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ABSTRACT

The aim of the research was to show the feasibility of using a modern, hybrid method of analysis, filtering to detect
defects created on samples with a cylindrical shape manufactured by the selected additive technology. The studies
focus on diagnostics, assessments of roundness profiles with the modern filtering technique, which employs both
wavelet and Fourier transformations. The hybrid combination of two algorithms potentially allows for enhanced,
in-depth diagnostics and the identification of the key morphological characteristics that could potentially influence
the functional properties of the completed product. An evaluation covered the variability of the irregularities in
roundness profiles, taking into account not only the height at which the profile was measured but also the 3D print-
ing angle (orientation). The study showed the importance of verifying the distribution of irregularities across the
entire surface of the components, given the substantial disparity in the data in each signal, whereas the employed
algorithm further facilitated the accentuation of distinct characteristics of the roundness profiles. The conducted
analysis permits carrying out a thorough diagnosis and assessment of the profiles, highlighting the disparity in the
character of the roundness profiles as a function of the powder bed fusion (PBF) technology parameters (printing
direction) and measurement (location of the profile across the height), which allowed finding functional relation-
ships. The advantage of using the hybrid method in comparison with the classical evaluation method using only
Fourier transforms was demonstrated. Therefore, the results presented in the article have the potential for practi-
cal use in both the research area and industrial applications and can be supplementary to ASTM/ISO 52901 and
ASTM/ISO 52902.
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INTRODUCTION presented in the ISO/ASTM 52900 standard (1):

Powder Bed Fusion and Directed Energy Deposi-

3D printing technologies have been known
since the 1980s of the 20th Century due to the ad-
vancement in 3D printing technologies, it is now
not only possible to create not only prototypes,
but also fully functional models with a number of
practical uses. The medical and automotive indus-
tries are particularly noteworthy in this context. In
the case of the medical industry, metal 3D printing
primarily include technologies from two groups

tion. In both cases, we have at our disposal mate-
rials based on titanium powder, such as Ti6Al4V,
which has proven effective in the creation of fully
operational implants for patients. The findings of
the depicted studies may be applicable in the en-
gineering field, given that the majority of implants
do not necessitate finishing treatments, in order
to maintain a desired level of porosity. In these
technological applications, the crucial element
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involves choosing an appropriate printing strate-
gy including numerous technological parameters
such as the printing direction (2, 3), laser power
and speed (4), diameter of the beam, layer thick-
ness (5), and the protective atmosphere. Hence, in
the presented publication, an examination is con-
ducted on one of the fundamental technological
parameters that could potentially affect form error,
namely, the roundness deviation.

In the article (6), an instance of use 3D print-
ing technology for the creation of bone implants
in patients afflicted with primary bone tumors is
illustrated. An analysis was conducted on four-
teen patients who had received personalised im-
plants, printed using 3D printing technology. The
analysis of research outcomes and complications
from the period of 2015 to 2019 mandated the ex-
traction of the implant in a solitary instance.

In a following study (7), a model of samples
also manufactured from titanium-based Ti6A14V
powder was analysed, with an evaluation on the
influence of surface porosity on the adhesive pro-
liferation of living tissues of the 3T3 Swiss albino
mouse. Simultaneously, in certain instances, the
process of 3D printing was enhanced by the sup-
plementary application of electrospinning tech-
nology, consequently manufacturing a composite
material. Titanium-based samples with increased
porosity demonstrated significant cellular adhe-
sion and proliferation. Concurrently, it has been
demonstrated that specific interventions, like the
supplementary incorporation of nano-matt, can
enhance the formation of intricate geometric at-
tributes, which pose challenges in design, digi-
tal manipulation in 3D printing, production, and
measurement due to the exceptionally delicate
character of the disparities stretching to several
tens of micrometres. When it comes to fabricating
medical implants through the use of 3D printing
technology, the evaluation of their precision via
the measurement of geometric discrepancies war-
rants distinct consideration.

The performance of the final mechanism
is significantly influenced by the appropriate
surface geometry of components, particularly
those fabricated using 3D printing technology (8).
A considerable number of studies connected to
3D printing focus on assessing the impact of 3D
printing’s technological parameters solely on the
dimensional accuracy of the manufactured parts,
while overlooking the practicality of the resultant
models (9). In numerous instances, this method
proves insufficient, given that sole reliance on
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dimensional evaluation does not yield informa-
tion about the form error of the component be-
ing examined. This is especially relevant for cy-
lindrical shaped elements which execute rotary
or sliding movements, or that constitute parts of
flexible connections (10) as well as pipe joints
(11). Subsequently, the examination of roundness
deviation is required, which, as defined by ISO
12181-1:2011, is the minimum distance from a
point on a roundness profile to the reference cir-
cle, and the measurement process can be carried
out on various types of instruments even with an
incomplete round profile (12).

In the study (13) the roundness tolerance of
cylindrical components, fabricated through FDM
(also known as FFF and MEX) printing technolo-
gy with the use of PLA (polylactic acid) material,
was assessed. In their studies, the scholars have
demonstrated that the first layer of printing pro-
cess is crucial when assessing the manufacturing
tolerance of cylindrical components. It is impor-
tant to note that in the production of components
using FDM (fused deposition modeling) technol-
ogy, the start and end of the layer coincide when
the printer nozzle completes a full rotation, caus-
ing a material accumulation and the creation of a
phenomenon known as a ‘seam’. This substantial-
ly influences the augmentation of the roundness
deviation value. Research has demonstrated that
altering the temperature of printing or the print-
ing speed the initial layers could potentially aid in
the reduction of these types of shape deviations.
The article presents intriguing studies on the top-
ic of progressive hydrogel production (14). The
evidence suggests that the formation of channel
networks with high roundness is a consequence of
the high roundness values in the fibres of the PVA
filament. This is a disadvantageous occurrence as
improperly configured channel networks limit the
delivery of oxygen and nutrients to cells, thereby
inhibiting their growth. The article discusses the
research on dimensional accuracy and form errors
of FFF (fused filament fabrication) printed spur
gears using PLA and Nylon (15). Research has
demonstrated that the roundness deviation in spur
gears fabricated from nylon is significantly less
than that of identical gears made from PLA. In the
study (16), it is demonstrated that the predominant
influence on the value and character of roundness
and waviness deviation in cylindrical specimens
within PJM (PolyJet Matrix) technology is the di-
rection of printing. The vertical orientation of the
samples (Pd =90°) (printing direction) yielded the
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minimum values for deviations in both roundness
and waviness. In the study (17) the sphericity of
each grain of Ti6Al4V metal powders applied in
SLM (selective laser melting) technology was ex-
amined. The topic of the article (18) pertains to
the examination of the impact of technological
parameters of SLM technology on the precision
of holes. It has been demonstrated, among other
findings, that the deviation in roundness escalates
along with the augmentation of laser power. The
article (19) provides a comprehensive compar-
ative analysis of two the most common additive
technologies, namely FDM and PJM. An assess-
ment was carried out on the dimensional accuracy,
form error, surface texture, and tolerance grades
of the specimens fabricated using the specified 3D
printing technologies. It has been demonstrated
that PJM technology enables the production of
samples exhibiting deviations in forms (round-
ness, cylindricity). This article presents (20) a
thorough review of the techniques for evaluating
the surface quality of components fabricated using
additive technologies.

The rapidly expanding sectors employing
additive technologies, the unique manufacturing
characteristics associated with 3D printing, the
technical constraints of such technologies, and
several factors directly influencing the quality of
manufactured components, and thereby their sur-
faces, could potentially lead to the development
of extra morphological features or other anoma-
lies, defects. These could impact the properties
of the components, both positively, as in the sit-
uation of implant production where appropriate
porosity is crucial, and negatively, where addi-
tional post-processing steps might be necessary
for certain surfaces. The complexity of surfaces
has necessitated that traditional analyses based in
roughness or waviness frequently require to de-
velop the novel algorithms to capture surface com-
plexity (21, 22). Now widely used in roundness
evaluation is Fourier transform (23, 24) however
the developed multiscale approach which a com-
prehensive evaluation of irregularities are more
and more often use in filtration process. An ex-
ample of a multiscale method which permits such
an evaluation is the wavelet transformation. The
method developed over the last forty years allows
for the assessment of irregularities in relation to
scale and the multiplicity of mother wavelets with
characteristic properties enables the detection of
other key aspects in the signal (25), and influences
the results of the analysis (26). Increasingly more

often applied in various fields of science and tech-
nology (27-29) as well as in surface metrology
(30-32) wavelet transformation allows for the de-
tection of profile differences that often cannot be
recorded by conducting analysis with other meth-
ods. Consequently, the wavelet transformation
can be effectively employed as an supplement to
other methods (33, 34). Undertaking the analysis
through a discrete methodology results in the re-
moval of high-frequency elements (detail signal)
and low-frequency elements (approximated sig-
nal) at respective levels of decomposition. This
permits the assessment of disparity distributions
within distinct frequency bands, at a particular
scale. The authors’ research, both simulated and
conducted on actual objects (35) has verified the
effectiveness of the proposed approach that com-
bines both the wavelet and Fourier transforma-
tions. Hence, it was deemed that the assessment
of the roundness profiles of parts produced by
contemporary non-traditional additive technolo-
gies might be vital for evaluating the quality of
the produced parts. An analysis of the current lit-
erature indicates that akin studies have not been
conducted and the presented research bridges a
void regarding the thorough evaluation of surface
topography of elements manufactured through
3D printing. In addition, the presented research
results can provide guidelines for further stand-
ardization of 3D printing. Currently, the ASTM/
ISO 52901 standard establishes the necessity of
specifying the method of irregularities measuring
between the purchaser and the 3D model manu-
facturer, which, in the case of roundness profiles,
should also be taken into account with special
emphasis on specifying the measurement meth-
od and analysing the test results. Therefore, the
results presented in the article have the potential
for practical use in both the research area and in-
dustrial applications.

METHODS AND MATERIALS

Manufacturing of specimens

The experimental specimens were fabricated
using powder bed fusion (PBF) additive manu-
facturing technique. The specimens were fabri-
cated from a titanium powder material, TI6AI4V,
(provided by EOS GmbH, Krailling, Germany),
using the 3D printer model EOS M290. The spec-
imens were fabricated applying the following
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technological parameters: Inskin laser’s power —
340 W, a laser spot size — 100 pm, a laser speed
— 1250 mm/s, a hatch distance — 0.12 mm, and
a layer thickness — 60 um. The temperature of
the operational platform was maintained at 35 °C.
Additionally, the 3D printing process took place
in an atmosphere of inert gas — argon, and post-
production, the samples underwent thermal treat-
ment (for the purpose of internal stress reduction)
at a temperature of 800 °C. The positioning of the
samples on the platform is depicted in Figure 1
(overview view without rotor blade positioning).

Measurement of the roundness profile

In order to carry out a hybrid evaluation of
the roundness profile of elements fabricated via
PBF additive technology, a significant quantity
of measurement data is required, thus the spe-
cialised Talyrond 365 measurement system from
Taylor Hobson was employed. This is a high-pre-
cision measuring device, particularly used for
executing precise measurements in the bearing
industry (36). It employs the principle of radial
change method with rotary table, which enables
the evaluation of elements not exceeding a weight
of 50 kg. The highest allowable error for both
radial and axial spindle is set at +/-(0.02 pm +
0.0003 pm/mm). The measurements of roundness
profile were carried out using a contact induction
probe with a 2.2 mm measurement range. Con-
versely, the radial accuracy stands at < 0.02 pm,
applicable for a measurement range of 0.08 mm.
The devise facilitates automatic alignment and
calibration of the component under measurement.

To minimalize the influence of human error,
automatic roundness profile measurements were
executed on five sections of each specimen pro-
duced through PBF technology. The separation be-
tween individual sections was 5 mm. The interval

for the sampling procedure was set at 0.1°. In each
profile, a total of 3,600 data points were collected.
The roundness profiles of test specimens are ex-
emplified by the measurements shown in Figure 2.

RESULTS

The research aimed to assess the round-
ness profiles of components produced additively,
based on the build angle and the height at which
the profile was measured. The executed harmonic
analysis revealed that the spectrum, formulated for
each individual roundness profile of the measured
samples, enables the identification of differences
amongst them. The data on the predominant har-
monics for each profile, which varied by angle,
can be recorded as depicted in Figure 3. Owing to
the printing direction, dominance was observed in
ovality, triangularity, or quadrangularity. The oc-
currence of this phenomenon can be explicitly as-
sociated with the impact of the printing direction,
support material parameters, and primarily, the
method of support removal. It is worth mentioning
that insufficient flatness of the base surface during
the measurement can lead to excessive ovality.

Nonetheless, substantial amplitude values
were not registered for the higher-order harmon-
ics tasked with the high-frequency data. There-
fore, it is crucial to rigorously evaluate such ir-
regularities, as they potentially have an impact on
the endurance or dependability of the component/
device. In this regard, a fundamental element of
thorough evaluation and diagnosis is the exami-
nation of surface irregularities distribution with
respect to scale. Prior research has indicated that
the exclusive application of the Fourier transform
fails to identify significant components (35), and
distinct profile characteristics may merely distort
the spectrum (23). Thus, it was deemed suitable to
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Figure 1. Isometric view of tested samples on the virtual 3D printer platform
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Figure 2. Assessment of roundness profile

conduct the analysis employing a hybrid method
that merges wavelet and Fourier transformations.
With the objective in mind, various waveforms
were selected, each possessing characteristic prop-
erties, especially considering the support width, a
critical parameter of the mother wavelets.

In examining the spectra established at vari-
ous decomposition levels, corresponding to
high-frequency changes in surface irregularities
(Figure 4, commencing from the left from the
initial level of decomposition), it can be discern
modifications in both the measurement height of
the profile and the perspective of the 3D printing

angle. Nevertheless, the intensity of these chang-
es varies, contingent upon the evaluated scale
and the decomposition level. The obtained data
of the spectrum infers that there is a reduction
in amplitude values at different decomposition
levels as the printing angle increase (Figure 4).
The specific coefficients are ascertained by the
wavelet coefficients that are generated during the
examination, responsible for the high-frequency
information. It can be stated that with the angle
increases, the irregularities in the roundness pro-
file proportionately smaller and are dispersed in
an arbitrary, non-stationary way. In this context,
it is noteworthy that for the profiles that yielded
lower amplitude values at various levels depend-
ing on the printing angle, the dominant harmonic
values derived from conducting Fourier analy-
sis on the measured roundness profile (Figure
3) were comparatively larger relative to the 0°
printing angle at which the wavelet coefficients
for high-frequency data assumed greater values.
Moreover, a heightened spectrum value differen-
tiation was observed for this angle (0°), relative
to the altitude at which the profile’s measure-
ment was conducted. The research indicated that
the profiles measured at the foundation exhibited
higher amplitude values at the preliminary levels
of examination. However, these amplitude values
became more akin as the decomposition process
progress. This may be due to an error resulting
from the specifics of the technological process
where deformation may occur due to melting of
the material, from the interaction of more layers
on the lower sections of the sample and further
finishing processes. Analogous findings can be
drawn for the 45° printing direction. The trend
of wavelet coefficient distributions at individual
levels of analysis for this angle is similar to that
of a sample built at 0°. Analysis of the values of
the coefficients showed a strong correlation at the
various levels of decomposition, nevertheless, a
significant influence can be noted, on the values
of the coefficients, of the technological limita-
tions of the manufacturing process, including the
influence of the layered nature of the model, as
observed in the results of the analysis. The cir-
cumstances contrast for samples created 90° an-
gles, where the influence of the altitude at which
the profile was measured was non-existent, where
all the profiles were aligned perpendicular to the
building platform. Studies have indicated that
for such profiles, the coefficients undergo ran-
dom alterations that preclude the identification
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Figure 3. Spectral density of amplitude: a) 0°, b) 45°, ¢) 90°

of functional correlations, in terms of diagnostics
of the manufacturing process. In this case, an im-
portant role play post processing which for addi-
tively manufactured parts in this technology is an
necessary operation to perform. Removal of sup-
port material can interfere with the quality of the
surface texture, as shown in Figure 4c. Evaluation
of the irregularity distributions as a function of
the height of the sample showed random variation
in values, which may indicate that this is indeed
problematic and affects the quality of the manu-
factured parts. Additionally, the potential ran-
domness of irregularities changes primarily only
occurs up to the fourth level of decomposition.
This level ascertains data concerning relatively

270

minor modifications, for later phases the ampli-
tude values progressively increase.

Upon further analysis of the mother wavelet
form’s impact (Figure 4a, Figure 5), it is observ-
able that nearly similar components of round-
ness profiles were systematically filtered as the
decomposition process progress. Discrepancies
in the spectra exist at various analysis levels, yet
the essence of the spectrum remains similar. The
sole distinctive level of analysis where notewor-
thy disparities in the mother wavelet function are
observed refer to the fourth level. Subject to the
shape of the wavelet, substantial elimination of
high-frequency components may be observed at
this levels, whereby for wavelets with a shorter
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support, the high-frequency components are em-
phasis for individual harmonics at an different
levels. The values of the obtained coefficients
also appear to be characteristic, due to the proper-
ties of the filters. For wavelets of higher orders,
harmonic values reach lower values at particular
levels of analysis. It can be concluded that this is
due to the characteristics of the mother wavelets,
which directly affects the results, nevertheless,
statistical analysis of the obtained values, for the
evaluating wavelets, showed no influence of the
type of wavelet. The analysis carried out showed
the validity of the hybrid approach and its effec-
tiveness in the aspect of surface diagnostics, but
the influence of the form of the wavelet made it
possible to highlight significant differences in the
spectra with respect to their character.

DISCUSSION

There is no universally applicable approach
to catch the complexity of surface topography
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irregularities and identify any defects in the pro-
duction process. Thus, the emphasis of this re-
search was on discovering alternative methods
that could enhance the analysis of measurement
data, specifically in relation to the diagnostic
assessment of the manufacturing process. An
assessment of roundness profile using both the
traditional Fourier transform and the increasing-
ly prevalent multiscale approach can enhance
our comprehension of the processes involved
in the production of finalised models, especial-
ly regarding the rapidly advancing field of ad-
ditive technologies. Understanding how and to
what extent the production process and individ-
ual technological parameters affect the material
and the final model necessitates the search for
comprehensive solutions, new algorithms for di-
agnostic evaluation (34, 35), even though classic
algorithms are still widely used (37, 38) and sur-
face description measures (39, 40). Additively
produced components, especially those derived
from the melting of metal powders, exhibit addi-
tional morphological characteristics attributable
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to the technological process parameters and may
require additional finishing operations. It is es-
sential to accurately capture, diagnose, and eval-
uate these characteristics in relation to the de-
fined quality standards (30, 41). The study thus
endeavours to appraise distinct roundness pro-
file in relation to both the printing direction and
the altitude at which it was measured, with the
aim of investigate potential errors in the manu-
facturing process.

The presence of discrepancies in a specif-
ic angle value potentially facilitates the detec-
tion of manufacturing process errors, notably
in components that are comparatively height or
thin-walled and positioned perpendicular to the
building platform. This can potentially lead to
the establishment of guidelines instrumental in
ensuring product quality. The hybrid approach
emphasises the disparities in the spectra at dif-
ferent levels for the evaluated profiles, allows to
find functional relations with respect to process
parameters. Applying solely Fourier analysis
reveals the differences, however, it does not al-
low a complex evaluation, pointing out specific
features that are frequently inproperly filtered,
leading to a distorted spectrum. Especially in
regard to the evaluation of high-frequency data,
a process which, during the analysis of actual,
non-stationary signals, becomes challenging
due to the inability of visual spectrum assess-
ment to detect variances. Thus, it is important
to implement new methods that allow in-depth
evaluation of irregularities. And as a conse-
quence, it will contribute to the development of
guidelines that can be supplementary to ASTM/
ISO 52901. Therefore, it can be stated that the
results presented in the article have the potential
for practical use in both the research area and
industrial applications.

The investigation also possesses certain
limitations which are anticipated to be expand-
ed upon in the future, particularly considering
the potential to manufacture thin-walled ele-
ments and the evaluation of possible distortions
or process errors that impact the final product.
Moreover, evaluation the profiles immediate-
ly at the base and atop the component, that is,
the region of the initial and final layers during
manufacturing, will enable an assessment of the
potential existence of errors, leakages, material
flow, and other flaws in the production process.
It is imperative to continue investigations in this
particular field.
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CONCLUSIONS

This study assesses the potential application
of an advanced hybrid algorithm for the assess-
ment of roundness profiles of components pro-
duced additively. The approach to implementing
the algorithm was based on executing Fourier
analysis on the detail signals derived from the
wavelet decomposition. The examination of the
aforementioned results has culminated in the en-
suing conclusions:

1. The roundness profile in components manu-
factured using the additive PBF technology,
derived from titanium powder-based powder -
Ti6Al4V, demonstrates a significant degree of
variability. Upon performing, the Fourier anal-
ysis reveals dominant harmonics, their varia-
tions subject to the printing direction; however,
harmonics of higher orders have not shown
significant amplitude values.

2. The study, applying the wavelet transformation
algorithm, revealed that with the increasing of
the printing direction, there is a recording of
smaller amplitude values at each level of de-
composition, the irregularities in the roundness
profile are equivalently reduced and dispersed
in a stochastic, non-stationary way.

3. At the 0° printing direction, the lowest amplitude
values were observed for the predominant har-
monics, but at specific decomposition levels for
this positioning, a significant amount of high-fre-
quency data was filtered out, with the amplitude
values increasing for chosen mother wavelets.

4. At a 0° printing direction, there was a notice-
able increase in the diversification of spectral
values, as a function on the height at which the
profile was measured. The research indicated
that the profiles assessed at the foundation ex-
hibited heightened amplitude values at the pre-
liminary levels of examination, with this data
being filtered as the decomposition advanced.
This may be due to an error resulting from
the specifics of the technological 3D printing
powder bed fusion process where deformation
may occur due to melting of the material and
it defects (powder coagulation, cavities) from
the interaction of more layers on the lower sec-
tions of the sample and further finishing pro-
cesses. Similar observations can be made for
the 45° printing direction. The trend of wavelet
coefficient distributions at individual levels of
analysis for this angle is similar to that of print-
ing direction 0°. The analysis of the values of
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the coefficients showed a correlation at the dif-
ferent levels of decomposition, nevertheless, a
significant influence, on the values of the coef-
ficients, of the technological limitations of the
3D additive manufacturing process, including
the influence of the layered structure of the
model, can be observed, as noted in the results
of the analysis.

. The investigations on samples prepared at 90°
angle revealed a stochastic alteration in the
coefficients, precluding the identification of
any functional correlations. Additionally, the
potential randomness of irregularities changes
primarily only occurs up to the fourth level of
decomposition. In this case, an important role
is played by post-processing which, for addi-
tively manufactured parts in this technology, is
an necessary operation which has to be carried
out. Removal of support material can interfere
with the quality of the surface topography.
Evaluation of the distributions as a function of
the height of the parts showed random varia-
tion in values, which may indicate that this
is still troublesome and affects the quality of
manufactured parts.

. Upon further analysis of the mother wavelet
form’s impact, it is observable that nearly simi-
lar components of roundness profiles were sys-
tematically eliminated as the decomposition
process advanced. Discrepancies in the spectra
exist at various analysis levels, yet the essence
of the spectrum remains unchanged.
. Level four is the sole characteristic analysis
level where substantial variations in the mother
wavelet function have been observed. Subject
to the shape of the wavelet, substantial elimina-
tion of high-frequency components may be ob-
served at this levels, whereby for wavelets with
a shorter support, the high-frequency compo-
nents are emphasis for individual harmonics at
an different levels. The values of the obtained
coefficients also appear to be characteristic,
due to the properties of the filters. The mother
wavelet’s type impacts spectral characteristics,
though statistical analysis shows no direct in-
fluence of the wavelet on results. The hybrid
approach proves effective for surface diagnos-
tics, with the wavelet form highlighting critical
spectral differences.

. The development of the standardization pro-

cess requires standardization of the measure-

ment process and analysis of measurement
data, which is partly realized in customer, client

requirements according to standard ASTM/
ISO 52901 and ASTM/ISO 52902 in the field
of surface irregularities analysis and accuracy
measurement. The presented research results
have potential for application in supplement-
ing the above-mentioned standard in the area
of shape deviations, their measurement, data
processing and analysis of results.

Acknowledgements

The research presented in this paper was
supported by the National Science Centre of Po-
land under the scientific work No. 2020/04/X/
ST2/00352 “Multiscale analysis of free-form
and functional surfaces manufactured by addi-
tive technology”. The paper was written thanks to
the cooperation in the framework of the CEEPUS
project PL-0007-19-2324 - Metronet - network for
novel measuring and manufacturing technologies.

This article was co-funded by the European
Union under the REFRESH — Research Excellence
ForREgion Sustainability and High-tech Industries
project number CZ.10.03.01/00/22_003/0000048
via the Operational Programme Just Transition
and has been done in connection with project Stu-
dents Grant Competition SP2024/087 ,,Specific
Research of Sustainable Manufacturing Tech-
nologies* financed by the Ministry of Education,
Youth and Sports and Faculty of Mechanical En-
gineering VSB-TUO.

REFERENCES

1. ISO/ASTM 52900, Additive manufacturing — Gen-
eral principles — Fundamentals and vocabulary. 2021.

2. Kopec M, Gunputh UF, Macek W, Kowalewski ZL,
Wood P. Orientation effects on the fracture behav-
iour of additively manufactured stainless steel 3161
subjected to high cyclic fatigue. Theor Appl Fract
Mech [Internet]. 2024;130(2024):104287. Available
from: https://doi.org/10.1016/j.tafmec.2024.104287

3. Martins RF, Branco R, Camacho J, Macek W, Marci-
niak Z, Silva A, et al. The influence of printing strat-
egies on the fatigue crack growth behaviour of an
additively manufactured Ti6Al4V Grade 23 titani-
um alloy ¥%. Int J Fatigue. 2025;197(2025):108942.

4. Cobbinah PV, Nzeukou RA, Onawale OT, Mat-
izamhuka WR. Laser powder bed fusion of po-
tential superalloys: A review. Metals (Basel).
2021;11(1):1-37.

5. Hyer HC, Petrie CM. Effect of powder layer
thickness on the microstructural development of

275



Advances in Science and Technology Research Journal 2025, 19(10), 265-277

additively manufactured SS316. J] Manuf Process
[Internet]. 2022;76(February):666—74. Available
from: https://doi.org/10.1016/j.jmapro.2022.02.047

6. Zoccali C, Baldi J, Attala D, Scotto A, Cannav L,
Scotto G, et al. 3D-printed titanium custom-made
prostheses in reconstruction after pelvic tumor re-
section : indications and results in a series of 14

patients at 42 months of average follow-up. J Clin
Med. 2021;10(16):3539.

7. Tanzli E, Kozior T, Hajnys J, Mesicek J, Brockha-
gen B. Heliyon Improved cell growth on additively
manufactured Ti64 substrates with varying poros-
ity and nanofibrous coating. Heliyon [Internet].
2024;10(3):€25576. Available from: https://doi.
org/10.1016/j.heliyon.2024.e25576

8. Budzik G, Dziubek T, Kawalec A, Turek P, Bazan A,
Debski M, et al. Geometrical accuracy of threaded
elements manufacture by 3D printing process. Adv
Sci Technol Res J. 2023;17(1):35-45.

9. Hasdiansah H. Optimization of process variables in
3D printing on dimensional accuracy using nylon fil-
aments. Int J NEW MEDIA Technol. 2022;9(1):1-5.

10. Grzejda R. Impact of nonlinearity of the contact lay-
er between elements joined in a preloaded bolted
flange joint on operational forces in the bolts. Mech
Mech Eng. 2017;21(3):541-8.

11.Jaszak P, Skrzypacz J, Borawski A. Method-
ology of leakage prediction in gasketed flange
joints at pipeline deformations. Materials (Basel).
2022;15(12):4354.

12. Smyczynska L, Wieczorowski M, Jakubowicz M,
Gapinski B. Simulation of influence of diameter
and other circle parameters on results of incom-
plete round profile testing. Adv Sci Technol Res J.
2025;19(7):151-63.

13. Grgic¢l, Karakasi¢ M, Glavas H, Konjati¢ P. Accuracy
of FDM PLA polymer 3D printing technology based
on tolerance fields. Processes. 2023;11(10):2810.

14. Pan B, Shao L, Jiang J, Zou S, Kong H, Hou R,
et al. Materials & Design 3D printing sacrificial
templates for manufacturing hydrogel constructs
with channel networks. Mater Des [Internet].
2022;222:111012. Available from: https://doi.
org/10.1016/j.matdes.2022.111012

15.Buj-Corral 1, Zayas-Figueras EE. Comparative
study about dimensional accuracy and form er-
rors of FFF printed spur gears using PLA and
Nylon. Polym Test [Internet]. 2023;117(Au-
gust 2022):107862. Available from: https://doi.
org/10.1016/j.polymertesting.2022.107862

16. Zmarzty P, Kozior T, Gogolewski D. Dimensional
and shape accuracy of foundry patterns fabricated
through photo-curing. Teh Vjesn. 2019;26(6).

17.Xie B, Fan Y, Zhao S. Characterization of Ti6Al4V
powders produced by different methods for

276

selective laser melting. Mater Res Express [Inter-
net]. 2021;8(7):76510. Available from: http://dx.
doi.org/10.1088/2053-1591/ac10d1

18. Liu H, Cai G, Xin Y. Effect of processing parameters
on the quality of overhanging round hole structure
in AlSi10Mg selective laser melting. Mater Today
Commun. 2023;37:107464.

19. Maurya NK, Rastogi V, Singh P. Instrumentation
mesure métrologie comparative study and measure-
ment of form errors for the component printed by
FDM and PolylJet Process. Instrum Mes Métrologie.
2019;18(4):353-9.

20. Mietlinski P, Gapinski B, Krolczyk JB, Niestony P,
Bogdan-Chudy M, Trych-Wildner A, et al. Review
of surface metrology artifacts for additive manufac-
turing. Bull Polish Acad Sci Tech Sci. 2024;1-10.

21. Bartkowiak T, Gapinski B, Wieczorowski M, Mie-
tlinski P, Brown CA. Capturing and characterizing
geometric complexities of metal additively man-
ufactured parts using x-ray micro-computed to-
mography and multiscale curvature analyses. Surf
Topogr Metrol Prop. 2023;11(1):014002.

22. Jakubowicz M, Mietlinski P, Krolczyk J, Budzik
G, Niestony P, Trych-Wildner A, et al. Parametric
Evaluation Samples Made by SLM Technology
Measured Using Micro-Computed Tomography.
In: International Scientific-Technical Conference
MANUFACTURING. 2024,83-95.

23. Adamczak S, Makieta W, Stepien K. Investigat-
ing advantages and disadvantages of the analysis
of a geometrical surface structure with the use of
fourier and wavelet transform. Metrol Meas Syst.
2010;17(2):233-44.

24. Gorog A, Gordgova 1. Application of fourier series
for evaluation of roundness profiles in metrology.
Adv Sci Technol Res J. 2019;13(4):30-8.

25. Gogolewski D. Fractional spline wavelets within the
surface texture analysis. Meas J Int Meas Confed
[Internet]. 2021;179(April):109435. Available from:
https://doi.org/10.1016/j.measurement.2021.109435

26. Gogolewski D. Influence of the edge effect on the
wavelet analysis process. Measurement [Internet].
2020;152:107314. Available from: https://doi.
org/10.1016/j.measurement.2019.107314

27.Yang W, Zhou M, Zhang P, Geng G, Liu X, Zhang H.
skull sex estimation based on wavelet transform and
Fourier transform. Biomed Res Int. 2020;8608209.

28.Seid Ahmed Y, Arif AFM, Veldhuis SC. Applica-
tion of the wavelet transform to acoustic emission
signals for built-up edge monitoring in stainless
steel machining. Meas J Int Meas Confed [Inter-
net]. 2020;154:107478. Available from: https://doi.
org/10.1016/j.measurement.2020.107478

29.Guo T, Zhang T, Lim E, Lopez-Benitez M, Ma
F, Yu L. A review of wavelet analysis and its



Advances in Science and Technology Research Journal 2025, 19(10) 265-277

applications: challenges and opportunities. IEEE
Access. 2022;10:58869-903.

30. Gogolewski D, Zmarzty P, Kozior T. Multiscale
analysis of functional surfaces produced by L-PBF
additive technology and titanium powder Ti6Al4V.
Materials (Basel). 2023;16:3167.

31. Yesilli MC, Chen J, Khasawneh FA, Guo Y. Auto-
mated surface texture analysis via Discrete Cosine
Transform and Discrete Wavelet Transform. Precis
Eng [Internet]. 2022;77(December 2021):141-
52. Available from: https://doi.org/10.1016/j.
precisioneng.2022.05.006

32.Shao Y, Du S, Tang H. An extended bi-dimen-
sional empirical wavelet transform based filtering
approach for engineering surface separation using
high definition metrology. Meas J Int Meas Con-
fed [Internet]. 2021;178(November 2020):109259.
Available from: https://doi.org/10.1016/j.
measurement.2021.109259

33. Pour M. Determining surface roughness of machin-
ing process types using a hybrid algorithm based on
time series analysis and wavelet transform. Int J Adv
Manuf Technol. 2018;97:2603—19.

34.Yan R, Gao RX, Chen X. Wavelets for fault di-
agnosis of rotary machines: A review with appli-
cations. Signal Processing [Internet]. 2014;96:1—
15. Available from: http://dx.doi.org/10.1016/j.
sigpro.2013.04.015

35. Gogolewski D, Zmarzty P, Kozior T, Mathia TG. Pos-
sibilities of a hybrid method for a time-scale-frequency

analysis in the aspect of identifying surface topography
irregularities. Materials (Basel). 2023;16(3):1228.

36. Zmarzly P. Influence of bearing raceway surface
topography on the level of generated vibration as
an example of operational heredity. Indian J Eng
Mater Sci. 2020;27(2):356—64.

37. Nozdrzykowski K, Grzadziel Z, Dunaj P. Determin-
ing geometrical deviations of crankshafts with limit-

ed detection possibilities due to support conditions.
Meas J Int Meas Confed. 2022 Feb 15;189.

38. Giorio L, Viitala R, Brusa E. Roundness error stack-
ing in assembled spherical roller bearings and its
impact on rotor subcritical vibration. Meas J Int
Meas Confed. 2024 Apr 1;229.

39. Pawlus P, Reizer R, Wieczorowski M. Comparison
of results of surface texture measurement obtained
with stylus methods and optical methods. Metrol
Meas Syst. 2018.

40. Podulka P. The effect of valley location in two-pro-
cess surface topography analysis. Adv Sci Technol
Res J. 2018 Dec 1;12(4):97—-102.

41.Leach R, Thompson A, Senin N, Maskery 1. A me-
trology horror story: The additive surface. In: AS-
PEN/ASPE Spring Topical Meeting on Manufacture
and Metrology of Structured and Freeform Surfaces
for Functional Applications. 2017.

277



