH)
principle, Optimet Conoscan 3000, with a 50 mm lens and an optical
resolution of 0.01 mm.

e a Photogrammetric Scanning System with Rotary Table (PSSRT)
already implemented and used for measurement in close and micro
range [2,12,30]. It is a motorized and controlled scanning system
with a great flexibility and working volumes ranging from a very
small volume 18x18x10 mm® to bigger ones, like approx-
imately150x150x40 mm°>. The working volume strictly depends on
the chosen optical configuration and, consequently, the resolution of
the system varies. In this work a Canon Eos 760D with a Canon EF 50
mm 1:1:8 II lens with an extension tube of 36 mm was used and a
ground resolution of 0.009 mm/pixel was achieved. Camera was
tilted at 45° allowing the reconstruction of both concave and convex
features. The rotary stage chosen was 5° and, consequently, 72 was
the number of acquired images. The image processing step was
conducted with Agisoft Metashape. The scale factor was computed
through the distance between coded targets placed around the
object.

e a commercial Structured Light Scanner (SLS), ATOS Q 8 M supplied
by ZEISS GOM Metrology, with a working area of 100 x 70 mm? and
a declared resolution of 0.04 mm (from manufacturer specification).

A tactile CMM, DeMeet 400 (MPE X/Y/Z = 3.97 pm), with a ruby
touch probe of 2 mm of diameter, was also used for the feature
measurements.

All measurements were carried out in a temperature-controlled
environment at 20 + 0.5° C. The analysis of the scanners outputs was
conducted with the GOM inspect software for both 3D and 2D section
comparisons and for the feature analysis.

The Least Square Method (LSM) was used for the features fitting.
Both bidirectional (sphere diameters) and unidirectional (distances be-
tween spheres) lengths were investigated. When measuring additively
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Fig. 4. 3D comparisons between 3D models of FFF-NPL in (a) PSSRT-SLS, (b) CH-SLS, (c) PSSRT-CH and of the AI-NPL in (d) PSSRT-SLS, (e) CH-SLS and (f)

PSSRT-CH.

manufactured parts, the peculiar texture and the staircase effect highly
affect the uncertainty of measurement. Thus, some parameters
describing the quality of the fitting process were considered, such as the
residual and the maximum absolute deviation (max dev) describing how
the ideal geometry fitted the used points [31]. The first is defined as the
absolute average distance computed between each point of the
measured surface and the corresponding one on the fitted geometry. The
max dev is defined as the maximum absolute deviation registered be-
tween the considered points and the fitted geometry.

3. Results and discussion
3.1. Initial data analysis

At first, 3D models of the FFF-NPL and the Al-NPL obtained with CH,
PSSRT and SLS were compared, in pairs, and colored maps of deviations
are reported for the FFF-NPL in Fig. 4-a, Fig. 4-b, Fig. 4-c and for the Al-
NPL in Fig. 4-d, Fig. 4-e, Fig. 4-f.

As a general comment, differences between measuring instruments
appeared more pronounced when considering the FFF-NPL artefact with
respect to the AI-NPL with deviations mostly comprised within + 0.01
mm, while the artefact fabricated by micro-milling registered deviations
mostly comprised within + 0.005 mm (Sp7 was still critical to measure
with the CH and SLS and it was the reason for the high deviations
registered in that area). Keeping fixed the artefact and considering each
pair of compared instruments, higher deviations were registered when
instruments with different resolutions are compared. Thus, differences
between PSSRT and SLS and between CH and SLS were higher than the
ones registered between PSSRT and CH, characterized by similar reso-
lutions. It is worth noting how for the FFF-NPL, deviations are mostly
distributed as vertical stripes retracing the staircase effect due to the
MEX fabrication process.

A 2D section analysis was also conducted considering a XZ section
extracted on the planar surface, see Fig. 5-a. Diagrams of deviations

associated with the FFF-NPL and the Al-NPL are then resported in Fig. 5-
b and Fig. 5-c, respectively, considering the comparisons of measuring
instruments, in pairs. On the y axis the deviation value in mm is re-
ported, while on the x axis the section length in mm. This representation
allowed to easily compare the observed deviations with respect to the
primary profile evaluated on the considered surface. As it is possible to
observe, values are mostly comprised between + 0.010 mm and +
0.015 mm for the FFF-NPL, which is a range comparable with the pri-
mary profile evaluated with the optical profilometer. The same evalu-
ation was conducted considering the comparison between measuring
instruments on the Al-NPL. In this case, diagrams of deviations showed a
range comprised between + 0.005 mm for all pairs of measuring in-
struments involved, showing good agreement between the optical
measurements. Moreover, this range of deviations is on the same order
of magnitude of the measuring accuracy of the involved instruments.
Thus, if the AI-NPL is considered as reference artefact, thanks to its high
manufacturing accuracy, sub-micrometer surface roughness and its non-
reflective surface, the higher deviations between measuring instruments
registered for FFF-NPL are mainly attributable to the surface texture
influence.

To enhance this concept, a more detailed feature analysis was con-
ducted for each artefact and each measuring instrument involved. Both
bidirectional (sphere diameters) and unidirectional (distances between
spheres) lengths were investigated, and measurements evaluated on the
AI-NPL and on the FFF-NPL are reported in Fig. 6. Each measurement
result was the average of 5 repetitions. Standard deviations coming from
five repetitions are reported as error bars. As it is possible to observe,
feature diameters and distances measured with different instruments
were quite similar and comprised in a range (MAX-MIN) of 0.004 mm for
the Sph5, 0.003 mm for the Sph6 and 0.005 mm for the Sph5-Sph6
distance. Comparing the obtained results from the optical measuring
instruments with the CMM, registered deviations were approximately on
the order of 0.005 mm. The Sph7 was not included in the analysis due to
the high reflections observed while using the SLS and the CH.
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Fig. 5. 2D section analysis deviations diagrams evaluated along the XZ section (a). In (b) data retrieved on the FFF-NPL and in (c) data retrieved on the Al-NPL.

When considering the FFF-NPL, results coming from different
measuring instruments varied within a wider range: 0.09 mm for the
Sph5, 0.05 mm the range for Sph6 and 0.06 mm the range for Sph5-Sph6
distance, showing that different resolutions led to different measuring
results when dealing with highly rough surfaces. Comparing the ob-
tained results with the tactile CMM, the registered deviations were
higher than the ones registered for the AI-NPL. In this case, considering a
bias between CMM and optical methods comparable to the bias between
CMM and XCT found in [21], the values of the diameters corrected for
that bias (CMM +/- Rz/2) was more similar to the SLS measured value.

Apart from the mere dimensional assessment and comparison, other
significant outputs, likely affected by the surface texture, were consid-
ered: the residual and max deviation.

These parameters were computed for each feature and each
measuring instrument involved. Results are reported in Fig. 7 as average
values of the measurements carried out on the Sph5 and Sph6.

As it is possible to observe from Fig. 7, the residual was below 0.005
mm for the Al-NPL, while it was higher than 0.01 mm for the artefact
realized by MEX. The max deviation was on the order of 0.01 mm for the
Al-NPL and on the order of 0.045 mm for the FFF-NPL.

Results from the 3D and 2D comparisons and from feature analysis
showed an increase of the differences between the three investigated
optical measuring methods, in terms of dimensional deviations and of
the feature fitting quality, when increasing the surface roughness.

3.2. Application of metrological filters to highly detailed meshes

In order to corroborate the obtained results, the high-resolution 3D
models obtained with CH and PSSRT were low-pass filtered by using

proper Gaussian filters and setting different cut-offs (Ac). As already
explained in the Section 1, surface analysis softwares recently added to
their functionalities the possibility to evaluate the surface topography of
free-form shaped parts by using high-resolution meshes obtained from
non-contact measuring instruments [24,25]. Being this novel feature
able to extract the surface topography, surface filtering algorithms are
necessary in order to separate the waviness surface characterized by
long wave components from the short wavelengths. Surface texture
parameters can be then calculated as deviations between the original
freeform surface and the smoothed shells obtained after the filtering
process [27]. In this case, metrological filters were not used for surface
topography evaluation, and they were applied to the high-resolution 3D
meshes in order to remove the small-scaled components, short wave-
lengths, according to different low-pass filtering cut-off values. The
remaining shape, (characterized by long wave components) see Fig. 8,
was then re-examined for each condition considering 3D models com-
parisons, 2D sections and feature analysis.

The minimum low-pass filtering cut-off was chosen according to the
layer height of the FFF-NPL (set to 0.09 mm), while the maximum value,
equal to 0.6 mm, was the maximum allowed to prevent undesired
modification of the artefact shape due to its smallest detail dimension. In
Fig. 9 an example of the application of a Gaussian filter (ISO 16610-21)
to the primary profile of the FFF-NPL is reported with the minimum
(0.09 mm) and the maximum (0.6 mm) cut-off value set.

At first, differences between the unfiltered and filtered meshes for
both PSSRT and CH were evaluated in order to estimate the effect of a
low-pass filter on the original and unfiltered data.

Results are reported in terms of 3D comparison and feature analysis
with indication of the diameter of spheres, and XYZ coordinate of their
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Fig. 7. Residual and maximum deviation evaluated on the AI-NPL and the FFF-NPL.

centers.

3D comparisons, shown in Fig. 10, highlighted a slight effect of the
filtering when the 0.09 and 0.12 mm cut-off filters are used. This effect
was more marked on the PSSRT mesh rather than the CH. It could be due
to the presence of shorter wavelengths on the PSSRT meshes. Anyway,
the highest differences were registered when the 0.3 and the 0.6 mm
filters were applied. The most affected parts correspond to the smaller

details and connections between each feature and the elliptical surface
and between the elliptical surface and the planar surface as they were
characterized by a small radius. By analyzing the output of the 0.6 mm
filtered mesh it is possible to observe that most of the highlighted de-
viations are distributed as vertical stripes corresponding to the charac-
teristic MEX typical texture.

In order to better quantify the bias due to the filtering process, in
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Fig. 8. Examples of filtering applied on FFF-NPL acquired by the PSSRT. (a) no filter, (b) A = 0.09 mm, (c¢) A = 0.12 mm, (d) A = 0.3 mm, (e) A = 0.6 mm.
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Fig. 15. Profile of the PSSRT FFF-NPL filtered with cut-off 0.09 mm and 0.6 mm and overlap with the SLS profile.

Fig. 11 the feature analysis was conducted considering the PSSRT as
representative case. By analyzing each feature, it is possible to observe a
general decreasing of the feature diameter and this effect was more
marked for the smaller spheres, such as the Sph6 and Sph7 with values
comprised between 0.05 and 0.1 mm. This difference was accompanied
by a modification of the xyz center coordinates. Regarding the Sph5 the
most affected coordinate was the z. Considering the Sphé both z and y,
and finally the Sph7 mostly the z. This is mainly due to the orientation of
each feature.

Filtered PSSRT and CH meshes were then compared with the mesh
obtained with the SLS. It is possible to observe from Fig. 12 that, by
increasing the cut-off filter value, areas characterized by deviations
comprised between + 0.005 mm were more widespread. On the other
hand, deviations corresponding to surface connections, characterized by
small radii, remained unchanged or increased their deviations.

Histograms coming from the 3D comparisons are reported in Fig. 13
and when increasing the cut-off filtering value, the registered deviations
were mostly comprised between + 0.005 mm, getting closer to the re-
sults obtained from the AI-NPL artefact.

2D sections were also extracted from the unfiltered and filtered
meshes (A = 0.6 mm). Colored map and annotations of deviations are
visible in Fig. 14. Deviations registered on the filtered meshes were
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mostly comprised within + 0.005 mm and thus comparable with de-
viations observed on the Al-NPL. In particular, deviations were generally
lower when larger curvatures were considered, while still higher de-
viations were registered in correspondence of small details and surface
connections.

To better understand the comparison between filtered and unfiltered
data, a part of the section number 1 (Fig. 14) was taken into account, in
particular the one related to the Sphere 6. Thus, the SLS profile, the
unfiltered PSSRT and the filtered PSSRT (with both cut-off 0.09 mm and
0.6 mm), selected as representative case, were superimposed. As it is
possible to observe on Fig. 15, differences between the unfiltered PSSRT
profile and the SLS are mostly related to the AM texture pattern, while
considering the filtered profile, the one characterized by 0.6 mm of cut-
off showed a good overlap with the SLS profile.

Finally, the feature analysis was carried out and the dimensions
evaluated on the filtered models showed more consistent values with a
general reduction of differences registered among the investigated in-
struments PSSRT, CH and SLS. To evaluate the closeness of agreement
between the conducted measurements, the standard deviation of the
average values obtained with PSSRT, CH and SLS was considered, see
Fig. 16.

As it is possible to observe, a reduction of the standard deviation was
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Fig. 17. Residual and Max deviation variation with respect to the filter applied.

registered for Sphere 5 and 6 when considering 0.3 and 0.6 mm of cut-off
filters. Different was the behavior of the Sphere 7. In this case, differ-
ences between measured values increased as the cut-off increases. The
sphere position on the artefact and its orientation makes it difficult to
achieve reliable measurements. In this case, filtering the surfaces
accentuated the registered deviations.

Distances between spheres remained quite stable, except for the
distance between Sphere 5 and Sphere 6 for which results tended to
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converge more when increasing the cut-off filter.

Considering the quality of the fitted geometry, see Fig. 17, the re-
sidual and the max deviation registered a decrease when increasing the
filtering cut-off, as well. Registered values were closer to the Al-NPL
values. They cannot completely converge due to higher form errors
coming from the MEX manufacturing process, less accurate than micro-
milling.

The application of metrological filters allowed to mitigate the effect
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of the surface texture and, in some cases, to increase the closeness of
agreement between the obtained measurement results getting closer to
the range of deviations achieved with the micro-milled NPL, considered
as reference. The proposed approach worked well when considering
larger curvature and planar surfaces, while it showed some criticalities
when applied for small features and mostly vertical sides.

Freeform mesh filtering is a novel feature, and it could be useful,
among other things, to understand the behavior of different measuring
methods characterized, as reported in this paper, by different
resolutions.

It remains still difficult to choose among different measuring
methods and establish which one is the most reliable and accurate when
AM parts are considered and it is further complicated by the fact that
measuring techniques characterized by different resolutions lead to
different results. In this context, it is worth mentioning that when
comparing measurements carried out with different instruments on the
same physical measurand, a portion of the observed discrepancies may
be due to material optical properties, in addition to surface texture.

Further works are needed for appropriately selecting the measuring
instrument according to the measuring task. With this purpose, the
Stedman diagram [32,33] could be a very useful tool to determine the
working capabilities of the currently available measuring methods
suitable for AM parts and it will be considered in future works.

4. Conclusions

In this paper, an experimental investigation on the influence of the
typical AM surface texture on optical measurements was conducted.
Three measuring instruments, characterized by different resolutions and
working principles, were considered. The analysis was carried out on a
free-form artefact, whose geometry is a customization of a calibration
artefact developed by the NPL Institute. The artefact was realized by
using MEX. It was also realized with Aluminum by using micro-milling
with high machining accuracy and sub-micrometer roughness in order
to get reference data.

From the conducted analyses, it was possible to retrieve the
following key conclusions:

e When comparing the three instruments on the Al-NPL deviations
were mostly comprised within + 0.005 mm, regardless the in-
strument’s resolution and this value is on the same order of magni-
tude of the estimated measuring instruments accuracy.

The same instruments registered higher deviations when used for the
FFF-NPL assessment, with deviations mostly comprised within +
0.01 mm when considering comparable optical resolutions and +
0.015 mm with different optical resolutions, highlighting the influ-
ence of the surface texture and its significant effect.

A more detailed feature analysis showed quite convergent mea-
surement results for the AI-NPL and higher differences when
considering the same instruments and the FFF-NPL. Feature fitting
was indeed greatly influenced by the surface texture as demonstrated
by the evaluation of the residual and the maximum absolute deviation,
describing the quality of the fitting process.

From the analysis of the filtered meshes, it was possible to observe
how filtering the freeform surface with an increasing cut-off
decreased the differences between the measuring instruments
involved, achieving more convergent results, within a range of de-
viations very close to the reference value obtained on the Al-NPL.

This work should be seen as a preliminary investigation on the in-
fluence of AM surface texture on optical methods characterized by
different resolutions and future works will be conducted to improve the
knowledge about this topic. Moreover, at least two future developments
can be drawn:
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e The use of metrological filters for high-resolution meshes could be a
way to overcome the criticalities arising when measuring AM feature
dimensions thanks to the removal of the shorter wavelengths,
possibly reaching the “reference” data not always achievable with
highly accurate tactile CMMs. They can be also implemented for the
uncertainty assessment usually overestimated when considering
optical methods and additively manufactured parts.

The use of high-resolution optical methods for dimensional analysis
as well as for surface topography evaluation of AM components
starting from the same acquired data.
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