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Abstract: The objective of this paper is to define the pathology of Wilkie syndrome and design bio-
mechanical algorithms for its diagnostic process as well as treatment options in vascular surgery.

The diagnostic process is complex, consisting of a set of different adiologic imaging methods as

Pl OOWEUwWET UEDOI EWEOEOGaUPUwWOI wliT 1 wxEUDI OUz UwbdI EPE
Gl fluoroscopy, computed tomography angiography or magnetic resonance angiography and ultra-

sound with aortomesenteri ¢ angle and distance measurements are all considered essential diagnos-

tic modalities. Treatment strategies are similarly as complex, including first -line therapy of non -
invasive options such as enteral and parenteral feeding with the goal to decompress gagroduodenal

dilation, correct nutritional deficiencies, and promote increase of the aortomesenteric fat pad. In

EEUT wOl wi EPOUUI OwUUUT PEEOwWOXxUPOOUWUT OUOEWET WEBOU
cedure or vascular decompression by infrarenal transposition of the superior mesenteric artery.

Both, diagnostics and treatment of Wilkie syndrome require a high degree of expert knowledge and

care.

Keywords: Wilkie syndrome; Superior mesenteric artery syndrome; SMAS; biomechanical algo-

rithms; radiography; upper Gl fluoroscopy; computed tomography angiography; magnetic reso-
OEOEI wEODT POT UExT aOwUOUUEUOUOEOWEUOET OONI NUOOUUOC
of the superior mesenteric artery

1. Introduction and pathology

Superior mesenteric artery syndrome (SMAS), also called mesenteric duodenal com-
pression syndrome, Wilkie syndrome, chronic duodenal ileus or cast syndrome, is a rare
clinical condition defined as a compression of the third portion of the duodenum in be-
tween the SMA and abdominal aorta (AA), due to narrowing of the space between them.
SMAS is primarily attributed to loss of the intervening mesenteric fat pad, leading to par-
tial or complete duodenal obstruction. Its manifestations are complex and non -specific,
including postprandial epigastric pain, nausea, vomiting, early satiety, weight loss and
anorexia. SMAS may present as an acute syndrome, or it may have an insidious onset with
chronic symptoms. SMAS mainly affects patients, males and females between 10and 60
years of age. This study aims to discuss the best design of biomedical mechanical algo-
rithms to set the most accurate diagnostic parameters as well as to decide the most optimal
management of this medical problem [1,2].
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Figure 1. Abdominal Aorta + AMS Angulation; normal angle 38 -65 degrees on the left, reduced
angle below 25 degrees on the right, 3¢ part of duodenum compression -obstruction [3].

2. Diagnostic Methods

The diagnosis of Superior mesenteric artery syndrome is based on clinical symptoms
of the patient and radiologic evidence of duodenal obstruction. The following imaging
methods aid in the diagnostic process in order to obtain a more accurate diagnosis:

1.

Radiograph
A plain radiograph allows to visualize a dilated stomach and proximal duo-

denum, which are filled with fluid and/or gas [4].

Upper Gl fluoroscopy

Fluoroscopy is a superior diagnostic technique. While a plain radiograph dis-
plays only a static image, upper Gl fluoroscopy allows for visualization of
moving pictures. It lets the examiner to visualize dilation of stomach and
duodenum, a collapsed small bowel distal to the crossing on the superior
mesenteric artery, while at the same time look for the typical to and fro mo-
tion of the contrast in the gastroduodenal part. It is considered a gold stand-
ard technique and important p art of the diagnostic process of Superior mes-
enteric artery syndrome [4,5]

CTA/MRA

Computed tomography angiography and magnetic resonance angiography
enable visualization of the vascular structures, compression of the duode-
num in the aortomesenteric space and measurement of the aortomesenteric
angle and distance. Although there are diffe rent opinions in the literature on
the exact range of a normal aortomesenteric angle, measurements in between
20-70 degrees are generally considered as normal. Angle measurements be-
low 16 degrees are considered as reduced and indicative of Superior mesen-
teric artery syndrome. Similarly, aortomesenteric distance of 10-28mm is
considered a normal finding, while distance less than 8mm is indicative of
Superior mesenteric artery syndrome [4-6]
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Figure 3. MRA with visible stomach dilation .

4. Ultrasound
Doppler ultrasound with velocity measurements, generally used for diag-
nosing also other vascular compression syndromes from the same pathology
family, or also a normal ultrasound is an accessible and minimally invasive
diagnostic method, which serves as anadditional modularity in the diagnos-
tic process of Wilkie syndrome. Similarly as CTA or MRA, it allows for aorto-
mesenteric angle and distance measurements. The advantage is that as op-
posed to CTA and MRA, ultrasound allows for examination in both supine
and standing positions. This provides valuable insights into angle and dis-
tance differences while standing up versus lying down. The reductions are
normally seen in supine position. However, it must be taken into account
that not all patients with aortomese nteric angle and distance reduction will
have Superior mesenteric artery syndrome. Therefore, the imaging findings
OUUUwEOPEaAUWE]I wEOUUI OEUI EwbPDUIWUOT T wx E

3. Treatment strategies

Traditionally, treatment has consisted of conservative measures such as:

9 start with medical management, including decompression of the stomach
and duodenum with a nasogastric tube, correction of nutritional and electro-
lytes deficiencies, through total parenteral nutrition, or preferably, if possi-
ble, enteral feeding with a nasojejunal tube past the point of compression,
which fulfils nutritional requirements while avoiding the complications of
total parenteral nutrition. When tolerated, oral feeding may be resumed. This
helps build up the fat cushion between the superior mesenteric artery and
aorta and, hence, may help in reversing the situation.

10
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1 posturing manoeuvres during meals and motility agents may be helpful in
some patients
1 lying in right decubitus position may relieve compression of duodenum
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Figure 4. Gastrointestinal tubes [7].

Surgery may be considered if conservative treatment fails:

1 duodenojejunostomy is effective in the majority of patients

1 laparoscopic duodenojejunostomy offers a new minimally invasive thera-
peutic approach to superior mesenteric artery syndrome

200001 7z Uw laphdsedpie sutyerinvolving lysis of the ligament of
Treitz with the mobilisation of the duodenum is another minimally invasive
approach

9 vascular decompression by transposition of SMA to the infrarenal part of the
aorta [8-10]

Duodenojejunostomy

Gastrojejunostomy

Gastrointestinal
- | Others |

— Roux en Y
duodenojejunal Bypass

AApproach Duodenal
circular drainage
Infrarenal Anterior transposition
SMA transposition of D3

Figure 5. Surgical treatment options of Superior mesenteric artery syndrome [10].

4. Conclusion

Due to its rarity and nonspecific symptoms, Wilkie's syndrome poses a really chal-
lenging diagnosis. High index suspicion in cases of severe weight loss and upper gastro-
intestinal symptoms is of utmost importance. Enhanced CT and upper Gl fluoroscopy are
the gold standard diagnostic modalit ies and should be employed whenever the patient



Novus Scientia 2025

presents with suggestive symptoms. Early detection can not only avoid the syndrome -
associated complications but also improve the prognosis, making conservative measures
more likely to be effective. Surgery should be considered in more severe, chronic casesor
whenever medical treatment fails [8,10].
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Abstract: The emissions of tyre wear particles (TWPs) into the environment are increasing from last
years and have negative impacts on the human health. The environmental fate of tyre and road wear
particles (TRWPSs) receives increasing attention due to the per capita emission volumes of 0.2 5.5
kg/ (cap year) and recent reports on the environmental hazard of TRWP constituents. It is also ex-
pected that aging impacts TRWPs fate in the environment, but detailed knowledge is quite limited,
yet. Making use of information on tyre aging, the availab le knowledge on environmental aging pro-
cesses such as thermooxidation, photooxidation, ozonolysis, shear stress, biodegradation and leach-
ing is very important in future studies. There is a complex interplay between aging processes in the
environment that needs to be considered in future aging stu dies. In addition to existing basic qual-
itative understanding of the aging processes, quantitative understanding of TRWP aging is largely
lacking.

Keywords : Ultrafine Particles, Aerosols, Environmental Engineering, Road Traffic

1. Introduction

The following parts give a brief overview of the generation, characteristics, and path-
ways of TRWP related to the atmosphere, road runoff, and soil to clarify the complex,
interrelated, and dynamic systems in which TRWP are generated, transported, trans-
formed, and interact with the environment. These complex interrelationships must be
thoroughly understood to derive suitable mitigation strategies for TRWP.
Tyre wear and abrasion are inevitable outcomes of friction between the tyres of ve-
hicles and the road. The rate at which tyre tread is abraded depends on several parameters
[1, 2,3]:
JwUaUl wET EUEEUI UPUUPEUwpl 61 6 OwU baye, mileagel | E E
and tire pressure),
JwWwUOEEwWUUUI EET wET EUEEUI UPUUD E Uextusd, dimdérOw OE
wet/dry, porosity, temperature) ,
JWUOEEWUOxOT UExT awEQEWET UDBT Qwpl 61 80wUU0IT 1 x
JwYIl T PEOI wOx1 UEUPOOwpi 61 60wyl OGEPUaAOWODPOI
JwYl T PEOI wET EUEEUI UDUUD E Weigt] shidpénan, Staexiigw O
alignment.

After initial emission and deposition, particles that are not cleaned from the road will
remain in place or be transported in natural or engineered environmental systems. The
interconnected environmental and engineered compartments into and through which t he
particles flow is road surface, atmosphere, adjacent surfaces, storm water or combined
sewers, surface water and groundwater, and sediments. The Fig. 1 shows the distribution
of tyre wear particles in environment media.
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Figure 1. Characteristics of tyre wear particles in the environmental media [3].

Aerosols from combustion of vehicle engines originate from five sources: fuel, fuel
additives, inlet air, lubrication oil and the mechanical breakdown of pre -existing materi-
als. The latter can also form from other sources in the vehicle (e.g., brake dust). Of those
formed in the engine, there are four main types of aerosols: carbonaceous, organic, sul-
phate and ash. These usually appear in combination. Fuel and oil contribute to all four
fractions; fuel additives, air and mechanical breakdown contribute to t he ash fraction. A
typical aerosol from a heavy-duty diesel engine is 41 % carbon, 13% ash, 14% sul-
phate/water, 25 % unburnt oil and 7 % unburnt fuel [21].

Sources from non-combustion particle sources of course - mode particles include
dust from brake linings, tyre wear, road - surface wear, engine wear and rust, dust and
scale from the exhaust and catalyst system.

This article will deal with part of non-combustion particle sources in next chapters.

2. Materials and Methods

The review on mitigation measures for TRWP is based on very comprehensive re-
search on literature from all over the world including scientific literature, proceedings,
and policy papers, using SciFinder, ScienceDirect, Google Scholar, and SpringerLink. Fur-
thermore, the authors of this study assessed information from European and US expert
panel organizations and networks [1,2,3].

The study assigns the identified measures to the following TRWP mitigation classes:

J mitigation measures to prevent the generation of TRWP,

J mitigation measures at the vehicle and the road surface to prevent TRWP from be-

ing spread in air, water, and sail,

J mitigation measures on road runoff and atmosphere to prevent TRWP from accu-

mulation and fate in natural environmental .

In the Fig. 2 is shown that after bad maintenance of tyres the life-service s are dra-
matically shortens.
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Figure 2. Incorrect air pressure dramatically shortens tyre service life [2].

As TRWPs are generated at the road surface, light exposure and temperature are
likely to control the aging during the initial stage after release. TRWP aging occurs in var-
ious environmental compartments, Fig. 3. as TRWPs are generated at the roadsurface,
light exposure and temperature are likely to control the aging during the initial stage after
release. Sooner or later, TRWPs are transported by atmospheric redispersion or rain water
road runoff to the road side, where photooxidation , leaching and microbial degradation
may occur. Further transport of TRWPs to sewer systems eventually to terrestrial and
aquatic environments is taking place, Fig. 3. During transport, TRWPs experience me-
chanical shear stress which can cause breakip of particles, but also aggregation may oc-
cur. As soon as TRWPs are dispersed in water, inorganic or organic constituents may
leach. TRWPs in the PMo fraction may be transported via the atmosphere and volatile
compounds may evaporate from these particles as well, Fig.3. All these processes, oxida-
tion, mechanical aging, biodegradation and leaching will affect TRWP properties. [8]

TRWP

transport in

atmosphere atmosphere

photooxidation ozonation

TRWP TRWP
deposition deposition
_photooxidation > TRWP transport in terrestrial

~microbial degradation — and aquatic environments
Ry leaching i
leaching shear stress photooxidation
microbial /~_microbial degradation
\.degradaﬁon/ leaching

road surface road side soil fresh water soil
environments

volatilization

photooxidation
thermooxidation
shear stress_

Figure 3. TRWP aging processes on road surface, in atmosphere, road side soil, freshwater envi-
ronments and soil; grey arrows indicate transport pathways of TRWPs, and shading from dark to
light represents expected concentrations of TRWPs from high to low in environm ental compart-
ments [1].

It is estimated that non-exhaust traffic emissions of medium sized cars consist of ap-
proximately 45 % road wear, 32 % tyre wear and 23 % brake wear [9].
A literature review [10] shows that the share of TWPs of non-exhaust emissions from
traffic is 5 ¢ 30 %. Other studies on aerosols or deposited dust show that the size of TWPs
PEUwi OUOEWUOWET wEl UPI 1T OQwhy wbGaPdMG)E13] 16} [R0) E O why
1  PMauoso: Analysis of PM wesocollected samples next to German motorways and high-
ways revealed that many collected aerosol particles (Apr. 54 % by volume) could be
traced back to tyre wear [11]. The rubber from tyre wear was roundish or kidney
shaped and contained traces of C, Si, Zn which are typical elements in fillers and
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vulcanization agents for tyres (i.e., C, silica, or zinc oxide) [10]. Contribution of tyre
wear to PMwaccounts for up to approx. 11 mass% [14].

1 PMasao [15] summarized that TWPs are predominantly coarse particles (PM2510),
which are generated by shear forces and in turn are influenced by the road-surfaces,
OauUl wO0axl UwEGEWEUDPYDOT wEOGOEPUDPOOUS wnjw

1 PMai2s Aerosol measurements at the roadtyre interface showed that nanoscale
emissions between 5 and 700 nm are generated, which depend on speed and tyre
type [12], [16], [17].

1  Other measurements in an urban street area showed that over 99 % of the particle
concentrations were found in the size range of 10¢ 300 nm, whereas the particle
mass concentration was almost equally distributed between PM1and PM2s0 w njpu1/
[17] highlighted that ultrafine particulate matter (PM o.1) must not be neglected.

Schematic diagram of ultra-fine particles and transmission, process is shown in the Fig.4.

Distance from road

\’chx.clc type Distance
T §ca.\un Wind direction
Speed Wind speed
“J Temperature and humidity = UFPs size distribution UFPS concentration - 106 Apes

Scason
Particle dynamics R “
Atmospheric dilution - ) %
Coagulation Influence factor Influence factor Speed S
) \

Traffic volume

. ¥ Rock_ _
Atmosphere /\}:l UFPs Soil weathering >
v Natural sources = Plant pollen
. Fungal spores
UFPS sources _ Bacteria
Sedimentation Dust Vehicle exhaust emissions
) Artificial sources< Industrial production cuu\,\mn.\j\
Road dust

Road surface

Figure 4. Schematic diagram of ultra-fine particles and transmission process [5].

3. Results

The physicochemical characteristics of micro- and nano-sized brake particles emitted
from non -asbestos organic (NAO) and low-metallic (LM) brake pads were investigated
under normal and harsh braking conditions using a brake dynamometer. Silication oil is
another source of non-combustion aerosol, as well as of combustion aerosol

Under normal braking conditions, 28 % and 12% of the total wear mass of brake pad
and disc was emitted as PMw and PM:s, respectively. [5, 6, 7,8.

In the Fig.5. and Fig.6 are shown the micro particles and nano particles measured
from roads wear.

AO/LM pad  i-------- Micro-particle -------.

/ N
/ \
{
i

—— NAO pad
—— LM pad

1 10

Figure 5. Structure, morphology and particle size of the brake -wear - micro- particles [5].
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Figure 6. Structure, morphology and particle size of the brake -wear - nano- patrticles [5].

The scanning (SEM) and transmission (TEM) electron microscopy were used to ob-
tain independent information on the composition, structure, morphology and particle size
of the brake-wear particles. Overview of prevalent size of brake -wear particles shows SEM
image on Fig7and Fig. 88 w3 T 1 wOEPOwi UEEUDPOOWOI whl EVUwx EUI
The larger, sharp-edged particles were also observed in both samples. Agglomerates com-
posed of different sizes particles were noted. [5]

Figure 7. SEMimages of brake wear particles obtained from samples( L -left) and ( R-right) [6].

Compared to that only agglomerates of nanoparticles without any carbon matrix
were observed on sample (Fig.8, right). High concentration of carbon in the form carbon
matrix (Fig. 8¢ left ) can be probably connected with type of resin used for production of
this brake pads.

Figure 8. TEM images of brake wear particles. Matrix with trapped nanoparticles in sample (left)
and detail of agglomerate found in sample (right) [6].

All particles, agglomerates but also larger grains, have similar elemental composition
typical of brake emissions. The dominant elements are Fe, C and O, and Cu, Al, Si, S, Mg,
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Mn, Zn, and Ca are present to a lesser extent. According to EDX analysis is possible to say
that the wear particles predominantly contain iron.

Representative spectra of microplastics from soil and road dust samples are shown
in Fig.9 and Fig. 10. The spectra were compared with those of synthetic rubbers to support
the hypothesis that the black debris originated from the tyre.
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Road dust

Soil

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™?)

Figure 9. FTIR spectra of black fragments detected in soil and road dust samples B].

=}
)
a
~

Road
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Figure 10. Typical Raman spectra of black fragments from soil and road dust samples [8].

4. Discussion

In all samples, a huge amount of black debris (91% from soil and road dust) was
found, which were defined as synthetic materials originating from vehicle tires. In road
dust samples, a higher amount of microplastics is found than in soil. This may be due to
the direct effect of braking, which causes a greater accumulation of samples at the emis-
sion source than over a short distance in soil. Schematicrepresentation of the formation
of tyre wear nanoparticles and factors influencing it is shown in the Fig. 11.In the case of
UEOx Ol UOWPUWEEOQWET wOEUI UYI EwUT EQwOOUC0wWI UEEU
due to the possibility of smaller emission particles over longe r distances and the greater
degradation process that occurs in soil. Given the presence of runoff and street washing,
it can be assumed that emisions of tire debris in road dust pose a very high risk, which
are emitted directly into the wastewater treatment plant and subsequently into reservoirs.
Degradation processes of microplastics occur downstream into the aquatic ecosystem. It
should be emphasized that in both soil samples and road dust samples over 90% of the
microplastics present in the soil are a source of high pollution by releasing toxins into the
soil and thus into groundwater and surface runoff. Degradation processes of microplastics
occur downstream into the aquatic ecosystem. should discuss the results and how they
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can beinterpreted from the perspective of previous studies and of the working hypothe-
ses. The findings and their implications should be discussed in the broadest context pos-
sible. Future research directions may also be highlighted.

Factors influencing
generation of
TWP and TRWP *
Tyre type

Road material

Driving behaviour

Tyre base materials and Tyre
additives m Car weight

[ Basematerials |
Base materials 1_ T Rubber particles Temperature/weather
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Vulcanizing agents Nylon layers ; Other .....
Particulates m

Vulcanization activators Steel belt ;
inhibitors combustion
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Anti-degradants and - = Road wear PM2,5 :
Sidewall rubber ow volatile vapors :
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f "
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Valve

Figure 11. Schematic representation of the formation of tyre wear nanoparticles and factors
influencing it. * TWP, Tyre Wear Particles; TRWP, Tyre and Road Wear Particles; PM, Particulate
Matter [7].

5. Conclusions

The study analyzed environmental samples for the presence of microplastic fractions.
Research confirms that an important source of microplastic emissions into the environ-
ment are communication roads. It was difficult to analyze the smallest particles below 10
500wkl PET WEUT wOT T wOOUUwWI EUOTI UOwWUOwWI 1T EOQUT 6 w3
include the lack of standardization and a reference unit for the results obtained, which
would allow comparisons between researchers.

Standardised analytical methods are needed to determine both particle size distribu-
tions and mass concentrations, particularly for nanoscale emissions such as airborne par-
ticulate matter (PMo.1) or nanoparticles (<100 nm) dispersed in agricultural soil or surface
water. In addition, the development of innovative vehicle tyres and eco -friendly rubber
formulations is needed to reduce tyre wear and facilitate recyclability. Nanotechnology -
based fabrication methods (e.g shown by [18] or the use of engineered nanomaterials (e.g.
summarized in [19] could allow the reduction of the amount of tyre wear compared to
conventional vehicle tyres.

Electrification is positive in terms of emissions, but it does not solve the problem of
worn particles. Emissions of these particles need to be reduced for both health and envi-
ronmental reasons.

You can do a lot by adapting the way you drive and care for your car. Tyre wear can
be reduced by driving smoothly with slow acceleration and braking and the correct tyre
pressure and wheel geometry. Brakes also wear less when drivingin this way and thanks
to the increased engine braking. The road surface is worn ahundred times more by stud-
ded tyres than by non-studded winter ty res. However, public transport and even more by
cycling and walking are the most effective ways to contribute to reducing emissio ns.
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Abstract: Increased interestin electric automobiles, coupled with the vision of a greener future, is
leading the producers of the electric motors into implementation of the new technologies and opti-
mization of the current technologies to increase productivity and improve product quality. One of
the current technologies for production of rotor and stator laminations is stamping. The productiv-
ity of this technology can be improved by cutting an additional layer of electrical steel in a single
stroke. Researt into this change in technology is relevant, as its potential implementation after ad-
dressing of its flaws may provide us with cheaper production alternative for electric motors. This
paper investigates results of change in this technology by analyzing the interaction between tool
and material in single layer stamping and predicting the interaction in double layer stamping. The
study continues with a comparison of the samples which were produced by experimental stamping
of the electrical steel produced by POSCO, confirming the negative predictions gained by theoretical
analysis. The discusion contains abrief summary on these results and potential directions of the
research on the problems produced by this change in technology.

Keywords: stamping; blanking; double -layer stamping; laminations; electrical motor

1. Introduction

Conventional technology of blanking in stamping is a shearing process in which the
sheared material is in contact with the die on which it is positioned, the blankholder which
holds the material in place and the punch which separates the blank from the material [1].

During the blanking process the material goes through these phases which are shown
in simulation of Figure 1.:

1. Elastic deformation phase - Starts when punch comes into contact with the ma-
terial. Punch acts upon the material with increasing force, compressing and
bending it over the edge of the die. No permanent changes to the material occur
until the end of this ph ase[1,2,3.

2. Plastic deformation phase - As soon as the stress in the area of material is in con-
tact with the die and the punch exceeds the yield strength, the material will start
to plastically deform and the punch will start to penetrate into the material, forc-
ing it to flow around the edge of the die. Roll -over and the burnished zone are
produced in this phase [1,2,3.

3. Fracture initiation and fracture propagation phase - When the stress exceeds the
ultimate tensile strength of the material, cracks will start to appear in the area in
contact with the edges of the punch and die. These cracks continue to propagate
along the line between the edges of the punch and the die until they connect and
separate the blank from the material. Fracture zone and the burr are the result of
this phase[1,2,3.
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Figure 1. Single layer blanking process - illustrational picture from simulation in SIMUFACT
Forming software (contact with punch/elastic phase/plastic phase/fracture initiation/break) .

2. Theoretical analysis of double layer blanking

The technology of double layer blanking is trying to double production efficiency of
the process by modifying the conventional blanking process. This is achieved with the
addition of the second layer of the sheet on top of the first sheet. These sheets form gair
which is blanked simultaneously in a single stroke and during the blanking process they
are not bonded or mechanically joined in any way. Both sheets are made from the same
material, and their dimensions are the same.

This change in the process modifies the interaction between the material and the tool,
as the influence of the tool is partly replaced by one of the sheets dividing the process into
two parts:

- Top layer ¢+ Top sheet is in direct contact with the punch and blankholder, but

not with the die. The geometry of the die is replaced by the bottom sheet.

- Bottom layer t+ Bottom sheet is in contact with the die, but not directly with the

blankholder or the punch. In this case their geometry is replaced by the top sheet.

The challenge of this arrangement is in the fact that material is not able to fully re-
place the precision and stability of the tool geometry. Shape and position of each layer is
fluidly changing because of the deformation during the blanking process, which results
in a problem with the stress distribution, deformation patterns and the fracture behavior
as can be seen in simulation shown in figure 2.

Figure 2. Double layer blanking process - illustrational picture from simulation in SIMUFACT
Forming software (contact with punch/elastic phase/plastic phase/fracture initiation/ break).
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Potential predicted complications produced by this modification based on the theo-

retical analysis are:

- Higher necessary cutting force + Addition of the second layer of the material is
practically doubling the thickness of the material blanked which results in an
increase of the necessary cutting force. This negatively impacts tool life and can
have an impact on the quality of the sheared edge.

- Different course of the plastic deformation t Since the top layer is affected by the
compressive force of the punch first, the bottom layer is exposed to uneven forces
of the transmitted force. This can potentially lead to local thinning of the sheet
and different deformation in the area of the edge, especially a difference in the
rollover area and overall dishing of the blank. Bottom blank will also have bigger
burr than top because of higher concentration of stress in the area of contact with
the die.

- Different shape of the burnished zone + While the bottom layer is bent around
the smaller radius of the die, the top layer is bent over the radius created on the
bottom layer. As a result, both of the layers end in a different orientations relative
to the punch during the blanking process. This may result in worse quality of the
burnished area on the top layer.

- Different diameters of each blank in the pair ¢+ While the outer diameter of the
bottom layer is influenced by the precise geometry of the die, the outer diameter
of the top layer is influenced by the geometry of the bottom layer which is fluidly
changing due to the deformation process. This is expected to result in difference
in the outer diameters, with the bottom blank having slightly larger diameter
than the top blank. This will also be highly influenced by the cutting clearance.

3. Experimental double layer blanking

3.1.Materials

Experiment was conducted on the thin electrical steel sheet produced by POSCO,
designated as 30PNX1500FY. This type of electrical steel is characterized by its high
strength and is commonly used in electric motors. Its mechanical properties are provided
in Table 1.[4]

Table 1. Mechanical properties of POSCO 30PNX1500FY [4]

Grade Tensile Yield Elongation
strength Point (%) Hardness | Lamination
(MPa) (MPa) HV1 factor
(%)
L C L C L C
30PNX1500FY| 573 579 450 457 20 19 230 97.5

Note: L : specimen is parallel to the rolling direction / C: Specimen is transverse to the rolling
direction.

3.2.Experimental setup and equipment

The blanking experiment was conducted on a hydraulic press with a nominal force
of 250 kN. The tool used in the experiment was a progressive shearing tool with a die
clearance of 0.005 millimeters. The diameters of the dies were} | k 8 Y ut wOOwWE OE w
mm. The diameters of the punches were} 25.0030 O wE O E uBp huk.3 Y
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Nominal thickness of the material is 0.3 mm, and material was set in two configura-
tions:
- Single layer configuration of a 0.3 mm sheet.
- Double layer configuration of two 0.3 mm sheets (total nominal thickness
of 0.6 mm).

a.) b.) c.)

Figure 3. a.) Leftover material from experiment; b.) blanking specimens; c.) samples prepared for
study under the microscope.

The shape of the sheared surfaces on the outer diameter of thespecimens was ob-
served separately for each layer of the configurations on a ring shape blanks using a
Keyence microscope. Small magnification of the observed samplescan be seen on figure

Figure 4. Blank samples under microscope, with outer diameter on left side and inner diameter on
right side of picture.

Thickness of the samples was measured in proximity to the sheared edge at at least
four points. The top blank in the double layer configuration experienced much higher
thinning compared to the bottom blank which had minimal thinning similar to the thin-
ning of blank in the single layer configuration.

A difference in the burr between the sheets was observed. No burr was produced on
single layer blank or on the top blank of the double layer configuration, however, the bot-
tom blank had a burr proportionate to 9% of the shear area.

A change in radius of the rollover was observed. The radius of the bottom layer blank
is similar to the radius of the blank of single layer configuration, but the radius of the
rollover on the top layer blank is doubled in comparison.
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DOUBLE LAYER DOUBLE LAYER
TOP BOTTOM

Figure 5. Blank samples under microscope with detail on the shearing edge.

A difference in the shape of burnished area between layers in double blanking was
observed and can be seen on figure 5. The shearing edge of the top blank in the double
layer configuration is drastically deformed, as the radius of the rollover is doubled i n
comparison to the single layer blanking. Burnished area is smaller and the fracture area is
rounded, which may indicate deformation causing the blank part of the material to change
orientation during this part of the shearing process. Bottom blank of the configuration is
more similar to the conventional single layer blanking configuration, with main difference
located at the area of burr, where the material is not compacted but instead forms a nega-
tive shape of the rollover area of the top layer, producin g a burr, comparison of these two
layers is shown in figure 6.

Figure 6. Comparison of the rollover of the top layer blank and radius in the area of the burr on
the lower layer blank in two layer blanking configuration.

Increased dishing deformation on the double layer samples was observed with a na-
ked eye and orientationally measured with a caliper. While the single layer configuration
had an overall thickness of 0.3 mm, the double layer configuration had overall thickne ss
of 0.57 mm and 0.55 mm. Although dishing should be different for each layer of the pair,
as observed in simulation shown on figure 7, it is somewhat uniform due to a balancing
effect. This effect occurs in the die, as blanks are compressed and pushed ttough nar-
rower section of the die by the blanks produced before and after them.
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Figure 7. Dishing immediately after blanking in d ouble layer blanking process, illustrational pic-
ture from simulation in SIMUFACT Forming software .

4. Discussion

The experiment provided us with an insight into the complications which are pro-
duced during the double layer blanking of thin electrical steel sheets, which are not joined
together in any way.

These results confirmed theoretical predictions, such as:

1 Localized thinning ¢ The top blank experienced increased thinning in com-
parison with the lower blank.

9 Burr difference ¢ There is no burr produced on the top blank but the lower
blank had a burr creating 9% of its sheared edge.

1 Quality of the sheared edge ¢ The bottom blank had better quality of the
sheared edge compared to the top blank.

9 Dishing ¢ Dishing was present on both blanks produced by the double layer
blanking configuration. This dishing may vary between the layers immedi-
ately after the cut but it is balanced in the die by other blanks compressing
them together. This may be a problem as blanks can damage surface of each
other, which may result in increase of eddy currents in the iron cores of
electric motors, whose production can benefit mostly from this improve-
ment.

More research needs to be conducted on this topic and some of the options are:

1 Simulations to improve our understanding of the interaction between the
tool and each layer.

1 Simulations of the interaction of blanks in the die after the cutting.

1 Experiments with different parameters as die clearance, different materials,
different geometry of the tool and others.

The technology of the double layer blanking may be significant improvement in
productivity which may increase the viability of the electrical motors, but the complica-
tions produced by it must be addressed before this technology can be considered in pro-
duction.
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Abstract: This paper focuses on the concepts of gamification and its implementation in industrial
settings. Gamification offers many benefits such as motivation, engagement, a safe virtual envi-
ronment, and much more with only a few limitations, making it interestin g for industry applica-
tions. As industries continue to evolve with automation and digital transformation, gamified learn-
ing offers an effective and scalable solution for workforce training . Techniques, benefits, limitations,
and current use are discussed. Furthermore, 2 experimental applications are proposed utilizing vir-
tual reality for immersive and interactive experiences. Plans for future improvements of simulations
are discussed along with a proposal for new simulations. A survey of a test gr oup is present along
with their feedback.

Keywords: gamification, simulation, industry

1. Introduction

Gamification is a term with many definitions based on its use. While no standard
exists yet, most sources agree that gamification is generally defined as using game ele-
ments and mechanics in non-game contexts [1]. Gamification as a concept was first ob-
served in the marketing sector in the form of memberships with variable rewards based
on the given criteria but it soon became much more. The core of gamification is an incen-
tive for workers and students to learn new concepts and subjects playfully and interest-
ingly. Engagement, motivation, and productivity boosts are the main factors for investing
time and money to gamify [2]. Motivated users are willing to spend more time and effort
on the given task. Also, they are encouraged to think about the problem and potential
solutions. Hamari et al. conducted a literature review of gamification articles. T he review
shows the positive outcomes in motivation, engagement, and enjoyment of gamified ap-
plications. However, results are case-dependent because not every application can be eas-
ily gamified. Gamification must be applied correctly according to the optio ns available for
the experience to be coherent and engaging [3.

The second key factor is interactivity. Giving users the ability to interact freely with
the virtual world and to engage with it has proven to be a great way of learning new skills.
Since there are no standards as to how gamification of an application shoud be achieved
there are recognized mechanics and game types used for gamification. Mechanics used
include achievements, levels, progression, challenges, statusars, collaboration, and lead-
erboards. Achievements are used as a reward for the successful corpletion of a given
task. They are considered the main motivation for the user to use the application. Based
on the design of achievements they can appear asmilestones on progress bars badges,
currency, or in the form of bonuses. Achievements and subsequent rewards must be con-
sidered thoroughly to keep the user engaged in the activity. Levels can be described as
stages of the game. Level design and level objectives are 2 criteria thaevery level has and
that distinguish each level from the others. A level design is considered the look, atmos-
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phere, and layout of the level. The design of a level can stay the same for all levels de-
pending on the application, but the level objectives need to be different on every level.
The only exception is increasing the difficulty of the objective or adding ne w obstacles
and situations that complicate the completion of the objective. In education, every level is
considered either as a lecture or a part of a lecture. In mechanical engineering, every level
can be a different mechanism or system. Progression is tke progress of a level and is meas-
ured by the number of objectives the user completed in the level. Challenges are a means
of motivation for the user to complete the level in a certain amount of time, in a different
way, or complete a specific bonus task. In engineering training, challenges can be consid-
ered difficult situations that are not very likely to occur but are potentially possible to
occur. Status represents the rank or the experience of the user. It changes when the user
completes a set number oflevels or challenges. Collaboration is a specific mechanism used
for complex applications where multiple users work on the same problem. The tutor and
tutee system can also be applied to teach multiple users simultaneously about the topic.
The last mechanism used for gamification is the use of leaderboards. This mechanism is
used to compare users and encourage them to work harder on the topic and to improve
their scores. Leader boards can display the achievements, number of levels completed,
points from the challenges, etc. [4.

Implementing the game elements in the industrial application without changing the
form and purpose of the original application is the most used way of gamifying. The sec-
ond option for gamification is giving the application form of a game which essentially
changes the application in a way resembling a video game. The 5 game types used are
puzzle games, adventure games, simulation games, strategy games, and edtainment.
Puzzle games require logical thinking to overcome the problem either by finding the cor-
rect solution or coming up with a new one. Users are required to solve puzzles, use dif-
ferent tools, and manipulate objects. The purpose of this game is to teach the users how
to use the new tools and think about the most optimal ways of solving the problem. The
advantage of puzzle games is that they do not require complex graphics and program-
ming. Adventure games are basically puzzle games with a simple story and the ability to
carry tools, weapons, and such across levels. A simple story is in the form of a rarrative
of a real-life situation that might occur or has occurred before. This style of games is fa-
vored in engineering education and for the reeducation of workers. Simulation games
simulate the controlling of real -life vehicles or machines such as CNC nilling machines,
drones, cars, or heavy machinery. Simulations are complex and expensive to create due
to the need for realistic digitalization of the simulated mechanism and environment. Ve-
hicle or machine simulations can be used for autonomous vehicle testing or machine
learning as a visualization layer. Strategy and real-time strategy games can be compared
to a city-building game or a war game where users command troops. The strategic aspect
is in the management of the city and creating the layout of the buildings. Users must make
strategic decisions in the building and equipment placement, plan future expansion and
changes, command people, and manage the equipment. This type of game is beneficial
mostly for civil engineering and simulations of a city's i nfrastructure. The last type of
game is edutainment. Edutainment is as the name suggests the combination of education
and entertainment. The goal of this application is to teach in an entertaining form of game-
play. Edutainment is aimed at young children to teach them in a fun way with the use of
licensed games and TV show characters [4.

Gamification offers many advantages such as previously stated motivation and user
engagement. Motivation and engagement come from the sense of achievement due to the
use of leaderboards, point systems, progression, and optional challenges. Users are en-
couraged to invest more time to improve their score and come up with new more optimal
solutions. Learning is faster and easier because the concepts are explained in a visual and
in some cases more realistic way. Applications offer simplified visual instruction s for us-
ers to follow. Visual learning is very beneficial, and gamification can enhance the whole
experience even further. Be it high-fidelity applications or simplified ones, visual learning
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is beneficial either way. In the case of collaborative experiences, the clear benefit is im-
proving team building and strengthening the collaboration of workers on the same prob-
lem.

The disadvantage or rather limitation of gamification is that users might be driven
into following certain patterns to finish the objective and not try other ways that might be
more appropriate. This can be prevented by creating a more robust system that encour-
ages users to try new things and optimize their performance. Users might come up with
new ways of finishing the object and give feedback on further improvement of the appli-
cation. Another big limitation is incorporating gamification mechanics into the existing
application. This limitation occurs when the applications' internal components are not di-
rectly available thus making the complex integration problematic. Application Program-
ming Interface (API) and Software Development Kit (SDK) availability are problems and,
in some cases, even if available they offer only took for automating tasks and not for vis-
ual elements and systems. This leaves developers with only the User Interface (Ul) for
implementing game elements. In this case, the developers must decompose the Ul into
widgets and send commands through these Ul components [5].

2. Use in the industry

Despite the youth of the topic, there have already been plenty of studies and exam-
ples on how to incorporate gamification into the industry. For example, Markopoulos et
al. provided a case study on the use of gamification in manufacturing. In manufacturing ,
gamification is used for learning CAD programs and 3D modeling [5 ].

Bennett & Vijaygopal conducted a study about electric car simulators in order to al-
low people to learn about electric vehicles. They developed an integrated model of deter-
minants of consumer attitude towards electric vehicles which is in many cases negative
due to the stereotypic view of the topic [ 6].

, LOOT Uwl UDWEOS wx Ul Ul OUWEWUOUEDODPOT WEOOEIT x Uw
and training game. The tutorial game was created for mobile and computer and allows
users to understand the assembly steps necessary to assemble a bicycle hub. Training
games consist of a physical assembly workplace and a camera with tracking and monitor-
ing with immediate feedback on workers' actions [ 7].

Donatiello et al. presented the virtual dressing room for the fashion industry. They
utilized virtual reality ( VR) technology to create a peaceful environment, an island to be
precise, and user avatars to try different outfits. The feasibility of such a system was ques-
tioned and results were gathered. Testers were questioned if they would use this applica-
tion if they would use it to buy clothes online, and if they would use the application for
fun. The answers were mostly positive [ 8].

Keepers et al. present a review of gamification used in manufacturing and industrial
settings. They also discussed the different technologies utilized such as augmented reality
(AR), VR, facial recognition, and more [9].

Roh et al. presented a gamification interface for bolt-tightening work in the automo-
tive industry, on the assembly line to be precise. Experimental settings were created to
test the potential of making a repetitive task of bolt -tightening into a game with short-,
medium -, and long-term goals, progress, score, and audievisual feedback. The conducted
study was limited due to the low number of participants [ 10].

Korn et al. proposed three designs for an application in the automotive industry. Dif-
ferent colors were assigned to the work processes based on the speed of task completion
and if any errors occurred. Green-colored processes were completed faster than usualand
slowly finished processes were yellow, orange, or red based on the amount of time. Errors
were assigned to red color and may lead to the removal of visual items. Out of three tested
visual designs, namely Tetris, circles, and pyramid, the pyramid on e was most preferred
by the testers [11].

29



Novus Scientia 2025

system offers visual management, employee and team ranking, and displays the infor-
mation needed by each employee, such as which activities they will perform, on which
site, and with which team [12].

3. Created scenarios

This paper presents 2 scenarios implementing gamification elements and design pro-
posals to further improve gamification and the experience as a whole. Simulations were
created for VR using Unreal Engine 5. Because the existing equipment such as robots and
/ +" UwEOOz OwoOi i 1T UwEQawPEA WOl wbOx Ol 01 OUPOT wi E
custom scenarios which will be shown in this chapter. Simulation games are the simplest
and most effective ways of teaching users new skills or concepts. Emergency scenarios are
hard to mentally visualize because nothing can replace real experience. Because emer-
gency scenarios may occur it is important to teach how to react in these situations. Teach-
ing new concepts and technologies is also important and beneficial not only in the univer-
sity environment but also in professional work environments. 3D printing technology is
used everywhere in industry a nd because of this, it was proposed to create the simulation
of 3D printer assembly.

3.1.Virtual warehouse

The first example is a VR simulation of an emergency inside the virtual warehouse.
The simulation was created as a safety simulation for new employees to teach them how
to behave in emergencies. The simulation starts in the warehouse where users will famil-
iarize themselves with the environment and the contro Is. As shown in Figure 1 the envi-
ronment looks very detailed with high -quality models and textures. The first objective of
the simulation is to put on safety equipment such as a safety vest, helmet, and safety
gloves. After putting on the equipment the playful sound plays, and the scene fades to
black. After a second the user will see clearly again. This transition ensures the proper
load of the next event which is fire. Fire will start in the warehouse and the user needs to
find it and put it out. Fire extinguishers need to be picked up and used to put o ut fires. To
simply find the fire extinguisher its texture is gently blinking yellow. After picking up the
texture returns to normal. If the user is unable to put out fire in the set amount of time it
gets bigger, and the user needs to run into the exit and escape. The last scenario of the
simulation is the electrocution emergency. In this scenario, the male character walks near
the water dispenser with loose cables next to it. He gets electrocuted and the user needs
to shut down the power via the main power switch . The main power switch is also gently
blinking for better visibility.

In terms of gamification, this simulation offers a basic adventure with 3 quests to
complete. In Figure 2 all stages of simulation are displayed. Because this example was
OEDOOawlUl EWEVUWEwWUDOUOEUPOOWDUWEOD]I UOz UwOI 11
has hints to lead the user like blinking textures of the fire extinguisher and the main power
switch. Another important gamification element is a narrator that guides the user between
the different stages of the simulation. This simulation can be impr oved by implementing
a more robust quest system and timer for measuring the reaction speed of the user The
system for fire to spread was also proposed but was not finished in time. More scenarios
are proposed for the future such as identifying the electrical short circuits and fixing them,
water leaks, and earthquakes.
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Figure 2. Activities in the warehouse environment .

3.2 3D printer assembly

The second simulation is the simulation of 3D printer assembly. The 3D printer of
choice was Ender 3. The simulation consists of a table with the printer parts and the stand
on which the user will place the assembled parts of the printer as displayed in Figure 3.
The assembly system consists of a set of trigger volumes that are triggered when the part
enters it. The system will check if the part that enters the volume is the one that should be
connected to the first part and if it's true then the part will be con nected. Another trigger
volume is added to check for the correct orientation of the part for added realism. Every
time 2 parts are connected the number above the stand counts up.Figure 4 depicts the
process of assembly and the number above the stand.When the number reaches 20 the
assembled printer switches for the complete model that the user can pick up and check it

31



Novus Scientia 2025

from different angles. For added immersion, the assembly manual was added for the users
who are assembling the printer for the first time .

Gamification elements utilized are the counter and the gradual process of assembly
with interactable instructions included. The users can choose if they want to assemble the
printer by themselves or by following the assembly manual step by step. The simulation
is simple but has a lot of potential for improvement. In the future, it is planned to further
extend the capabilities of the simulation to simulate the control of the virtual printer, 3D
printing simulation with the ability to import custom Gcode, and  control of the real printer
via the simulation . In terms of gamification, it is planned to add multiple levels of simu-
lation and more options of approach. Also, the timers, achievements, and ranking system
are planned to improve user engagement.

Ender

Ender-3 3D Printer

\nstructions for assembly

Figure 3.3D printer in a virtual environment.

Figure 4. 3D printer assembly and the stand.

The possibilities for simulations and gamification are endless. Mechanical engineering
offers many possible implementations of gamification elements. From robotic arms,
PLCs, autonomous vehicles, safety management, and many more. Apart from imple-
menting new elements to existing simulations, the future simulations planned for testing
are gamified robotic arm programming with many different objectives and challenges.
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tions will be available in the environment in the form of texts and pictures. Integ ration
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4. Conclusions

Gamification is an interesting topic with many advantages and disadvantages. The
main advantages are interactive and realistic experiences in a safe virtual environment.
Many possible scenarios with different outcomes can be created for the user to try. The
points, progression, and achievement systems allow for competition and motivation for
the user to try different approaches to solve the problem and acquire new skills. The dis-
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concept that needs to be studied further and could greatly help i n many kinds of indus-
tries. Two gamified applications were proposed to show the potential use of gamification
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of the student group was conducted, and the response wasvery positive. Gamified simu-
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posed simulation cases contribute to a better understanding of gamification and simula-
tion technology.
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Abstract: Surface texturing of cutting tools has emerged as a sustainable approach to enhance ma-
chining performance, particularly in challenging applications such as turning heat -resistant super-
alloys. This study investigates the texturing of the CNMG 12 04 08-SMR 1105 cutting insert, a carbide
tool widely used for roughing Inconel 718 in aerospace machining. The research focuses on improv-
ing tool life, reducing friction, and enhancing the machined surface finish by creating micro -scale
patterns on the tool's rake and flank surfaces. Using advanced CAD modelling and laser processing,
three texture variants were designed: shallow holes, inclined grooves, and perpendicular grooves.
Key parameters, including coating thickness and texturing depth, were optimized based on confocal
microscopy and coating analysis. The textured patterns were carefully positioned to avoid compro-
mising the cutting -edge coating, which could reduce tool longevity. Prior studies highlight the po-
tential of solid lubricant retention in tex tured features to further enhance lubrication and thermal
management. The findings suggest that these textures can significantly improve tool durability and
machining efficiency while addressing sustainability goals. This work provides a foundation for
future experimental validation and the development of tailored texturing strategies for high -perfor-
mance machining applications.

Keywords: texturing, cutting insert, lubricating

1. Introduction

Turning is a widely utilized machining process that employs a single point cutting
tool on lathe machines to create circular geometries. Carbides, valued for their exceptional
toughness and thermo-chemical stability, are commonly used as cutting inserts in turning,
particularly at high speeds and feed rates.

Modern cutting tools often incorporate advanced materials with low thermal con-
ductivity and high melting points to enhance performance. However, elevated tempera-
tures and stresses in the turning zone can weaken the cutting edge, accelerating tool wear
and leading to poor surface finishes, especially in aerospace and automotive applications
[1].

The machining of sticky materials introduces additional challenges due to their poor
thermal conductivity, which results in excessive heat generation at the cutting zone. This
heat transfer to the cutting tool accelerates wear on both the crater and flankedges, further
compromising tool life and machining quality [2].

In recent years, surface texturing of cutting tools has emerged as a sustainable alter-
native to mitigate the negative impacts of conventional machining, as highlighted by nu-
merous researchers. This innovative technigue, a cornerstone of modern green manufa-
turing, involves modifying the structure of cutting tools | particularly the rake surface |
to improve their tribological performance [3].

Surface texturing reduces the friction coefficient at the tool-chip interface by mini-
mizing the contact area between the tool and chip during turning. This leads to reduced
material adhesion on the rake face and a decrease in cutting forces. The primary pupose
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of these engraved patterns is to ensure a continuous supply of fluid to the contact area,
enhancing performance and efficiency during the turning process [4].

To extend the lifespan of cutting tools, solid lubricants such as graphite, carbon nano-
tubes (CNTs), multi-P EOOI EWEEUEOOWOEOOUUETI Uwm, 6" - 3UAOW
OAEEI OUOWEDPUUOI PET wp, 025 AOwl 1 RET OOCEOWEOUOOW
are integrated into the recesses of textured tools. These lubricantfilled textured tools have
demonstrated significant improvements in turning performance [5,6].

91 wl DWEOB wWZA¢wi EEUPEEUI EwUI ROUUT Ewil UOOYI L
primary cutting force (tangential) by 6 ¢ 34% and an increase in wear resistance by 19015%
compared to conventional tools. These findings highlight the potential of textured tools
with solid lubricants to enhance cutting efficiency and durability.

Turning with patterned tools offers several advantages, including reduced friction,
lower cutting temperatures in the cutting zone, a smaller tool -chip contact area, decreased
tool wear, and enhanced surface finish of the machined material [8].

In a study conducted by Arulkirubakaran et al. [9], textured tools were employed for
turning Ti ¢ 6Alt 4V alloy, resulting in a significant improvement in the machined surface
finish. This enhancement was primarily attributed to the thermal softening of the w ork
material at high cutting speeds, which facilitated smoother machining.

2. Analysis of cutting insert

The CNMG 12 04 08SMR 1105 cutting insert from Sandvik Coromant was selected
for texturing the face and flank. This insert has a corner radius of 0.8 mm and is designed
for machining stainless steels and heatresistant superalloys. It was chosen after consllta-
tion with a partner company we collaborate with, which has extensive experience in ma-
chining for the aerospace industry and uses this insert for roughing Inconel 718.

The STEP format model of the insert, downloaded from the manufacturer's website,
was used as a basis for the texturing design. However, the model was simplified and fea-
tured a completely flat face surface. To accurately design the textured face, it was nees-
sary to approximate and remodel the face surface to match the actual insert.

To scan the face surface of thecutting insert, the ZEISS Smartproof 5 confocal micro-
scope was employed. Dimensions essential for modeling were subsequently obtained
from this scan, as shown in Figure 1, using the accompanying ZenCore software.

1O

Figure 1. Analysis of the dimensions of the cutting insert's face.
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One of the main purposes of texturing in the planned application is to ensure that the
structures created on the surface of the cutting insert improve the retention of an additive
containing tungsten disulfide nanoparticles (IF -6 24 Ad w31 PUwWEEBMIEdY | w E
emulsion fluid at approximately 1% concentration. The nanoparticles then form a lubri-
cating film on the surface of the cutting insert, which is expected to reduce friction, en-
hance the machined surface quality, and extend the tool's edge life.

The depth of the textured structures does not need to be excessively deep but must
penetrate the carbide substrate to ensure that the structures remain functional on the sur-
face even after the coating is worn.

It was therefore necessary to determine the coating thickness to appropriately select
the depth of the texturing. The cutting insert has a TiAIN coating applied via PVD tech-
nology. A laser calotest was performed, and an image was captured using Alicona In-
finiteFoxus. The distance between the red and green markers (Figure 2), indicating the
beginning and end of the coated layer, was measured.

311 wEOGEUDPOT wUI PEOOI UUWPEUWExxUORPOEUI Oawy
tween 1.6t ws OwOOwWUT | wi OEQCOS w! EUI EwOOwWUT 1 Ul wdl EUL
PDOT OwUT 1T wOIl ROUUDPOT wETI xUT whPEUwWUTI OwOOwk ws 66
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i
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2300m | R
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Figure 2. Measurement of coating thickness on the face

3. Design of textured cutting insert

After studying articles on the texturing of cutting inserts, three different texture var-
iants for the face and back of the cutting insert were designed using the CAD system
SolidWorks 2024.

The first variant, shown in Figure 3, consists of shallow holes with a diameter of
KYws OwE OE wE wU x EAEddréing uoHe stirdy by ustigihara et al. [10], shape of
holes provides a sufficient lubricating layer on the tool surface, while dimple textures with
a small diameter exhibited greater friction reduction compared to larger dimples. Addi-
tionally, it features easy manufacturing and excellent oil retention capability. In all vari-
ants, the textured area is offset by 0.2 mm from the cutting edge to prevent the coating
near the edge from being compromised, which could adversely affect the tool's lifespan.
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Figure 3. Variant holes.

The next variant, shown on the left in Figure 4, features inclined grooves oriented at
EwKYSwWEOT Ol wOOwWUT | wi EEl WECEWEwWKKk SWEOT 01 wOOw
TUOOYI Uwl EY]l WEwWPDPEUT wOi wk YeuttridgurctkieEomotintingdE D OT
grooves creates a lower coefficient of friction compared to linear grooves and non-tex-
tured tools. Lower cutting forces, increased tool life, and reduced cutting temperature
were observed in these samples compared to nontextured tools [11].

The final variant, displayed on the right in Figure 4, consists of grooves perpendicu-
OEUwUOwWUT 1 wEUVODUDOT wi ETT OwbpbPUT WEWPPEUT wodi whk
was chosen based on the minimum material removal diameter achievable with a laser,
approximately 10¢hul w4 O 6

\\\\\\\\\\\\\\\\\\\\\\\\\B&\\i\\i\‘\

Figure 4. Variant inclined and perpendicular grooves .

The initial design was intended as a grid pattern. However, according to research by
Tatsuya Sugihara and colleagues [12], grooves parallel to the cutting edge can serve as
initiation points for crack formation. This is because the friction force between t he tool's
rake surface and the machined surface acts perpendicular to the groove direction, leading
to chipping.

All the parameters for the face and flank texturing of the cutting insert for each vari-
ant are summarized in Table 1.
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Table 1. Texturing parameters.

. ) ) Offset from Size of tex-
Variant Width Spacing Depth )
cutting edge | tured area

I YY w4 3x2 mm

O

Holes 5054 0 | Yy Yw{ K wk
Perpendicular

buk ws| kYws| kws g | YYws| 3x2mm
grooves

Inclined grooves kYws| uYYuw kK wh

[@)

I YY w4 3x2 mm

For laser programming, each variant for the face and flank was exported separately
in the neutral DXF format. During the preparation process, all unnecessary lines were
removed, leaving only the shapes for texturing and the cutting -edge curve, which serves
as a reference. Figure 5 shows the texture design for the face and flank of the cutting insert
in DXF format.

Figure 5. Texture design for the face and flank of the cutting insert in DXF format .

4. Conclusions

This study highlights the promising potential of surface texturing to enhance the performance
of cutting tools in turning operations, particularly for challenging materials like Inconel 718. By in-
corporating textured patterns on the CNMG 12 04 08-SMR 1105 cutting insert, several advantages
can be achieved, including reduced friction, better retention of solid lubrican ts, and improved ther-
mal management. These improvements are expected to contribute to extended tool life, enhanced
surface quality of the machined material, and greater overall machining efficiency.

The analysis and design of three distinct texture variants demonstrate a methodical approach
to optimizing the tribological performance of cutting inserts. The careful consideration of coating
thickness, pattern geometry, and alignment relative to the cutting edge ensures the effectiveness
and durability of the texturing under real machining conditions.

Future work will explore the experimental validation of these designs to quantify their impact
on cutting forces, wear resistance, and surface finish. Additionally, the integration of solid lubricants
into textured patterns represents a valuable direction for further enhancing machining sustainabil-
ity and reducing the environmental impact of cutting operations.
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Use of modern techniques in evaluating the dimensions of
pressing made from dual -phase steel

* Correspondence: marek.buber@tuke.sk, Tel. +421 55 602 3519

Abstract: Industry using new procedures based on contactless techniquesof evaluating the press-
ings' shape as part of the Industry 4.0 concept. Springback evaluation is essential for checking final
shape of car body. Although the industry has been using photogrammetric techniques based on 2D
images for over ten years, 3D optical techniques based on surface scanning are used because of their
increased precision. The paper assessed cylindrical pressings with flat and hemispherical bottoms
constructed of dual-phase steel DP800 that had a thickness of 1.6 mm. The photogrammetric system
GOM Scan 1 was used to determine the thickness of the pressing part (cylinders).The thickness of
the scanned cylinder in relation to thickness obtained from simulation. The scanned object was com-
pared with surface from simulation of pressing with using constitution law | Vegter Lite yield law,
and Krupkowski hardening law as the results of numerical simulation in the PamStamp software.
The real pressed cups with a 50 mm diameter were pulled from a 90 mm blank using the Erichsen
14560 testing machine and lubricated with plastic foil. Comparison of thickness from simulation
with thickness from scanned data.

Keywords: flat and hemispherical bottomed cup, photogrammetry, 3D scanning, numerical simu-
lation, thickness comparison

1. Introduction

Sheet metal forming is used in the automobile industry to create many of the body
car parts. Stamping, also known as deep drawing, is one of the primary processes that
determines the pressings' final shape. The shape of pressings is therefore determined by
the formability of the material and process parameters, such as die geometry, friction,
blankholder force, brawbead force and location, etc. [1,2], which are the primary determi-
nants in deep drawing.

Industry 4.0 concept employs a range of measurement instruments and techniques
for product quality assurance. It is based on collecting digital data from the production to
ensure the quality of all processes. By using specialized equipment as scanners andoft-
ware for postprocessing digital data we know to convert physical models into CAD forms
[3,4]. When compared with typical contact coordinate measurements, intelligent auto-
mated contactless inspection equipment reduces inspection time while maintaining o ngo-
ing process quality monitoring [ 5,6]. By using triangulation to convert 2D digital photos
into spatial data, photogrammetric algorithms are able to reconstruct an object's surface
into a 3D object that closely matches the original in terms of dimensions [7,8]. Helle et al.
investigated the applicability of 3D scanners for quality control and reverse engineering.
They found that it is possible to control the quality of parts based on the obtained scan,
but in reverse engineering, the usability of the scanner is limited by the time required to
reconstruct the part. Helle et al. said that with simple parts, it is easier and less time-con-
suming to measure the part manually and construct it in a CAD system than to reconstruct
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an old part based on a scan [9].Mendricky [10] concentrated on a thorough examination
of the precision of object digitization using several scanners. He conducted the analysis
using the ATOS Il MV400 and RevScan laser scanners, examining the devices' perfor-
mance on complexly shaped parts outside of a lab setting. He discovered that the afore-
mentioned scanners may be used to verify the shape, size accuracy. The aim of the paper
is to evaluate the thicknesses of duatphase steel extrusions by comparing surfaces ob-
tained from simulation and surfaces obtained using an optical scanner. Then, the surface
obtained by optical scanning is used to evaluate the results of numerical simulation for
constitutive models of dual -phase steel.

2. Materials and methodology of experiment

2.1 Material andits properties

The article examined cylindrical pressings with flat and hemispherical bottoms pro-
duced of dual-phase steel DP800, with a thickness of 1.6 mm. Using the optical scanning
with GOM Scan 1 scanner, the thickness of the pressing was ascertained. These were con-
trasted with numerical simulation outcomes of PamStamp software when the material
was modeled using the Krupkowski hardening rule and the Vegter Lite yield law. On the
Erichen 14560 testing machine, actual cups (pressings) with a diameter of 50 mm were
deep pressed from a 90 mm blank and lubricated with plastic foil. The obtained data al-
lowed determining the thickness of the press made, the effect of stamping on the change
in thickness, and the deviations between the numerical simulation and the actual thick-
ness of thecup. Dual-phase steel DP800 was tested in experiments with thickness of 1.6
mm. The chemical composition of the steel is shown in Table 1. Mechanical properties,
shown in Table 2, were measured by standards ISO 68921 [11]], plastic strain ratios ac-
cording to standard ISO 10113 [L2] and strain-hardening exponent and strength constant
according to standard ISO 10250 [L3] within the range yield strength elongation -uniform
elongation.

Table 1. Chemical composition of dual phase steel DP800 [wt.%].

C max Si max Mn max P max S max Al total Cr+Mo max Nb+Ti max
0.170 0.3 2.000 0.050 0.010 0.0150.08 1.000 0.050
Table 2. Mechanical properties of dual phase steel DP800. (rolling dir.).
Property Rpo.2 Rm Ag Aso n K ro ras rso
[MPa] [MPa] [%6] [%6] [-] [MPa] [-] [-] [-]
Value 527 828 12.5 19.9 0.125 1219 0.873 0.907 0.979
Std. Dev. 3 2 0.5 0.5 0.001 3.4 0.028 0.022 0.030

Figure 1. Flat bottomed cup. Figure 2. Hemispherical bottomed cup.

Cups of 50 mm in diameter were deep drawn on Erichsen 145-60 testing machine.
Two types of cups ¢ flat bottomed and hemispherical (Fig. 1 and Fig. 2) + were deep drawn
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with blankholder force of 25 kN applied and lubricated by microten foil. Drawing die
diameter D4 was 54.8 mm, die radius rd 3 mm, punch diameter dp 50 mm, punch radius
rp 7 mm. Blank diameter Do was 90 mm, thus the drawing ratio D o/dp = 1.8.

2.2 Optical scanner GOM Scan 1

The method for evaluate the thickness of the cups was contactless scanning. The
GOM Scan 1 scanner (Fig. 3) was used to scan the cups with a measuring volume of MV
400. 3D models were then produced using the Zeiss Inspect Pro program (Fig. 4). With an
accuracy of 0.02 mm (acc. to VDI 2634 part 3.) [14], thelevice can scan 6 million points on
a 400x250 mm areaCups were positioned on a rotating table at the proper distance from
the scanner before the scanning. Reference points were sticked to the sample to assure the
correct overlap of the scans and precise placement of the scanned layers. Eight scans were
performed on each side (inside and outside) as the rotary table moved by 45 degrees.

sbox
95 @ W
B Criginsl sigrmers = 4 -

Figure 3. Photogrammetric system GOM Scan 1 MV40Q Figure 4. Data processing in ZEISS INSPECT Pro software

2.3 Numerical simulation
Vegter Lite yielding condition is described as follows:

L (1+/ )g 8+w2/ 1- /)%1gh+/2§élg

al510 2741 (1)

(1 1P +w.2/ (1-1)+1?

and Kupkows ki (Swift) hardening law:

Strue = K-Q. ot/ n) 2

PT 1 UDud, / E¢ WEUT wOENOU wE O E-juHmAedittenddlakion faotorOad 1 U U «
[-] is weight factor depending on material (steel or aluminum) and defining shear weight
EOEwx OEOI wOOUEDPOwPI BT i U0wnd U W @[ is Brifaidrnd O w |
K [MPa] is strength constant and n [-] is strain hardening exponent. It should be noted

that K and n are not the same for both hardening models.

Parameters of models were calculated using a MatWizard function on the base of
measured material properties as specified in Table 2. In the simulation, springback was
calculated after deep drawing process. Then, resulted surface was exported asa mesh
surface in STL file format. The stiffness constant ¢ can be determined from the record of
the bending force Fmax depending on the path of the bender xmax. With the assumed linear
course of the dependence, the stiffness constant ¢ will represent the direction d the
straight line indicated in the dependence.
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Surfaces from simulation were compared with scanned surface in software ZEISS
Inspect PRO. Both of cups were cut in half and measured manually by point micrometer
with accuracy 0.01mm.

3. Reached results and their evaluation

To verify the differences in the thickness of a cup-shaped cup of DP 800 sheet metal
with a flat and hemispherical bottom, a comparison of the surfaces obtained from simula-
tions in PamStamp software and surfaces created using the GomScan 1 scanner. It was
assumed that the scanned surface almost exactly matches the reatup. Thickness meas-
for the stamping with a flat bottom and in Fig. 8 - 10 for the cup with a hemispherical
bottom. Evaluated maximal and minimal deviation is sho wn in Table 4. The cup with a
flat bottom showed the smallest thickness in the middle area of the walls, namely in the
side walls 1.38mm for the scanned part (real cup) and 1.406mm for the simulation. In the
lower part of the cup, the walls were thickened to 1.94 mm for the scan (real cup) and
2.128 mm for the simulation of the influence of tangential stress in the flange during the
drawing of the blank. In both cases, the thickness change occurred in the same areaCup
with a hemispherical bottom were th inned in the area of the top of the hemisphere. In the
scanned part (realcup), the smallest thickness was in the area otthe top of the hemisphere
with a value of 0.9 mm and in the simulation 1.249 mm. In this case, the results were not
identical. The thickness values did not match either at the top of the cup or at the lower
part of the cup. The only place where the thickness change valuesmatch is the area where
the hemisphere transits into the cylindrical part of the cup. This thickness match can be
seen in the graph (Fig. 10).
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Table 3. Thickness comparison.

Scan (real pressed cup) Simulation - Vegter Lite/Krupkowski
Spherical cup Flatbottomed cup Spherical cup Flatbottomed cup
Max. thickness 2.06 1.94 2.129 2.128
Min. thickness 0.9 1.3 1.249 1.406
Max-Min 1.16 056 0.88 0.722

When comparing manually measured values to scanned and simulated ones. Simu-
lation reached a very good correlation of manually measured and scanned values of the
thickness of both cups. A higher difference was found for hemispherical bottomed cups
between manually measured and numerically simulated results. Thus further research
would be focused on the influence of yield surface on the thickness change of the cups
due to stressstrain state during the deep drawing process.

4. Conclusions

As part of the Industry 4.0 idea, 3D scanning is being used more and more in stamp-
ing factories to monitor the quality of the pressings due to its good automation potential
and quick data processing. In this study, the thickness of dual-phase steel pressings is
compared to the surface of pressings computed using numerical simulation of the deep
drawing process when cups with flat and hemispherical bottoms were drawn. The actual
surface was reachedby using 3D scanner GOM Scan 1.Vegter-lite constitutive equation
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with Krupkowski hardening law was used in simulation to describe the behavior of ma-
terials. The data examination could lead to the following conclusions:

Jwel 1 OWEOOXxEUDOT wlT 1 nditdned copobtalngd uding@he GOM 1 wi
Scan 1 scanner and the results of the simulation based on the Krupkowski mathematical
model, the results were demonstrably consistent in all parts. The thickness reached values
of 1.98 mm in the lower part of the cup and 1.38 mm in the flat top part of the cup. The
minimum thickness was in the area of the transition of the arcuate part to the cylindrical
surface and reached a value of 1.38 mm.

JweT I OWEOOXxEUDOT wOT 1T wUT P E ) thedimulatiorOdittutkel 1 wi
applied Krupkowski mathematical model did not match the real thickness of the cup ob-
tained by scanning. The thickness valuesduring the scan were 2.06 mm in the lower part
of the cup and 0.9 mm at the top, while the simulation assumed thickness values of 2.129
in the lower part and 1.124 at the top.

A good correlation was found between manually measured dimensions of thick-
nesses and thicknesses reached by the scanner.

For better correlation of results, it is necessary to perform simulation calculations on
multiple mathematical models and evaluate which of the models is most ideal for predict-
ing thickness changes during the forming of spherical surfaces.

Future research will focus on applying different combinations of hardening models
and yield conditions.
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Abstract: Mesenchymal stem cells (MSCs) represent a promising cell source for regenerative medi-
cine and tissue engineering due to their ability to differentiate into various lineages. In this study,
we successfully isolated chorionic mesenchymal stem cells (CMSCs) fom human placental tissue
and evaluated their differentiation potential under in vitro conditions. The CMSCs were cultured
and induced to differentiate into adipogenic, osteogenic, and chondrogenic lineages to confirm their
multipotency in our | aboratory settings. Morphological analysis revealed the characteristic spindle -
shaped appearance of CMSCs postseeding, along with the presence of elongated filopodia and
granular endoplasmic reticulum arranged in parallel rows within the cytoplasm, with t he nucleus
eccentrically located. These observations confirmed the identity of the isolated cells as MSCs. The
differentiation assays demonstrated the capability of CMSCs to form adipocytes, osteoblasts, and
chondrocytes under appropriate induction conditi ons. Our findings validate the differentiation po-
tential of CMSCs and their suitability for use in regenerative medicine and biomedical engineering
applications.

Keywords: stem cells, biocompatibility, differentiation

1. Introduction

Mesenchymal stem cells (MSCs) are multipotent progenitor cells with the potential
to differentiate into a variety of cell types, including adipocytes, chondrocytes, and osteo-
cytes[1] [2]. In 2006, MSCs were precisely characterized according to the International So-
ciety for Cell Therapy (ISCT), which established minimum criteria for defining human
mesenchymal stem cells, namely: adherence to plastic cultivation dishes, necessity of ex-
pression of markers CD73, CD90, CD105; they must not express CD45, CD34, CD14 or
CD11b, CD79a or CD19 and HLA-DR, and the necessity of differentiation under in vitro
conditions into adipocytes, chondrocytes and osteoblasts [3][4]. While mesenchymal stem
cells can be derived from various tissues such as bone marrow, adipose tissue, and umbil-
ical cord, chorionic mesenchymal stem cells (CMSCs) isolated from fetal membranes are
emerging as a compelling alternative due to their unique pr operties [5]. Unlike MSCs
sourced from invasive procedures, CMSCs are obtained from placental tissue, which is
typically discarded postpartum, thereby circumventing significant ethical controversies
associated with other stem cell sources. CMSCs exhibit a high proliferative capacity, im-
munomodulatory effects, and robust multipotency, enabling differentiation into adipo-
genic, chondrogenic, and osteogenic lineageq6] [7].

Adipocytes, chondrocytes, and osteocytes represent critical cellular phenotypes in
regenerative medicine and tissue engineering [8]. Adipocytes, derived through adipogenic
differentiation, are essential for studying metabolic disorders, such as obesity and diabe-
tes, and for developing cell-based therapies for soft tissue reconstruction [9]. Chondro-
cytes, generated via chondrogenic differentiation, form the cellular basis of cartilage, mak-
ing them invaluable in cartilage repair and regenerative strategies for conditions such as
osteoarthritis [10]. Osteocytes, arising from osteogenic differentiation, are fundamental to
bone tissue engineering and fracture repair, offering potential solutions for osteoporosis
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and other bone-related diseases. Understanding the differentiation of MSCs into these cell
types not only sheds light on their biological plasticity but also underscores their thera-
peutic potential in developing targeted regenerative treatments [11] [12] [13].

This study evaluates the differentiation potential of CMSCs under in vitro conditions
to confirm their adaptability in laboratory settings. Given their ability to differentiate into
multiple lineages and their non -invasive origin, CMSCs present significant promise in bi-
omedical engineering, particularly in developing cell -based therapies, tissue scaffolds, and
regenerative constructs for repairing damaged or diseased tissues[14] [15].

2. Materials and Methods
2.1. Isolation of CMSCs

Chorionic mesenchymal stem cells were isolated from the fetal chorion following a
planned pregnancy termination via caesarean sectionat Gynecology and obstetrics clinic,
H ospital AGEL Kosice-Saca The tissue was collected aseptically and transferred to chilled
DMEM with antibiotics (penicillin, streptomycin, and amphotericin B). The chorion was
separated from the amnion and fragmented into small pieces (0.5-1 cm). Cells were iso-
lated enzymatically using dispase Il (2.4 U/ml) for 10-15 minutes, followed by collagenase
I (1 mg/ml) for 90 minutes to digest the mesenchymal layer. After enzyme removal and
filtration, a single -cell suspension was obtained. The suspension was seeded in culture
i OEUOUWEUWKYYYwWEI OOUY¥EOYOwWEUOUUUIaE3a®OweQ ®E w
CO:2 atmosphere. Medium was changed 2-3 times a week, and once an 80% monolayer
was formed, cells were trypsinized.

2.2. Adipogenic differentiation

Adipogenic differentiation was tested after the second passage of chorionic stem
EIl OOUG w31 1 wgl OOUwPIT Ul wUI 1 ET EwE U wETedEpblg3tyreng a wo |
plates. A commercial "MSC Functional Identification Kit" (R&D Systems, USA) was used
for adip ogenic stimulation, containing hydrocortisone, indomethacin, and isobutylme-
thylxanthine. The differentiation medium was changed 2 -3 times per week. After two
weeks, morphological changes were observed, with the formation of lipid vacuoles. Oil
Red O staining was used to detect lipids. Samples were fixed in 10% formaldehyde,
washed, and stained with 0.5% Oil Red O. After washing, samples were incubated in 75%
glycerol.

2.3. Osteogenic differentiation

Osteogenic differentiation was tested after the second passage of chorionic stem cells.
"L, 2" 0wkl Ul wUT T El EWEVUWEWET OUPUA WOl wKE Y wk why Z
dium containing dexamethasone, ascorbic acid, and betaglycerophosphate was added,
using the same "MSC Functional Identification Kit" as in the previous step. Cells were
cultured in osteogenic medium for 14 days, with medium changes 2 -3 times per week.
After 14 days, calcium deposits were observed, and samples were stained using the \on
Kossa method. Samples were first fixed in 10% buffered formalin, followed by washing
and staining with a 5% silver nitrate solution for 30 minutes, then washed with distilled
water.

2 4. Chondrogenic differentiation

Chondrogenic differentiation was tested after the second passage of chorionic stem
El OOUBw", 2" Uwkl Ul wUI 1 El EWEVUWEOwWOXxUDPOEOWET OU
induction medium containing dexamethasone, ascorbate phosphate, proline, and insulin -
transferrin were added using the "Human MSC Functional Identification Kit" (R&D Sys-
tems, USA). After three weeks of incubation, the differentiated CMSCs were histochemi-
cally stained. The culture medium was aspirated, and samples were washed with PBS.
Cells were fixed in 4% paraformaldehyde for 5 minutes and then washed with distilled
water. The samples were stained for 30 minutes with a 1% Alcian Blue solution (Sigma,
USA), followed by washing with 0.1N hydrochloric acid.
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3. Results
3.1.Cultivation of in vitro CMSCs

The suspension of nucleated cells was enzymatically isolated from the fetal envelope
of the chorion. Cells were cultured in simulated physiological conditions in an incubator
environment. Cells that did not adhere to the culture surface even after three to four days
were aspirated. Adhered cells were characterized by high clonogenicity potential. Passage
of cells was performed after 70-80% monolayer formation. Figure 1 shows the observed
CMSCs on individual days of cultivation.

Figure 1. 4th Day (Left Image): Cells are more rounded with visible filopodia, showing early attachment and spreading.
Some are beginning to adhere to the surface 6th Day (Middle Image): By day six, cells are more spread out, with in-
creased confluence. Elongated shapes typical of mesenchymal stem cells start to appear, and some cells take on a spindle
shape.10th Day (Right Image): By day ten, cells show organized, elongated morphology with more spindle -shaped cells.
Growth is uniform, and cells are densely packed, indicating active proliferation.

3.2.Adipogenic differentiation

In suitable stimulating culture conditions of adipogenic medium, which contained
hydrocortisone, indomethacin and isobutylmethylxanthine, after the first passage,
CMSCs differentiated for two weeks into cells forming lipid vacuoles, which are charac-
teristic of adipocytes. After differentiation, CMSCs were stained with Oil red, which
stained lipid inclusions in the cytoplasm of cells orange. Lipid vacuoles typical for adipo-
cytes were detected in the preparation. Morphological changes in the cytoplasm of diff er-
entiated cells and the formation of vacuoles of neutral lipids, as well as the number of
smaller lipid granules, were observed. During adipogenic differentiation, there was a
change in phenotype and the expression of specific markers of adipogenesis, such as lip-
oprotein lipase, adiponectin, adipocyte protein -2 (AP2) and peroxisome proliferator -acti-
vated receptor (PPAR). Adipogenic differentiation of CMSCs cells is shown in Figure 2.
Stained with Oil Red and hematoxylin after the first passage, shows red -stained lipid
droplets, indicating adipocyte differentiation. The dark blue or purple areas represent cell
nuclei, stained with hematoxylin. The contrast between the red droplets and purple nuclei
highlights the differentiation process.
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Figure 2. Adipogenic differentiation .

3.3.0steogenic differentiation

The essence of osteogenic differentiation is a change in the extracellular environment
(ECM) and the formation of ECM mineralization. CMSCs that were cultured in an osteo-
genic induction solution containing dexamethazole, ascorbic acid, and beta-glycerol ph os-
phate showed the formation of calcium and phosphate -containing calcifications, which
are characteristic of differentiated osteoblasts. CMSCs that are osteogenically stimulated
produce alkaline phosphatase (ALP). The phenotype of osteogenically induced CM SCs
changes and they express osteogenic markers, ALP, osteocalcin, osteopontin (OSP), bone
sialoprotein and also bone morphological protein 2 (BMP2). Differentiated cells are in
ECM containing type | collagen, which further responds stimulatingly to calciu m deposi-
tion. CMSCs are characterized by a significant ability to differentiate into osteoblasts. The
observed osteogenic differentiation of CMSCs cells is shown in Figure 3. The black or dark
brown areas in the image indicate mineralized bone matrix, whic h is a hallmark of osteo-
genic differentiation. Von Kossa staining is used to detect the presence of calcium phos-
phate deposits, typically seen in osteocytes or osteoblasts during the differentiation pro-
cess. These dark areas represent the areas where theelts have deposited mineralized ex-
tracellular matrix, a key feature of osteogenesis. The cells appear to be clustered around
the mineralized regions, suggesting that these CMSCs have begun differentiating into os-
teoblast-like cells capable of producing min eralized matrix.
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Figure 3. Osteogenic differentiation .

3.4.Chondrogenic differentiation

CMSCs were cultured in chondrogenic stimulation medium containing dexame-
thasone, ascorbate phosphate, proline and insulintransferrin. After two weeks, the for-
mation of a proteoglycan matrix was observed in the culture, which was also confirmed
by histological staining with alcian blue. After the first week of differentiation, CMSCs
were elongated in shape with a prominent nucleus and endoplasmic reticulum in the cy-
toplasm. During differentiation, genes encoding the proteoglycan aggrecan, collagen |,
collagen X, collagen Xl, as well as elastin, are activated. CMSCs observed during chondro-
genic differentiation had the ability to differentiate into the chondro -lineage, through
proven extracellular matrix formation. In Fig ure 4 shows chondrogenic differentiation af-
ter the first passage Alcian blue stains the GAGs in the extracellular matrix of differenti-
ated chondrocytes. The regions where the cells have accumulated these GAGs appear
blue. The cells undergoing chondrogenic differentiation are organized in clust ers, with a
cartilaginous -like matrix around the cells. This matrix is rich in sulfated proteoglycans,
such as aggrecan, which are stained by Alcian blue. The presence of intense blue staining
indicates successful chondrogenic differentiation, as the accunulation of GAGs is essen-
tial for the development of cartilage tissue. If some areas are less stained or lighter, it may
indicate earlier stages of differentiation, with less cartilage matrix formed .
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Figure 4. Chondrogenic differentiation .

4. Discussion

In this study, we successfully demonstrated the differentiation potential of chorionic
mesenchymal stem cells (CMSCs) derived from donated placental tissue, anethically un-
burdened and discarded source. By isolating CMSCs from placental tissue, which would
otherwise be discarded, we have found a sustainable and ethical method to obtain stem
cells with multilineage differentiation potential. Using our in  -house protocols, we induced
adipogenic, osteogenic, and chondrogenic differentiation. Oil Red O staining revealed the
formation of lipid droplets, confirming adipogenic differentiation, while Von Kossa stain-
ing highlighted calcium phosphate deposits, marking succes sful osteogenesis. These re-
sults underscore the ability to differentiate CMSCs into adipocytes , osteoblasts,and chon-
drocytes using placental tissue as an accessible and ethical source of stem cells. Moreover,
CMSCs can serve as a valuable tool for biocompatibility testing of various biomaterial
scaffolds [5] [16], offering promising applications in tissue regeneration within the field of
biomedical engineering. By utilizing placental tissue in this way, we contribute to advanc-
ing both ethical stem cell research and tissue engineering applications, fostering sustain-
able practices for the development of regenerative therapies.
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Abstract: lon engines represent a progressive type of propulsion that is currently widely applied in
the space industry. In the conditions of gravitational interaction, the use of similar effectors is only
rarely present. An ion engine that uses the Biefeld-Brown effect facilitates the formation of electri-
cally charged particles which transfer their own mobility to the surrounding electroneutral particles
while the asymmetric electrodes are exposed to high directcurrent voltage. The purpose of the pre-
sentarticle is to analyse the issues related to the application of ion engines in the conditions of grav-
itational interaction, including their design sand mechanism of action. In the experimental section,
the verification of the device functionality is presented and the efficiency of this type of propulsion
is quantified.

Keywords: electrohydrodynamic propulsion; ionic wind; corona discharge

1. Introduction

Progress in the field of energy systems and energy storage methods, as well as efforts
aimed at increasing the energy utilisation efficiency, entails the progress in all of the re-
lated fields, i.e. energy production, storage and utilisation. Development of methods for
better energy utilisation has caused that the systems which were not expected to be appli-
cable in terrestrial conditions a few decades ago ae now being gradually brought into
use. Such technologies nowalso include those that are based onthe use of the Biefeld-
Brown effect, observed for the first time in 1920 [1].

The principle of the Biefeld -Brown effect is based on the formation of electrically
charged particles that subsequently move from the emitter to the collector with the oppo-
site charge. Such a movement of ionised particles produces a thrust.

In the early stage of the development of that technology, the generated thrust pro-
duced only a negligible amount of kinetic energy relative to the weight of the whole equip-
ment [2]. Therefore, the engines based on the use of astream of ionised particle s for the
production of kinetic energy were only used in the exploration of the cosmic space.

Their main advantage, compared to conventional propulsion units, was their ability
to produce a thrust for a much longer period o f time, albeit of a small magnitude. Space-
crafts may thus achieve higher speedsin the long run. The key advantage is thetemporal
effect of the acting force, expressé through a force impulse, which is a few orders higher
than the one achieved with the use of conventional propulsion.

The use of thosepropulsion technologies is also appropriate for the cosmic space
since they primarily use the electric energy that is easy to produce andonly small quanti-
ties of propulsion media, i.e. inert gases or mixture thereof, which is not the case in the
conventional chemical propulsion. They thus contribute to a significant reduction of take -
off weight s, which brings a notable cost reduction.
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Progress in material sciences, development of novel alloys, ultra-light materials, en-
ergy storage systems and related software and hardware facilitated achieving a significant
reduction of the weights of propulsion units, which are currently so low that the thrust
produced in ion engines generates kinetic energy inthe quantity that is sufficient for the
equipment to move in the conditions of gravitational interaction. Low noise emissions of
EHD propellers represent anadvantage especially in the field of unmanned aircraft pro-
pulsion.

2. Physical description of EHD propulsion processes

A corona discharge typically occurs at voltages lower than the breakdown voltage.
A corona discharge occurs at pressures above 1,000 Pa, and its occurrence significantly
depends on the shapes of the electrodest a small curvature radius of an electrode is a
precondition for the formation of an inhomogeneous electric field [3].

The value of the electric field around a coronating electrode must be higher than its
critical value. While multiple empirical equations have been developed for the approxi-
mation of that critical value, the best-OOOP Qw OOl whbUw/ 1 1 Oz UwOdab wb E
tions:

O obupmdBm IOp —— EEAI (1)

o—

wherein ma is the factor determined by the quality and cleanness of the coronating
electrode surface (1);4 is the correction factor determined by the ambient pressure and
temperature (1); and De is the diameter of the emitter conductor (cm) [23].

With regard to a continuous power supply during the operation, a constant value of
the electric charge between the plates of the asymmetrical capacitor was applied. The law
of conservation of charge indicates the following:

o — 1 Jd )

wherein N is the divergence (1);0/B UwUT 1T wEUUUI QUWET OUDYQisix | U
U1 wl 01 EOUPEWET EUT | wET amiiatime sU wUGBUEUT wol Ul

In the case that direct current is applied to the clips of the asymmetrical capacitor, the
time gradient of the current density is zero:

— T (3)
As a result, the following equation applies:
ol m (4)

The current density per square meter changes due to the effects of the drift velocity
* 20 of the charged particles, the effects of the velocity of the medium flowing through
the asymmetrical capacitor ” Q) , as well as the effects of the diffusion velocity OO
" of the charged patrticles. Provided that cations are expelled from the ionisation zone
to the ion drift zone by the coronating electrode, a current density per square meter that
is present in any of the crosssections of that zone, perpendicular to the 'O vector, is as
follows:
of * O 0" ®» ©0O” !'Jd (5)
wherein 4m is the electrical mobility (m 2 ¢ 3¢-U %o is the volume charge density
" HOOPUwWUT T wi O1 EYd i U8 11 QUEDU DA w i -1 ént Dui¥ thed O E B
EDI T UUPOOWUEUT woOi wld.l wel EUT T EwxEUUDEOI Uwpld¢
The drift velocity of the charged particles in a homogeneous electric field is as fol-
lows:
of * 01 O (6)
If, for simplification purposes, a homogeneous electric field is taken into considera-
tion, the following equation applies:

0 - 64 ™
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wherein U is the difference in electrode potentials (V) and d is the inter-electrode
distance (m).
Subsequently, the volume charge density may be expressed as follows:

" °) y
20 20 #J (8)

The magnitude of the Lorentz force acting on a charged particle in an electromagnetic

field, consisting of the contributions of the electric 13 30 and magnetic o0 6 fields,

is as follows:
"O AJ0 Ao0f 6 . 9)
wherein qis the electric charge of the particle in the electromagnetic field (C); Ulis

Ul wbOUUEOUEOI OUUwY I &CakddUsithe Géagusild fitldl ) EUUDE OI w
While neglecting the contribution of the magnetic field, and after dividing both sides

of the equation by the volume value, the resulting equation for calculating a magnitude

of the force per one volume unit is as follows:

b " 0o .Jd (20)

The resulting electrohydrodynamic force is then calculated using the following equa-
tion:

0 LMo T 0BG, —=0b = . (11)

The3 OpPUI OEzUwl OxDPUPEEOwWI GUEUPOOWDOEPEEUI Uw
the inter-electrode space is a function of the difference between electrode potentials:

0 #3Y2YY Y ! (12)

Pi T Ul POw" wPbUwWEWEOOUUEOUWET Ul yABLrlie koltegaan U1 |
a current | (V); and Uo is the corona-starting voltage (V).

After substituting the relevant variables in the equation, the resulting equation for

calculating the magnitude of the electrohydrodynamic force is as follows:

0 20 0 (13)

For each electrode set geometry (at a given interelectrode distance), the C constant
is typically determined through experiments. With an identical voltage above the critical
voltage, an identical inter -electrode distance, and an identical diameter of the coronating
electrodes, the value of electrical current flowing between them is proportional to their
lengths.

As mentioned above, those charge carriers exhibit a drift and diffusion in the formed
electrical field.

Mobility of electrons in the airis ecI i B 30O ,while mobility of

ions in the air is * Pl B D .

The values of electrical mobility indicate that heavier nitrogen ions exhibit lower mo-
bility than that of electrons; however, with a positive corona, they remain in the plasma
zone surrounding the coronating electrode. When the corona is negative, and with an as-
sumption that the electron drift is the key mechanism of propulsion, the resulting magni-
tude of the electrohydrodynamic force is as follows, provided that the electric current

flowing between the electrodes is 1.5 mA:
"0 — 2222 x@upm. (14)

Therefore, the force observed on the asymmetrical capacitor cannot be explained by
the electron drift, not even with a negative corona.
Nevertheless, an ion mobility value is directly proportional to the magnitude of the

electrohydrodynamic force, and thus the following equation applies when the . ion
drift is taken into account:
0 i 83803 e ™ O (15)

The aforesaid statements clearly indicate that the notable propulsion effect in electro-
hydrodynamic propellers is attributable to an ion drift [4 {8].
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3. Test equipment design

The practical application of the Biefeld -Brown effect requires the use of a complex set
of devices. It was necessary to design and construct a Greinacher voltage doubler, a two
stage Cockcroft-Walton voltage multiplier, as well as propulsors in multiple versions.

The high voltage power supply (HVPS) topologically represent s a half-bridge circuit.
The PWM TL494CN gate driver was used as an exciter; its fixed exciter frequency was
22 kHz and the duty cycles were changed within an interval of 2 + 15%. The output voltage
pf the HVPS was regulated using a regulating autotransformer. comparators. The maxi-
mum output voltage of the HVPS was 15 kV .

However, the voltage required was much higher sothe simplest solution was to en-
gage voltage multiplier st a Greinacher voltage doubler and atwo-stage Cockroft-Walton
multiplier, both of which are intended to be immersed in electrical insulati ng oil. The max-
imum output voltage of the Greinacher voltage doubler, as indicate d by its name, was 30
kV. The maximum output voltage of the Cockroft -Walton voltage multiplier was 60 kV.
Since the formation of a corona discharge was the desired outcome,the electric current
used amounted to fractions or units of mA . Consequently, the formation of waves and a
decrease in the output voltage in both multipliers was neglected .

The value of breakdown electric current was modified using a net of resistors with a

The designed and constructed equipment for measuring the quantitative parameters
of propulsion included a high-voltage DC voltmeter based on a voltage divider and a
preparation facilitating the measurement of high-frequency HV and a DC milliampere
meter. The measurementequipment is shown in Figure 1.

Figure 1. Measurement equipment with an EHD propeller.

Testing of the functionality of the prototypes was facilitated thanks to the designs of
the devicest the effectors, which were constructed in two different designs variants (Fig-
ure 2). The variants were represented by the propellers that were fixedly attached and
accelerated the flow of the medium.

The functionality of the individual versions of the medium accelerators, as well as
their individual variants, was verified by gradually increasing the distance between the
electrodes and simultaneously by proportionally increasing the inter -electrode potentials
until the breakdown voltage was reached. The output velocity of the accelerated medium
was identified using the UT363S propeller anemometer.

The first system tested was an emitter-collector system of the first Type with a corona
electrode conductor diameter of 0.08 mm (Wreai1, Preaiz). Subsequently, the same system was
tested with a corona electrode conductor diameter of 0.15 mm (Wreai2, Preai2). Last, the Type
2 emitter-collector system was tested (vreas, Preais). The output velocities of the accelerated
medium as well as their corresponding performances are shown in Figure 3.
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Figure 2. Individual versions of the one -stage medium accelerators wherein: (a) System of the
emitter and the Type 1 collector; (b) System of the emitter and the Type 2 collector.
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Figure 3. Graphical representation of the effect of the inter -electrode distance on the output veloc-
ity of the accelerated medium and the real performance values.

The dependence of the output medium velocity on the inter -electrode potential at a
constant inter-electrode distance of 30 mm was investigated for emitter and Type 1 collec-
tor with a corona conductor diameter of 0.08 mm. The effect of the magnitude of the elec-
tric current flowing between the electrodes as a function of the inter -electrode potential
was then investigated at an identical inter -electrode distance. The dat are shown in Fig-

ure 4.
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Figure 4. Graphical representation of the effect of the inter-electrode potential on the output veloc-
ity of the accelerated medium and the electric current.
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4. Conclusions

The conducted experiments revealed asignificant effect of the diameter of the emitter
conductor in the asymmetric capacitor. As the diameter increased, theinter-electrode po-
tential required for achieving a critical intensity of the surrounding electric field also in-
creased. As a result, the corona dischargenitiation voltage was shifted towards higher
potentials.

The effective length of the electrodes proved to be a factor affecting the current flow
between the emitter and the collector. As the effective length of the electrodes increased,
the current density between the electrodes also increased.

The distance between the electrodeshad two opposite effects on the output velocity
of the accelerated medium. As the distance from the emitter increased, the gradient of the
electric potential decreased.A decreasing intensity of the electric field represented a dec-
rement in the magnitude of the force acting on the nearby located ions. An increase in the
inter -electrode distance also causedhat the volume of the polarisable air to increase, and
that resulted in a higher velocity of the accelerated medium.

The experiment confirmed that an increase in the inter-electrode potential contrib-
utes to the intensification of the ionisation process. As a result, the number of electric
charge carriers increased,which was manifested in an elevated current density between
the plates of the asymmetric capacitor, and thus the output velocity of the accelerated
medium exhibited an exponential increase.

The experimental measurements, performed with various arrangements of the elec-
trodes, revealed that the most beneficial arrangement was the one with the emitter and
the Type 1 collector with the 0.08 mm diameter of the emitter conductor. With this ar-
rangement, in the case of a onestage configuration and an inter-electrode distance of 8
mm, the maximum achieved velocity of the accelerated medium was 2.310 m'ld-1. With
the use of a coronating electrode conductor of the same diameter at an interelectrode
distance of 50 mm, the highest efficiency of 1.710% was achieved out of all the tested ar-
rangements.
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Abstract: The promising future of redox batteries comes with many hurdles to answer. One of them
is the optimization of the redox flow battery system hydromechanically, where the first step is to
experimentally determine the permeability values of the carbon felt electrodes. To obtain sufficient
experimental values, the design a reliable device is necessary. In this paper, the process to obtain
empirical permeability values of felt electrodes is reported.

Keywords: Felt electrode, vanadium redox flow battery, permeability, electrolyte,

1. Introduction

With the increasing emphasis on the generation of electricity from renewable sources,
there is a growing need to store and use this energy efficiently and in a timely manner,
ideally with the least environmental impact. In this context, redox flow batteries are com-
ing to the fore as a more environmentally friendly alternative to the prevailing lithium
batteries. Due to their nature, redox batteries are particularly suitable for static solutions
such as electrification systems, large capacity backup power sources and similar applica-
tions [2].

Redox flow batteries represent a promising technology for energy storage, especially
in renewable energy applications. One of the key elements of this technology is the car-
bon-felt electrodes through which the electrolyte flows and which also create the environ-
ment for electrochemical reactions. The permeability of the felt electrodes is an essential
parameter affecting the efficiency and performance of the battery.

Permeability determines the flow rate at which electrolyte can flow through the felt
electrode structure. This directly affects electrolyte distribution, electrochemical efficiency
and operating losses. Too much permeability of the electrolyte through the felt means an
inefficient electrochemical reaction, too little permeability means inefficient circulation of
the electrolyte. Thus, in both cases, unoptimized parameters lead to reduced efficiency of
the whole system.

31 El OPEEOwW4O0DPYI UUPUawOIi w* O] PEIT OuHuEEn&gw) Oa
are collaborating on the development of a redox battery. The battery has already success-
fully undergone primary development and a functional battery stack has been created.
Due to the need to optimize the system, a test rig has been developed to measure the
permeability of the felt electrodes and experimental measurements are currently being
prepared. So far, an initial experiment has been performed with demineralized water at
EOEDI OUwUI Ox1 UEUUUI wECEWEwWODP@UDEwWOI EPUOWUI O

Experimental detection of permeability is essential to accurately understand the in-
teraction between the electrolyte and the structure of the felt electrodes. The results of the
upcoming measurements will allow quantification of the Darcy permeability of t he felts.
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Subsequently, using flow analysis to simulate the pressure gradient under controlled fluid
flow through the system, it will be possible to optimize the system parameters, predict the
behavior of the system at different compression levels, different temperature conditions,
and optimize both the compression and material of the electrodes.

The present paper deals with the description of the proposed test rig for compression
measurement and the description of the planned experiments.

2. Planning the experiment

The device for measuring the permeability of nonwoven fabrics (felt electrodes) shall
be resistant to acidic environments, including the electrolyte which are vanadium and
sulfuric acid (V + H2SQu) used in the VRFB (Vanadium Redox Flow battery). The device
allows accurate permeability values to be obtained directly from the media with which
the felt electrodes will be in contact. Permeability values for felts can also be obtained
using demineralized water, but the permeability itself may be affected by para meters that
are not considered when calculating Darcy permeability values. These parameters are the
absence of chemical reactions, surface tension and differential wettability. Therefore, the
ability to withstand acidic environments provides the device wit h a significant advantage,
allowing permeability values for different liquids to be compared, leading to more accu-
rate results when using Flow Analysis.

Compression of the felt electrodes is desirable in terms of electrochemical properties,
but undesirable due to hydrodynamic parameters. The data obtained will allow to find
the optimum solution to achieve maximum performance with minimum load on the de-
vice. Thus, the experimental determination of the permeability of carbon felt electrodes
becomes a key step for the optimization of electrolyte flow in redox batteries. The combi-
nation of measurements and computational flow analyses will allow the design of mo re
efficient battery systems, which are essential for reliable and economical energy storage.
This knowledge is also needed for further development and commercialization of this
technology.

VRFB work on the basis of interactions between negolite and posolite, which have
different densities in different oxidation states, hence there is also a change in the flow
rate in the felt electrodes. The experiments are to investigate the permeability of the felt
electrodes at different values of compression and temperature for several liquid media
and for several types of felts from different manufacturers.

3T 1T whOUOPOT wUI Ox1 UEUUUT woi wdy 9 "wdu 04! TuwddxuipeX
x] UEOUUT wPUwt kS"dw2DOET wUT T Ul wbUwdOOwodI 1 EwlO
draw), the operating temperature can be close to ambient temperature. Increasing the ten-
perature under load changes the viscosity of the liquid medium, which affects the flow
through the felt.

Based on a study [1] which deals with the reduction of electrical resistance in felt
electrodes in VRFB's when they are compressed, measurements will be made in the com-
pression range of 20-40%. The compression of the felt electrodes reduces the electrical re-
sistance in the battery but deteriorates the permeability of the electrolyte, which is a neg-
ative consequence. [3][6] The aim is to find the most appropriate ratio of compression and
electrical resistance.

The structure of nonwoven felt electrodes can vary from the technological processes
used in their production. Four types of felt electrodes are in preparation from the manu-
facturers AvCarb and Thinkru.

3. Description of the device

The proposed device (Figure 1) for permeability testing of nonwoven felted fabrics
consists of a liquid medium tank, a pump, a flow meter, two pressure sensors, a cuvette,
power source and a heat exchanger. The pressuresensorsare located in front and behind
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the cuvette and they scan the pressure differences during the experiment. The heat ex-
changer stabilizes the required fluid temperatures in the circuit.

pressure sensor pressure sensor
after cuvette carbon felt electrode in the cuvette  before cuvette

D ==

) I

permeability measuring cuvette

YV

~

electrolyte
reservior

-
Ll

\

Figure 1. Experimental setup with piping and instrumentation diagram
The design of the cuvette is shown in Figure 2. The cuvette forms the location in

which the felted nonwoven fabric sample is placed and its shape modifies the flow of the
liquid medium so that it is evenly distributed over the entire sample volume.

carbon felt

Sealing Glass sheet

Aluminium

sheets .
PVC plate with

routings pipe itung
Figure 2. Design of the cuvette.

4, Description of the implementation of the experiments

A felt electrode is inserted into the cuvette, which is compressed to the desired compression
value after the cuvette is assembled. A pump is used to inject liquid into the system, the flow rate

62



Novus Scientia 2025

of which is controlled by the speed of the pump. The flow and pressure values are recorded during

the experiment. From the recorded values, a dependency for the given fluid , temperature, compres-
sion, felt type, system is obtained. A measurement called experiment zero was performed to cali-
brate the device. An example of the dependence obtained from experiment zero is shown in Figure

3.
CNT felt Sinotek, 4,5mm thickness 22% compression (3,5)
2
=0,0254x + 0,5338)
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Figure 3. Experiment: zero (Pressurel OOb wl UExT wEU
liquid medium: water) .
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The obtained values are mathematically processed using regression functions to cal-
culate the permeability value for a chosen felt and liquid medium. Figure 4 shows the
spreadsheet editor environment implementing the calculation of the necessary values.

flow L/min_|Flow m3/s P before [Bar] |P behind[Bar] {AP [Pa] reg. Poly2 reg.poly2 [Pa)] _
0,12 2,00004E-06| 0,08 8000 0,0642864 6428,64 -1,27201E-10
0,23 3,83341E-06| 0,12 12000 0,12393665 12393,665 -1,26461E-10|
0,41 6,83347E-06| 0,22 0 22000 0,22303385 22303,385 -1,25269E-10|
0,47| 7,B3345E-06| 0,25 0 25000 0,25647665 25647,665 -1,24E876E-10|
0.5 B,3335E-06| 0.28 0 28000 0,273275 273275 -1,24681E-10|
0,56 5,33352E-06| 0.3 o 30000 0,3070256 30702,56| -1,24292E-10|
0.,73[ 1,216659E-05 0.4 o 40000 0,40376665 40376,665 -1,23203E-10|
0,77 1,28336E-05 042 o 42000 0,42676865 42676,865 -1,2285E-10
0,865 1,4417E-05 0.47 o 47000 0481763913 48176,39125 -1,22352E-10|
0,95 1,58337E-05 0,52 o 52000 0,53140625 53140,625 -1,21822E-10
1| 0,000016667 0 0,5608 56080/ -1,21513E-10|
103 1,7167E-05 058 o 58000 0,57850465 57850465 -1,21328E-10
1,06 1,7667E-05 0,59 0| 59000 0,5962606 59626,06 -1,21143E-10
1,145| 1,50837E-05 0,64 0| 64000 0,646847713 6468477125 -1,20624E-10|
1,225| 2,04171E-05 0,685 0| 68500 0,694835313 69483,53125 -1,20139E-10|
1,35 2,25005E-05 0,75 0| 75000 0,77054625 77054,625 -1,19389E-10|
1,48 2,46672E-05 0,88 0| 88000 0,8502304 85023,04 -1,18615E-10|
1,48 2,46672E-05 0,84 0| 84000 0,8502304 85023,04 -1,18619E-10|
1,62 2,70005E-05 0,97 0 97000 0,8371214 93712,14| -1,17B01E-10|
1,78 2,96673E-05 105 0,005 104500 1,0377934 103779,34 -1,16879E-10|
1,93 3,20006E-05 114 0,05 109000 1,1270784 11270784 -1,16085E-10|
2| 0,000033334 0 1,1786 117860, -1,15636E-10|
2,09 3,4834E-05 125 0.01 124000 1,23699785 123699,785 -1,15135E-10|
24| 4,0000BE-05 143 0,01 142000 144168 144168, -1,13441E-10|
2,475| 4,12508E-05 149 0,01 148000 1492022813 149202,2813 -1,13039E-10|
2,57 4,2B342E-05 154 001 153000 1,55625065 155625,065 -1,12534E-10
AVERAGE= -1,20193E-10

Figure 4. Calculation of permeability values of experiment: zero.
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The regression functions use the modified Darcy equation to calculate the permeability. [ 4]

. 0°0
550 M)
k: permeability value (m 2?)

Q: volumetric flow rate (m %/s)

owEa POUEDBWDPUA wp/ EWUA

L: flow length (m)

A: cross-sectional area ()
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=A =4 =8 =4 -8

5. Conclusions

Once a sufficient number of experimental values have been obtained, it is possible to
establish a dependence of permeability and compression at different temperatures and for
specific types of felt electrodes. From these values, the permeability value is @lculated
using the modified Darcy equation for fluid flow through porous media. These values can
be inserted into a database of porous media in CFD (Computational Fluid Dynamics) pro-
grams to help analyze and uncover bottlenecks in the so far proposed battery geometry.
The proposed process will help to optimize the prototype to the state of well performing
product [5].
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Abstract: The fire safety of paper archive collections is extremely important in terms of the value
they hold. Despite the use of advanced methods to detect and extinguish fires in their early stages,
their occurrence still poses a threat to collections. An important element of their storage is the pack-
aging in which they are contained. The aim of this study is to evaluate four types of cardboards in
terms of their flammability and smoke emission based on their Limiting Oxygen Index (LOI), total
heat of combustion (Qrcg) and smoke density (Ds). Results revealed that LOI values of cardboards
are slightly higher than for standard cardboards, which suggests their lower flammability. Similar
findings were obtained for the Q rcsvalues, which were 30 % lower for studied cardboards compar-
ing to traditional cardboard. Smoke density tests revealed that when the ignition of cardboards take
place, the maximum values of smoke density (Dsmax) are significantly lower comparing to flameless
decomposition.

Keywords: fire safety; archives; cardboard; flammability; smoke density

1. Introduction

Ensuring the safety of collections in the event of building disasters is one of the issues
facing archives around the world. Although one of the more common problems is damp-
ness and flooding of collections, ensuring fire safety also remains an issue that requires
constant monitoring.

One of the greatestfires with enormous losses was a post-fire of the National Person-
nel Records Center in 1973 in Overland, Missouri. The fire destroyed ca. 1618 million of
military personnel records [1]. Another case of a postfire whose effects are still being re-
paired and remedied is the Fire at the Cracow City Archives in 2021 in Poland. The fire
destroyed 20 00 running meters of documents [2].

Both paper and cardboard boxes in which important archival documents are stored
must meet a number of requirements contained in ISO 9706:1994 Information and docu-
mentation - Paper for documents - Requirements for permanence [3] or ISO 16245:2@3
Information and documentation - Boxes, file covers and other enclosures, made from cel-
lulosic materials, for storage of paper and parchment documents [4]. These standards de-
scribe requirements such as pH, alkaline reserve, oxidation resistance or tear resistance.

The aim of this study is to analyze the flammability and smoke emission of card-
boards used for storage of archival documents in terms of their Limiting Oxygen Index
(LQI), gross heat of combustion (Qecs) and smoke density (Ds), in order to assess their fire
safety.
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2. Materials and Methods

Four cardboards for the storage of archival documents were studied in terms of their
flammability and smoke emission.

LOI, defined as a minimum oxygen concentration, in the mixture of oxygen and ni-
trogen, at which the combustion of material is merely sustained [5], was defined with the
use of oxygen index apparatus (Fire Testing Technology, East Grinstead, UK) (Fig. 1).

Burner
&\. 3
Sample
Sample holder
| Mean
e

Figure 1. Scheme of a LOI apparatus. Source: own studies based offi6].

A total heat of combustion per unit mass (Q rcs) was measured with the use of oxygen
bomb calorimeter (PRECYZJA-BIT, Bydgoszcz, Poland) (Fig. 2). Specimens were com-
busted in air atmosphere at a pressure of 2 MPa.

Thermometer

/ Constant
Leads volume bomb

Sample

@—in platinum

crucible

Water bath A “,r‘.“ A Knife-edge
A A Al supports

Figure 2. Scheme of an oxygen bomb calorimeter. Source: own studies based offi7].
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Smoke density (Ds), measured by the attenuation of the light beam [8], was assessed
in the smoke density chamber (Sychta Laboratorium, Police, Poland) (Fig. 3). The meas-
urements were performed under 25 kW/m 2 heat flux with and without a pilot flame.

Photocell
Closed
test chamber

Light beam. Cone
radiator

\ Pilot

flame
Sample
Lamp system holder

Figure 3. Scheme of a smoke density chamber. Source: own studies based of®].

3. Results and discussion
3.1. Flammability

The LOI and Qrcsvalues of cardboards are presented in Table 1.

Table 1. LOI and Qrcsvalues of studied cardboards.

Cardboard LOI[VIV %] Qrcs[J/g]

1 22.4 13.642
2 22.8 13.848
3 23.8 13.238
4 23.6 14.163

All studied cardboards exhibit LOI higher than 21 V/V %, which allows to classify
them as self-extinguishing materials. The LOI values are found in the range of 22.4 VIV %
- 23.8 VIV %, and the differences between the values for individual cardboards are insig-
nificant. The highest LOI value, and therefore the lowest flammability, provides card-
board 3. The LOI values obtained are a few percent higher than for standard cellulose
paper (approx. 19 V/V %) [10,11], indicating the possibility of creating safer conditions in
the event of a fire.

As with the LOI results, the cartons differ slightly in their total heat of combustion
values. The lowest Qrcsvalue of 13.238 J/g was obtained for cadlboard 3. The Q-csvalues
obtained for the studied cardboards are approximately 30% lower than for the standard
cartons (18.48 J/gJ12], which also indicates their greater fire safety.

3.2 Smoke density

The Ds changes at a heat flux of 25 kW/n? for the measurement without and with a
pilot flame are presented in Figures 4 and 5, respectively.
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Figure 4. Changes of the specific optical density of smoke Ds in time at the heat flux of 25 kW/m 2
without a pilot flame.
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Figure 5. Changes of the specific optical density of smoke Ds in time at the heat flux of 25 kW/m 2
with a pilot flame.

Although the differences between the LOI and Q rcsvalues for the tested cadboard s
were not significant, much larger differences were observed for changes in Dsvalues. The
highest smoke emission was observed for cadboard 2 (when measured without pilot
flame) (Fig. 4) and for carton 3 (when measured with pilot flame) (Fig. 5).

Table 2. Smoke parameters of studied cardboards

Pilot flame Without With

Cardboard Ds @ D s max VOF4 |Time to ignition [s] Ds@ D s max VOF4
1 241.57 245.75 495.14 45 5.75 6.00 15.86
2 342.61 360.38 553.54 56 22.39 27.45 49.88
3 220.08 223.26 470.23 53 27.84 30.71 68.32
4 304.62 308.21 473.43 50 12.88 15.95 31.68

The obtained smoke parameters arepresented in Table 2. The B @ values, which
stand for the Ds value at the 4" minute of measurement, are very important in terms of
evacuation. The lowest values were obtained for cardboards 1 and 3, when measured
without pilot flame. The VOF4 is area under Ds curve during the first 4 minutes of meas-
urement was the lowest for cardboard 3. The obtained results suggest that cardboard 3
exhibits the greatest fire safety when flame combustion does not take place.

For the measurement with a pilot flame all materials undergo ignition, which
changed the smoke emission process. The ignition occurred the earliest for the cardboard
1. As can be seem from the results, lhe faster the studied material ignited, the lower the
smoke emission and the lower the values of Ds ), Ds maxand VOF4 were observed. The
safest cardboard when the flaming combustion takes place is the cardboard 1.
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4. Conclusions

Results revealed that LOI values of cardboards are slightly higher than for traditional
cardboards, which suggests their lower flammability. The highest LOI was obtained for
cardboard 3 (23.8 V/V %), which has the lowest flammability among other studied ma te-
rials.

Similar findings were obtained for the Q rcs values, which were ca. 30 % lower for
studied cardboards comparing to traditional ones. Again, cardboard 3 exhibited the high-
est fire safety level. The Q-csfor that cardboard was 13.238 J/g.

Smoke density tests revealed that when the ignition of cardboards take place, the
smoke density is significantly lower comparing to flameless decomposition. Cardboard 3,
which was assessed as exhibiting the greatest fire safety, emitted the lowest amountof
smoke. However, when the flaming combustion took place, it obtained the highest smoke
density parameters. The obtained results suggest that studied cardboards exhibit greater
fire safety level comparing to traditionally used cardboard. Hovewer, other me thods for
improving fare safety in archives, including fire protection systems, should be still ap-
plied.
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Abstract: The innovative technology of 3D printing of silicate materials, i.e. ceramic clay, concrete
mixtures, etc., has been becoming more significant in recent years due to its application in civil en-
gineering, mechanical engineering and general materials engineeing. Therefore, there is consider-
able development interest in this field of additive technologies. Several different techniques and
approaches to 3D printing of silicate materials are currently being developed. This article provides
a concise owrview of silicate materials suitable for 3D printing, focusing on paste silicate -based
materials. The paper also discusses the 3D printing technology for paste materials, highlighting
the challenges and opportunities associated with material properties and printability. Furthermore,
it introduces the advanced applications of 3D -printed silicate materials in fields such as construc-
tion, art and design, with an emphasis on their potential for sustainability and innovative construc-
tion practices.

Keywords: 3D printing ; silicate materials; ceramic clay; concrete

1. Introduction

Additive manufacturing (AM), also generally known as 3D printing is a technology
that enables the realization of products by selectively depositing material in successive
layers, applying each layer in predefined coordinates. This technology, which emerged in
the 1980s, has been widely adopted by various industries for the production of prototypes
and specialised products that cannot be efficiently produced by traditional manufacturing
methods or are not economically feasible by conventional processes [,2].

The layer-by-layer approach in AM offers significant advantages, including design
flexibility, material efficiency, and sustainability. Due to these benefits as well as advance-
ments in printing technologies and materials, various techniques and approaches for 3D
printing are currently being developed, also in the field of silicates [ 1].

The study by Chen Z. et al. (2019) summarized the advances in 3D printing of ceram-
ics and provided a historical overview of the related techniques [3]. Ricciotti L. et al, 2023,
in their study investigated the 3D printing of geopolymers in terms of manufacturing pro-
cess, printing needs, mixture formulation and material properties [ 4]. Witte's book (2022)
summarizes the knowledge of 3D clay printing, its applications in construction, and the
advantages of this technology in the manufacturing of bricks and other construction prod-
ucts [1]. Wolfs et al. (2018) investigated early age mechanical behavior of 3D printed con-
crete, comparing numerically obtained results with experiment [ 5]. Chan S. S. L. et al.
(2020) in their research explored the relationships between the volume fraction of solids
in clay paste inks, their rheological properties, and appropriate printing parameters [6].
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In the processing of silicate materials such as ceramic clay and concrete, additive
manufacturing (AM) is employed to achieve the desired shape. The layer-based process
significantly influences the material's final properties. Following the printing phase, the
material undergoes additional stages, such as drying and firing, as the printe d object
remains in a green state. These posprocessing steps induce shrinkage, which can alter
the material's characteristics. Therefore, precise control over these pocesses is essential to
maintain the integrity and performance of the final product [ 1].

2. Silicate materials used in 3D printing

Silicate materials are substances that contain silicateminerals, which are naturally
occurring compounds composed of silicon (Si) and oxygen (O), often with other elements
such as aluminum (Al), magnesium (Mg), calcium (Ca), sodium (Na), potassium (K), and
iron (Fe). Silicates are the most abundant minerals onEarth and form a significant part of
the Earth's crust. These materials can be natural or synthetic and are widely used in vari-
ous industries, such as construction, ceramics, glass manufacturing, electronics, aerospace
and medicine [7,8].

Silicate materials used in 3D printing include:

1 Cementitious materials and concrete

Concrete, as well as wood and steel, is one of the most widely used construction ma-
terials. Reactive powder concrete (RPC) is a kind of high performance and high strength
concrete mixture. It is composed of very fine powders, such as cement, quartz powder,
fine sand, silica fume and fly ash, along with a high -efficiency superplasticizer, and is
devoid of coarse aggregates P,9].

The application of 3D printing technology in concrete construction significantly im-
proves the architectural design of both the interior and exterior, while reducing the overall
cost of construction and improving the process of construction from months to a few days
[2,9].

1  Ceramic materials

In general terms, ceramics encompass a wide range of materials that are classified
between polymers and metals. They consist of a combination of metallic and non-metallic
elements, primarily oxides, silicates and other mineral compounds. Ceramic materials in-
clude clay, which is categorized as a silicate ceramic [,8].

The specific properties of ceramic materials depend on their chemical composition
and microstructure. Therefore, these materials can exhibit high heat resistance, favored
long term durability, high mechanical strength, and the ability to fluidize, which makes
them adoptable to various desired shapes prior to setting and hardening. Due to its prop-
erties, it is also used in the manufacturing of medical implants, artificial bones and teeth,
prosthetics, electrical conductors and insulators, and various craft components [2,8].

1  Soil-based materials

Soil-based materials are among the most sustainable and environmentally friendly
construction alternatives. Soil has been used as one of the oldest construction materials
for thousands of years, and many buildings made of soil have been preserved. It is most
used in the construction of adobe structures, low-cost houses or repair of degraded soil
structures [2].

3. 3D printing technology

The additive manufacturing of silicate -based materials has seen substantial progress
and increasing utilization over the past decades. Although a wide range of AM technolo-
gies are available, following specific methods are particularly suitable for silicate materi-
als:

1  Binder Jetting;
1 Powder Bed Fusion;
1  Material Extrusion (ME) [ 1,2].

71



Novus Scientia 2025

Each of these technologies has the potential to create fredormed objects, but they all
have different advantages, disadvantages, and areas of application In the case ofBinder
Jetting, this technology uses a powder-based material and a liquid binder, which acts as
an adhesive between layers.The Selective Laser Sintering (SLS}echnology from the Pow-
der Bed Fusion category uses a laser to sinter powder into a single threedimensional
shape. After each section is fused, the powder bed is lowered by one layer thickness and
a new layer is applied on top and the process is repeated until the object is completed
[1,10].

For 3D printing of clay -based materials such as ceramic clay and concrete, material
extrusion technology is the most suitable. The process of this additive technology works
on a similar principle to the known method of Fused Filament Fabrication (FFF), except
that the paste material is extruded at room temperature and solidified during printing by
evaporation of water or other solvents. In the Figure 1 can be seen a schematic of the ma-
terial extrusion technology [ 1,11].

Extrusion

deposited material,
width oblong cross-

sLectyv
Paste Evaporation l

\ (
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1))))))) \
[ AF 4 4 537 30\ 4 (‘
L &5 R Sl G O |
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Platform ki XV e

movement

Nozzle
circular
cross-section

Figure 1. Schematic of material extrusion [11].

The fundamental principle of 3D printing via material extrusion involves the precise
deposition of a material in its plastic state through a nozzle onto a platform , whereby the
path and extrusion are controlled by an initial G -code. The material is extruded through
the die of the nozzle with a circular or rectangular cross-section, and when deposited, it
adopts an oblong crosssection. The height of the layer is influenced by several factors
such as the viscosity of the material, the extrusion speed, the sged of the nozzle move-
ment and the width of the extruded line. Figure 2 shows schematics of the 3D printing
configuration of the paste material [ 1,2,11,12].
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Figure 2. Schematics of the 3D printing configuration of the paste material: (a) Side view: nozzle
height Hn~, diameter D, extrusion volumetric flux U, and printing speed V; (b) Front view: middle
layer height H and layer width W . [12].
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The main requirements for 3D printing of clay -based materials include accuracy,
speed, the ability to print free -form designs, and the capability to produce dense struc-
tures with high surface quality. Additionally, factors such as rheological properties, | ayer
stability, interlayer adhesion, and controlled drying behavior are crucial for ensuring
printability. The material must retain its shape after extrusion while allowing for precise
deposition of complex geometries [1,13].

Even application of the material is key to achieving the desired strength and con-
sistency of the printed object. In the case of 3D printing with materials such as concrete or
ceramic clay, it is also important to control the properties of the material itse If, such as its
rheological behaviour, to ensure good adhesion between layers.Figure 3 is a closeup of
the concrete filament during printing [ 1,2,7,11].

Figure 3. Close-up of concrete filament during printing [ 5].

Providing a well -optimised material mixture is essential to the success of the printing
process. This means ensuring appropriate rheological properties as well as green and
hardened strength. A determining role in the rheology and properties of the suspension
is also determined by the amount of water. The suspension should solidify and be pre-
vented from flowing smoothly after passing through the nozzle of the 3D printer. There-
fore, water should be added so that the slurry is neither too fluid nor too thick. The clay-
basedmaterial for 3D printing should exhibit easy extrudability, smooth flow, good build-
ability, mechanical strength, and appropriate setting time to ensure continuous paste flow
from the nozzle and facilitate rapid freeform construction [ 2,7,9,13].

This technology allows the creation of complex geometric shapes without the neces-
sity of moulds, and therefore the process requires precise control of extrusion speed, layer
adhesion and geometric accuracy toensure the structural integrity and dimensional sta-
bility of the printed object [ 1,5,7].

Despite significant advancements in this field, the technology still faces numerous
technical challenges, including printing process defects and improper material mixture.
These issues can lead to problems such as excessive pressure in the print head, nolez
clogging, or filament tearing. Additionally, factors such as air inclusions in the material,
asymmetric drying, loss of stability (elastic buckling, plastic collapse), and poor interlayer
adhesion can affect the quality of the printed object. Some printing defects are shown in
the Figure 4 [1,5,7].

73



Novus Scientia 2025

(©)

Figure 4. Visible 3D printing defects : (a) filament tearing ; (b) elastic buckling; (c) plastic collapse
[1,14].

4. Advanced applications of 3D printed structures

Since 1986, when C. Hull developed the first 3D printer using stereolithography
(SLA), 3D printing technology has rapidly expanded into many industries including man-
ufacturing, bioengineering, aerospace, automotive, art, food and confectionery design,
fashion, architecture and construction [ 2].

3D printing of silicate materials, ceramic clay, and concrete is also utilised in these
industries and adapted to their specific needs:

1  Civil Engineering and Architecture

Research into 3D printing of concrete has advanced significantly in recent years,
opening new possibilities for the construction industry. Given that the construction sector
is responsible for approximately 40% of global natural resource consumption, innov ations
in material efficiency and sustainability are crucial. 3D concrete printing offers a promis-
ing solution by reducing material waste, lowering labor costs, and enabling the rapid con-
struction of complex and customized structures. Figure 5 shows the first 3D-printed house
in basic components and the assembled on the site and the first structure printed in-situ

[1,12].

Figure 5. 3D printed buildings : (a) The first 3D-printed house in basic components and the assem-
bled on the site by WinSun Co. (Shanghai, China, 2014); (b) First structure printed in-situ and
printing progress [ 15,16].
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1  Artand Design

3D printing is used to create unique artistic sculptures, design elements, and archi-
tectural features with complex geometries that would be challenging to achieve using tra-
ditional methods. Designers utilize this technology for decorative panels, interior compo-
nents, lighting fixtures, furniture, vases, flowerpots and tiles ( Figure 6). This technology
opens new possibilities for personalization, sustainable design, and the fusion of tradi-
tional craftsmanship with advanced manufacturing techniques [ 6,13].
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Figure 6. 3D-printed decorative features: (a) gargoyle, a common feature in medieval architecture;
(b) modern brick featuring waves on exterior side ; (c) flowerpot [ 6,13].

1  Other fields

3D printing of silicate materials has wide applications in various other fields. In elec-
trical engineering, ceramic materials are applied in the production of insulators, sensors
and electronic components. It is also used in the manufacture of refractory and chemical
resistant components for industry. It is also possible to produce components such as
bench, acoustic damping wall element and other construction structures (Figure 7) [9].

(b) (©

Figure 7. Concrete components manufactured by 3D printing : (a) Wonder bench; (b) acoustic
damping wall element; (c) curved -layered construction component [9].

5. Conclusions

3D printing of silicate materials, particularly cementitious materials and clay -based
ceramics, shows tremendous potential in revolutionizing the construction, design, and
manufacturing sectors. Despite significant advancements, challenges persist, such ashe
impact of moisture, material density, curing dynamics, crack formation, adhesion issues,
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and loss of shape stability in printed layers. These problems highlight the need for contin-
ued research and optimization in material properties to ensure successful implementation
in real-world applications. As Ma et al. [9] have noted, achieving the ideal balance of ex-
trusion ability, setting time, fluidity, and mechanical strength in cementitious materials
remains a complex challenge that requires a deep understanding of material science and
engineering.

While there are several additive manufacturing technologies available, only specific
methods are suitable for clay-based ceramics and concrete, and a comprehensive under-
standing of the relationship between the printing process and the final properties of the
printed product is still under development.

On the other hand, the use of cementbasedmixtures for 3D printing has gained more
attention, likely due to their extensive application in modern architecture. Additionally,
clay-based materials provide significant environmental benefits, and their increased use
could promote more sustainable construction practices.

As research progresses, 3D printing with silicate materials has great potential for fur-
ther development and overcoming existing challenges, with associated advances in mate-
rial properties and printing techniques.
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Abstract: Burn injuries represent a significant medical challenge due to their severe physical and
psychological consequences. Accurate assessment and monitoring of burn wounds are crucial for
effective treatment and rehabilitation. This study evaluates the potentia | of 3D scanning technology
in burn injury management by comparing two devices: the high -end Artec Eva and the more afford-
able Revopoint Miraco 5. The study assessed key parameters, including accuracy, resolution, ease
of use, and costeffectiveness. Results indicate that while Artec Eva provides higher precision,
Revopoint Miraco 5 offers a practical, budget-friendly alternative with sufficient accuracy for clini-
cal applications. These findings highlight the potential of 3D scanning to improve wo und evalua-
tion, enhance treatment planning, and facilitate patient care.

Keywords: Artec Eva 1; Revopoint Miraco 5 2; burn injuries 3; 3D scanners 4

1. Introduction

Burn injuries represent a critical area of medical research due to their high incidence,
complexity, and potential for long -term disability. Each year, millions of people world-
wide suffer from burn -related trauma, with severe cases requiring extensive medical in-
tervention, including surgery, rehabilitation, and psychological support. The accurate
evaluation of burn severity and healing progress is essential for optimizing patient out-
comes, yet traditional assessment method¢ such as ruler-based measurementsand 2D
photography | often lack precision and consistency, leading to variability in clinical deci-
sion-making. [1-3]

Recent technological advancements have introduced 3D scanning as a promising tool
for medical imaging, allowing for more accurate and reproducible measurements of
wound surface area, volume, and topography. Studies have demonstrated the potential
of 3D imaging in various medical applications, including burn depth assessment, custom-
ized medical device production, and surgical planning. For example, 3D scanning has
been employed to improve the accuracy of scar evaluation and assist in the development
of patient-specific compression garments for burn rehabilitation. Furthermore, previous
research highlights the importance of objective, quantitative methods in burn assessment
to reduce inter-observer variability and enhance treatment planning.

Despite the benefits, the adoption of 3D scanning in clinical practice is often limited
by cost and accessibility. High-end scanners, such as the Artec Eva, provide superior ac-
curacy but may not be feasible for smaller clinics or resource-limited settings. More af-
fordable alternatives, such as the Revopoint Miraco 5, offer potential solutions but require
further evaluation to determine their effectiveness in burn wound analysis.

The objective of this study is to compare the performance of two 3D scanning de-
vices| the high-end Artec Eva and the budget-friendly Revopoint Miraco 5 | specifically
for burn injury assessment. The research aims to evaluate the accuracy, usability, and cost
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effectiveness of these devices to determine whether affordable 3D scanning solutions can
meet the needs of clinical and therapeutic applications. [4-6]

2. Materials and Methods

Through 3D scanning, it is possible to create precise digital models of burned areas
and monitor the dynamics of their healing over time. This technology enables objective
evaluation of the effectiveness of various therapeutic methods and contributes to optimiz-
ing the care of patients with severe burn injuries.

This article focuses on comparing two 3D scanners from different price categories:
the Artec Eva and the Revopoint Miraco 5. The Artec Eva is ahigh-end scanner used in a
wide range of fields, from medical applications to design and industrial manufacturing.

It operates on the principle of structured light and requires connection to a laptop or com-
puter for operation. Its main advantage is the ability to scan detailed objects, including
their surface textures. However, its primary drawback is its high cost. [7,8]

The Revopoint Miraco 5 belongs to the category of low-cost scanners. It uses blue
light technology, which is non -flickering and therefore suitable for use with patients who
have conditions such as epilepsy. Unlike the Artec Eva, this scanner does not require any
additional devi ces during scanning, as it is equipped with a touch screen. The scanned
model can be edited immediately after scanning. Similar to the Artec Eva, the Revopoint
Miraco 5 is capable of distinguishing colors and surface reliefs. [9]

The aim of this article is to compare the quality of surface structures in scans of
burned tissue, emphasizing the potential for using more affordable devices in medical
applications. This comparison seeks to evaluate whether accessible technologies can mat
the requirements of clinical and therapeutic practices.

2.2 Study Design

The study focused on comparing scans of a patient with grade lla-b burns covering
17% of the total body surface area (TBSA).The burns were caused by the patient being
scalded with boiling water in the areas of the face, neck, torso, and upper limbs.The scan-
ning process took place over 6 weeks from November 5" to December 12". Both scanners
were employed to capture the wound surface, and the acquired 3D models were pro-
ET UUI EwbOwUT 1 PUwWUIT Ux1 EUDYI wUOI UPEUI wxOEUI OU
37T wphOUOEzUwWUUUI EET WEUI EWPEUWEOOXxUUI EWEOEWE
Scans performed on the same patients and at the same time will be compared to eval-
uate the performance of the two scanners. The scanning process with both devices was
performed on the same day and underthe sameE OOEPUDPOOUOWDOEOQUEDOT
tion, the burned area being scanned, and the intensity of the room lighting.

2.3 Evaluation Criteria

1 Accuracy: Comparison of scanned surface area.

1  Resolution: Assessment of fine details captured by each scanner.

1 Ease of Use: Evaluation based on time required for scanning, software processing,
and operator feedback.

1 Cost-effectiveness: Comparison of device cost relative to performance.

3. Results
3.1 Accuracy and Resolution

The Artec Eva tends to produce scans with distorted or less accurate colors, which
can make precise colorbased analysis challenging (Figure 1). In contrast, the Revopoint
Miraco generates scans with colors that closely match the reatworld appearance of the
object (Figure 2). This makes it particularly advantageous when comparing scans based
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on color differences, such as distinguishing the boundaries between burned and healthy
tissue. The more accurate color representation provided by Revopoint Miraco ensures that
such contrasts are clearer and morevisible, enhancing the precision of evaluations.

Figure 1. Scans produced by Artec Eva, a) first day of monitoring the burned area (5.11.2024), b) follow-up monitoring
three days after the first scan (8.11.2024), c) scanf the burned area after one week (15.11.2024), d) scan form la
checkup, one month after injury (12.12.2024).

Figure 2. Scans produced byRevopoint Miraco 5, a) first day of monitoring the burned area (5.11.2024), b) followup
monitoring three days after first scan (8.11.2024), ¢) scan othe burned are after one week (15.11.2024), d) scan form
last checkup, one month after injury (12.12.2024).

To address the question of monitoring the healing process, we decided to measure
the distance between two selected points on the edges of the burnarea on the arm. The
distance of these points was determined for each scan, depending on the visibility of the
burn boundary (see Table 1). However, these values are only approximate, as it was not
possible to ensure the same positioning during each scan due tothe patient's discomfort.
The average size change on the scans for the Revopoint Miraco was 6.73 mm, ahfor the
Artec Eva, it was 5.01 mm.
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Table 1. Measured distance between two selected points on the edges of the burnarea.

Day Scanner Distance
Artec E 256,88
5.11.2024 Revo;circn I\\/I/?;aco 250,99 22
Artec E 246,24
8.11.2024 Revopr)oeiflt l\\/llia;aco 247,84 22
Artec E 251,96
15.11.2024 Revo;circn I\\/I/?;aco 237,45 22
Artec E 241,85
12.12.2024 Revopr)oeiflt l\\/llia;aco 230,80 22

3.2 Ease of Use

The Revopoint Miraco provides a more user-friendly scanning experience due to its
all-in-one design, which eliminates the need for external devices. It includes a built-in
touchscreen, enabling users to directly view the scanned object in reattime. In contrast,
the Artec Eva requires monitoring the scan on a separate computer or laptop, which can
complicate the process, especially fa larger surfaces. Scanning with the Artec Eva often
necessitates a second person to adjust or reposition the table with the laptop, and its cable
dependent setup restricts movement, making it less practical.

Additionally, the Artec Eva operates using a flashing light system, which is not suit-
able for scanning patients with epilepsy. On the other hand, the Revopoint Miraco uses
infrared structured light technology, which is less intrusive and safer for sensitiv e appli-
cations, including scanning individuals.

In summary, the Revopoint Miraco is designed for simplicity and portability, offering
a seamless scanning experience with fewer dependencies. In contrast, the Artec Eva, while
powerful, involves a more complex setup that may hinder its ease of use in certain sce-
narios.

3.3 Costeffectiveness

The Artec Eva is significantly more expensive, with a price exceeding 10y Y Y wz Owbp 1
the Revopoint Miraco is available for under 1 500z. The performance gap, while noticea-
ble, may not justify the higher cost for some applications, especially in budget -constrained
settings. [41 6]

4. Discussion

The results highlight the trade -O1 | UwET UP1 1 Ow0i 1 wUPOWET YPEI
sion and advanced software capabilities make it ideal for applications requiring high ac-
curacy, such as surgical planning or complex wound assessments. Conversely, the
Revopoint Miraco offers an accessible option for scenarios prioritizing portability and af-
fordability, albeit with a compromise in resolution and accuracy. When selecting a scanner
for burn wound assessment, clinicians should consider the specific requirements of their
practice. For high-volume clinical settings or research institutions, the investment in Artec
Eva may be justified. For fieldwork or smaller clinics, the Revopoint Miraco provides a
practical alternative.

Dimensional differences between individual scans can be significantly influenced by
the positioning of the scannedbody part. In the present study, the focus was on the left
shoulder, however, it was not possible to ensure identical arm height or the angle between
the arm and the examination table during each scan, as the patient experienced discomfort
and pain in certain positions. While discomfort and pain tend to decrease during the h eal-
ing process, future studies should aim to examine and compare multiple scans of different
burn severity levels and various body parts. For more precise comparisons, it would be
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beneficial to focus on areas such as the torso or lower limbs, where consistent positioning
can be maintained during each follow -up scan.

5. Conclusions

The integration of 3D scanning in burn wound assessment offers significant ad-
vantages, including enhanced accuracy in wound measurement, improved tracking of
healing progress, and better patient care. The study confirms that while high -end scanners
like Artec Eva provide superior precision, more affordable devices such as Revopoint
Miraco 5 can deliver clinically relevant results at a fraction of the cost. Future research
should further explore these technologies in diverse clinical settings to optimize their ap-
plication in burn treatment and rehabilitation.
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Abstract: This paper discusses monitoring Azure cloud infrastructure using an ELK stack (Elas-
ticsearch, Logstash, and Kibang. It describes the steps from setting up each component, creating a
pipeline, modifying the index template and its lifecycle, creating visualization elements for individ-
ual logs and metrics, along with the problems we encountered and the process for solving them. All
processed data are statistical data from a control system of container terminal model. To optimize
overhead crane operaions, data will be stored and analyzed on the Microsoft Azure cloud platform.
This data will enable the evaluation of crane control efficiency. To ensure the reliability of the de-
rived insights, robust data security measures must be implemented. The output of the work is a
comprehensive system for monitoring Azure infrastructure.

Keywords: Azure, ELK Stack, monitoring, overhead crane, metrics

1. Introduction

The container terminal model is used for verification of different types of bridge
crane control, data collection from sensors, detection of container distribution and meth-
ods of automated container loading and unloading system. The model of container term i-
nal is shown in figure 1. Statistical data such as the loading and unloading equipment
speed, the number of container transshipments, the detection of the number of containers
of the given carrier, etc. are sent to the database in the Azure cloud for processing. Simi-
larly, cloud services are already a common part of the operation of IT systems today,
mainly due to economic efficiency. In order to be able to use the benefits of operating a
database in the cloud, it is necessary to solve the issue of data ppcessing security, which
in our case includes quick detection of network intrusions, infrastructure monitoring is
very important, regardless of whether it is an on -premises or cloud solution. ( Ow U OEE a
fast-evolving world, systems and services are complex, which increases their vulnerabili-
ties. Continuous monitoring is essential to identify and mitigate these vulnerabilities. Fur-
thermore, the use of monitoring systems leads to greater security and stability.

Azure cloud services natively generate a wide range of metrics and logs, including
those related to authorization, authentication, archiving, and diagnostics [1]. These met-
rics and logs are a valuable source of information that give the administrator visibility into
the infrastructure and services. Due to the sheer number of logs generated, analyzing
them in their original form is opaque and tedious. It is therefore necessary to further pro-
cess, filter and visualise the logs using appropriate types of graphs or tables.
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Figure 1. The model of container terminal.

2. Available Monitoring Tools

2.1. AzureMonitor

Azure itself offers the Azure Monitor tool to monitor its services. It z a comprehen-
sive solution that consists of various tools, thanks to which, one can maximize the perfor-
mance and availability of operated servicesand also identify issues related to them [2].
This tool aggregates logs and metrics using other tools, which are Log Analytics and Ap-
plication Insight. User can then use afurther range of different tools to gain insight into
operated services, visualise the data, analyse it, or respond directy to it with automated
elasticity or admin alerts.

2.2. ELK Stack

In addition to the built -in tool, external tools can be used to monitor the Azure plat-
form, with Elasticsearch being one of the most popular part of the ELK stack, what is an
open-source platform that combines Elasticsearch (for search and analytics), Logstash (for
data collection and processing), and Kibana (for visualization). It is commonly used to
centralize, search, and analyze large volumes of log data, making it easierto monitor sys-
tems and troubleshoot issues in real time. Despite the built-in Azur e tool called Azure
Monitor, having its own uses and functionalities, there are several advantages to using
Elasticsearch over Azure Monitor. Some of the biggest advantages include the need for a
central system to aggregate multiple data from multiple clou d platforms and systems, a
preference for on premise solutions, or better administrator expertise in Elasticsearch,
which ultimately will make the work faster and efficient. Additionally, Elasticsearch 2
open architecture and multitude of features allows f or extensible integration with other
systems. This extensibility allows organizations to meet specific needs, improve adapta-
bility and scalability in complex environments.

When using the ELK stack to monitor Azure, the ELK stack provides all the necessary
tools for sending, storing, processing, and displaying data. There are two types of data
shippers that can be used to send/ingest data. The first type is the lightweight data ship-
pers, which are also referred in the Elasticsearcls world as Beats [3]. Examples of these
Beats tools include Filebeat, Metricbeat, Packetbeat and so on. The second type of data
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shippers includes Logstash, which can additionally persize, transform, or filter data.
When ingressing data from Azure, Filebeat and Logstash can be used. Both of these tools
have a module for Azure [4], in which user just need to define an Event Hub and an API
key (Application Programming Interface ). The Event Hub serves as a central point to re-
ceive events from Azure services. The main difference between the two is that Logstash is
more advanced and can transform and enrich data in real-time before sending. Filebeat,
on the other hand, is more efficient and faster and sends high-throughput data to Elas-
ticsearch.

Lastly, Kibana is a key component of the ELK stack, serving as an frontend of Elas-
ticsearch. With its intuitive and nice interface it allows to easily create dashboards, differ-
ent types of charts, tables and other visualizations. Besides, Kibana has variais powerful
analytical tools to analyze [5] data. And it also allows to create alerts or lets run machine
learning algorithm over the data.

3. Monitoring Ecosystem deployment

Because of the many outweighing benefits, we decided to use an ELK stack to moni-
tor Azure. The following subsections will cover the individual installation and configura-
tion steps of the entire monitoring process. In this ecosystem, we will use Event Hub as
the log ingestion service, which will act a s the entry point for logs and metrics collected
from various services and sources. Diagram in figure 2 depicts components that make up
the Azure monitoring ecosystem.

: ' Kibana
--------------------------------------- S 5
; o A '
: /A o :
: Do ELK !
! AZ ure P @l Eiasticsearch !
' b - Stack
Logs and Metrics Event Hub P )
" vl H
i Activity Logs G - 1 Vo .
: Platform Logs | —> mpm ——> Filebeat :
; SQLDB el bt
l\‘ lr . -

Figure 2. The Azure monitoring ecosystem.

Filebeat will function as the data shipper, forwarding data from Event Hub to Elas-
ticsearch in real time. Elasticsearch will serve as the storage layer, indexing the incoming
data from Filebeat. Kibana will be used as the graphical user interface, allowing users to
interact with the data. Within Kibana, we will create customized dashboards with various
visualizations to provide detailed insights.

3.1. Elasticsearch and Kibana

In our case, we deployed Elasticsearch and Kibana in premise environment instead
of in the Azure cloud. The whole installation and configuration process was straightfor-
ward, consisting of adding the Elastic repository to the APT packaging system (Advanced
Package Too), along with the GPG key (GNU Privacy Guard), which is essential, for au-
thentication and package integrity. We used Advanced Package Tool (APT) package sys-
tem to install both Elasticsearch and Kibana. After the installation we set up the username
and password for authentication Kibana to Elasticsearch in the configuration file
kibana.yaml. Next important step was to secure communication between Kibana and user
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by configuring Transport Layer Security (TLS) certificate for Kibana. This step was essen-
tial to ensure confidentiality of the logs.

Based on our requirements, we deployed a single-node Elasticsearch cluster, which
provides sufficient scalability and performance to meet our operational needs.

An alternative way would be to run Elasticsearch directly in Azure. Azure init 3
marketplace offers to create an Elasticsearch cluster as a new resource with just a few
clicks. Onecan st fill in the required parameters and Azure will create the entire cluster
for use. In this case, there is also an option to set up automatic sending of Azure activity
and resource logs to Elasticsearch.

3.2. Log shipping

First of all, we needed to create a Namespace in Azure Even Hub that acts as anan-
agement container for Event Hubs [6]. In this Even Hub Namespace we created 2 Event
Hubs, insightsmetrics-ptlm for collecting metrics and insights -logs-sqlsecurityaudite-
vents for receiving security logs from SQL databases. This was followed by setting access
rights using Shared Access Signature, creating an access policy to ingest logs.

As a log shipper, Filebeat was sufficient for our purposes, since we donz need to
enrich and transform the logs. In the filebeat.yaml we defined Elasticsearch output with
IP of our Elasticsearch node and credentials. Then we enabled Azure module and insude
itz configuration file azure.yml, which is in folder modules.d, we set variables for each
log section.

3.3. Elasticsearch pipeline

After configuring and running Filebeat, it automatically created a Data Stream
named Zilebeat-8.12.¢; which included filebeat version in naming convention. This is the
default behavior. However, One such configuration that required adjustment was the In-
dex Lifecycle Management (ILM) policy also named Zilebeatzwhich applies to all indices
created by tool Filebeat. Because filebeat created the ILM policy with the default settings,
which rotates indices after 30 days or when the index exceeds size 50 GB. And this policy
does not include deletion of old indices. T his can cause problems later, which can lead to
storage filling up over time and degraded system performance. To avoid these problems,
we modified ILM policy to automatically delete indices which are older than 60 days.

For easier access, visualization, and querying of the data, we created a Data View
called z@zurez for the Zilebeat-*z data stream. The field z@timestam was used as the
timestamp. This Data View will be utilized for filtering documents and creating visuali-
zations within dashboards.

3.4. Kibana Dashboards

We created 3 dashboards. One for showing authentications via Entra ID, one for SQL
audit logs and one for logs and metrics from FileShare. For the authentication-focused
dashboard, we created several analytical views of authentication within our Azure infr a-
structure. The first view is a geographic map that shows successful and failed login at-
tempts based on geolocation. With this map, unusual logins from unusual locations can
be quickly identified. Another component is histograms that summarize user logins and
also what applications they logged in through, this histogram is shown in figure. 3.
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Figure 3. Histogram of users logins.

Azure surprised us with the amount of logged information. It logs for example the
name and version of the operating system, user agent, a description of the authentication
result, not just that it was successful or unsuccessful. We included all this infromation in
the graphs. The types of operating systems used by users to log in and their user agents
are shown in figure 4.
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Figure 4. Operating system and browser used by users.

The next dashboard was created to monitor SQL logs from azure databases. During
the creating of this dashboard we encountered a significant challenges, which are de-
scribed below.

Azure stores a lot of important logging information related to SQL in a JSON format,
which is processed by Filebeat into a single property field named zazure.activitylogs.prop-
ertiesz with a flattened data type according to its standard template, as confirmed by the
official [8] documentation. The problem is that we can z search within this field, so we
needed to break this field into other subfields. One option is to create a runtime array for
this field. While this approach is sufficient and functional, o n the other hand it is compu-
tationally intensive as evidenced by performance analyses [9] [10]. Therefore, we decided
to modify the mapping in the template.

In the field mapping for the Filebeat -8.12.0 index template, we changed the data type
of zazure.activitylogs.properties zto ZObjectz The subfields within this object were dynam-
ically mapped to their correct data types. However, this introduced another issue with the
mapping of the zazure.activitylogs.properties.location zfield, despite it having been man-
ually mapped correctly in the index template. But still, this field doesn z have much mean-
ing for us since it is the location where the private IP is located, so we decided to delete it.
We achieved this by creating a remove location fields pipeline, which we set as the default
pipeline for the filebeat -8.12.0 index template.
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By doing this, we have achieved that the JSON in the flattened array is dynamically
mapped to the individual subarrays that we can further work with. With this method we
can view sql queries with the number of rows affected, the applications used within th e
sql queries, the actions performed and their status, whether they were performed success-
fully or not , also the username and IP address of the useywho executed the SQL query,
name of SQL server and database.

4. Future Work

As part of future research, machine learning could be implemented, which is a al-
ready built -in into Elasticsearch [11]. By using machine learning classifiers, it is possible
to detect anomalies in logs and metrics or detect unusual activity.

For early detection of threats it is possible to use the function Alert & Action [12],
where rules are defined in which it is possible to set a treshold and when it is exceeded,
the administrator receives a notification through a different type of communic ation chan-
nel or a ticket is created in the SOAR system. It is also possible to extend the collection to
other types of data from other azure services, and even though in our case we only col-
lected data from the services we use, itis possible to collect éta from basically all services.

5. Conclusion

Data security is a frequently discussed topic in today's electronic age full of cyber
attacks associated with their potential misuse [13]. In general, data security is an important
element both for the protection of intellectual property and for strengthen ing the market
position towards customers in terms of their trust in providing their data to cloud plat-
forms. The possibilities of monitoring, collecting and processing data for these purposes
were implemented as part of the management of a container terminal model in laboratory
conditions. In the future, it is expected that the control of the bridge crane will be ex-
panded to include spreader navigation using image processing from the crane camera.
For this, artificial intelligence methods will be used for object recognition or container
edge segmentation. Subsequently, commands will be generated for controlling the crane
drives so that container manipulation is efficient. Implementing this process using cloud
services means using different communication protocols, different data sources, different
data types and different methods of data transfer, storage and processing. It is therefore
necessary to have some concept for implementing cybersecurity ready. One way to secure
data is to use the ELKstack tools mentioned in this article. By implementing the ELK stack
components, we streamlined working with logs and metrics from the Azure platform
through various visualization elements. The use of Kibana enables analysts to use various
advanced analytics tools to analyze and correlate data in more detail. The entire process
consisted of creating eventhubs to receive logs, setting up to send logs and metrics via
Filebeat to Elasticsearch, modifying the index lifecycle, creating a pipeline, and modifying
the index template. Furthermore, we created a dashboard with a variety of visualizations
that allow for an easy overview of a large humber of logs and metrics and basically the
entire infrastructure.
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Abstract: Thermal cameras are passive sensors that capture infrared radiation emitted by all objects
with a temperature above absolute zero. This type of camera was originally developed as a surveil-
lance and night vision tool for the military, but recently their pri ce has dropped, which has greatly
opened up a wider field of use. The deployment of this type of sensor in vision systems eliminates

the illumination problems of conventional grayscale and RGB cameras. This research paper dis-
cusses the use of thermal visim systems and their applications. Last but not least, the paper deals
with the analysis of the use of thermal imaging cameras, their technical parameters and a more
detailed specification of computational methods and mathematical models.

Keywords: thermal imaging systems; thermal radiation; thermodynamics

1. Introduction
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2. Principles of Thermography

Thermography is based on detecting infrared radiation emitted by objects due to
their temperature. The radiation is detected by infrared sensors and converted into an
image or video. The temperature differences between various regions of an object are rep-
resented visually, making thermography an invaluable tool for non -invasive temperature
measurement and analysis. For thermographic systems to produce reliable and meaning-
ful data, several computational techniques are employed to enhance the image quality,
correct distortions, and interpret the thermal data accurately [2].

2.1. Infrared Radiation and Heat Emission

Every object with a temperature above absolute zero emits infrared radiation. The
intensity of this radiation increases with the temperature of the object. For instance, warm
objects emit more infrared radiation than cooler ones, and the radiation emitted has dif-
ferent wavelengths, depending on the object's temperature. The human eye can only see
a narrow range of light wavelengths, known as the visible spectrum. However, thermal
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cameras detect infrared radiation, which exists just outside the visible spectrum. This
makes them ideal for viewing heat emitted by objects in dark or obscured conditions.

Electromagnetic radiation is the transmission of energy in the form of electromag-
netic waves. Electromagnetic waves represent a local modification of the electromagnetic
field, a periodic process involving spatial and temporal changes in the electric field
strength and, simultaneously, in the magnetic induction vector. Electromagnetic radiation
encompasses the entire electromagnetic spectrum, from gamma rays to radio waves. The
speed of propagation in a vacuum, i.e. the speed of light, is 299 792.458 km/swhich is the
maximum possible speed in the universe according to relativity. Human vision can only
perceive a region of the electromagnetic spectrum called visible light, while with frequen-
cies of approximately 380 to 780 nm. In the electromagnetic spectrum, illustrated in Figure
1, there are several ways of imaging, which are defined by the range of frequencies of
electromagnetic radiation. These methods provide different information based on their
physical principles. Characteristics of infrared radiation emitted by an object is described
by Planck's law in terms of the spectral emission of radiation [2].
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Figure 1. The Electromagnetic Spectrum.

2.2. Detection of Infrared Radiation

Thermal cameras use special sensors called thermopiles, pyroelectric detectors, 10
microbolometers to detect infrared radiation. These sensors are designed to be sensitive
to the infrared light that is emitted by objects based on their temperature.

1  Microbolometers are the most commonly used sensors in modern thermal cameras.
They consist of an array of tiny, thermally sensitive detectors that can detect minute
changes in temperature. These detectors are usually made of materials like vanadium
oxide or amorphous silicon, which change their resistance when they absorb infrared
radiation.

1  Thermopiles detect infrared radiation through the heating effect it causes on a sensor.
This temperature change is measured and converted into a voltage that can be inter-
preted [2].

2.3. Focusing and Capturing the Infrared Radiation

Just like a regular camera, a thermal imaging camera has a lens that focuses incoming
infrared radiation onto the sensor. These lenses are typically made from materials like
germanium or chalcogenide glass, which are transparent to infrared light but opaqu e to
visible light.

371 wEEOI UEzUwOIl OUwi OEVUUT UwUT T wbOi UEUI EwOD]
Since infrared radiation behaves differently than visible light, this sensor captures tem-
perature differences across a scene, with hotter areas appearing brighter or mae vivid
and cooler areas darker[2].
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2.4. Processing and Conversion to an Image
OEl wUT 1T wbOi UEUI EWUEEDPEUDPOOWPUWEEXxUUUI EwWE
OOEOEUEwWI O1 EUUOOPEUS W3T T wUI OUOUzUwUI 6x1 UEDL
where different temperatures are mapped to various colors on a color scale.
3T1T wOT 1 UCEOWPOET I wbUwUT 1 OWEDPUxOEal EwOOwUT |
thermal cameras, the color scheme is chosen so that warmer areas are shown in shades
like red, orange, or yellow, and cooler areas appear blue or purple. This color palette

makes it easier to identify temperature variations and thermal anomalies in a scene [2].
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Figure 2. Anatomy of a Thermal Imaging Camera .
3. Computational Methods in Thermographic Systems

3.1. Image Processing and Enhancement Techniques

Thermal images often suffer from noise, low resolution, or artifacts that may com-
promise their quality. To address these challenges, various computational methods are
applied:

1 Noise Reduction: Thermal images are often noisy due to sensor limitations or exter-
nal environmental factors. Techniques like Gaussian filtering, wavelet denoising, and
median filtering are employed to smooth out noise while preserving the edges of
thermal features;

1 Contrast Enhancement: In some cases, subtle temperature variations need to be am-
plified to make them more visible. Histogram equalization, contrast -limited adaptive
histogram equalization (CLAHE), and other enhancement techniques are used to im-
prove visibility and emphasize si gnificant thermal differences ;

I  Edge Detection and Segmentation: ldentifying and isolating regions of interest in
thermal images is crucial for analysis. Edge detection algorithms like the Sobel oper-
ator, Canny edge detector, and Laplacian of Gaussian (LoG) filter are employed to
detect boundaries and structures within the thermographic data;

1 Image Registration: When comparing thermal images taken at different times or
from different viewpoints, it is necessary to align them accurately. Image registration
techniques, such as mutual information and feature-based matching, help to align
images before they are analyed for differences in temperature or structural changes
[3,6].

3.2. 3D Reconstruction and Modeling

In some applications, like building inspections or medical imaging, it is beneficial to
convert 2D thermal images into 3D models to better understand temperature distribution
in a three-dimensional context. Computational methods such as photogrammetry, struc-
ture-from-motion (SfM), and stereovision are used to generate 3D reconstructions from
multiple thermal images. These models allow for more precise analysis, heat flows, and
spatial anomalies [3].
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3.3. Artificial Intelligence

Artificial intelligence (Al) are increasingly being integrated into thermographic sys-
tems to automate and improve data interpretation. Algorithms are used for automated
object detection, anomaly detection, and classification of thermal patterns. By training
models on large datasets, Al can identify complex thermal patterns that might be invisible
to the human eye, enhancing the predictive capabilities of thermographic systems. For
instance, in industrial applications, Al models can be used to predict equipm ent failure
by analyzing thermal signatures of machines over time [3].

4. Mathematical Models in Thermography

Mathematical models are integral to the interpretation of thermographic data, partic-
ularly when translating thermal images into quantitative insights. These models are used
to simulate heat transfer, predict temperature distributions, and interpret the phy sical
phenomena [4].

4.1. Heat Transfer Models
Thermal behavior in materials is governed by the laws of heat transfer. Key mathe-

matical models used in thermographic systems include :

1 %OUUPI Uz Uw+ EpbpwOIi THisifuRddmehté) Qv désclibBsth@nonheat flows
through materials. In thermographic applications, it is used to model the heat distri-
bution across an object. The mathematical form is(1):

g=NwD (1)

Where:

g [W/m2] - the heat flux

k [W/(m tK)] - the thermal conductivity
nT[K/m] - the temperature gradient.

1 -1 pPUOOz Uw+ E b iHsimadel6f2uddd to predict the rate of heat transfer
between a hot object and its surrounding environment. The rate of cooling is ex-
pressed as(2):

dT/dt =N i(TuN3 B 2

Where:

T [K] - the object temperature

h [W/(m 2K)] - the heat transfer coefficient
3 E[K] - the ambient temperature.

1  Steady-State and Transient Heat Conduction: These models help analyze tempera-
ture distributions under different boundary conditions. In the case of transient heat
conduction, the temperature at a point changes with time, which can be modeled by
the heat equation (3):

é3wrYay Buw €)

Where:
Y [m2sV1] - the thermal diffusivity.

4.2. Thermal image analysis

This method involves the analysis of thermal images obtained thermal imaging cam-
eras to identify thermal anomalies, thermal leaks and other thermal characteristics of ob-
jects and environments. Thermal images can be analyzed using a variety of algorithms and
image processing techniques to obtain detailed information on thermal distributions [4].
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4.3. Emissivity Models

The accuracy of thermal measurements depends on the emissivity of the material
being imaged. Emissivity refers to the efficiency with which a material emits infrared ra-
diation, and it varies based on material composition and surface properties. Mathematica |
models are used to account for emissivity variations, ensuring accurate temperature meas-
urements. The StefanBoltzmann law, expressed as(4):

E=xh 3 K 4

Where:

E - emitted radiation

X - the emissivity

b- the StefanBoltzmann constant
T - the temperature.

4.4, Calibration and accuracy verification

Calibration and verification of thermal imaging cameras accuracy are important steps
in the interpretation of thermographic data. Calibration procedures and methods Accuracy
verification procedures allow to guarantee reliable temperature measurements and accu-
rate interpretations of thermal images [4].

5. Applications of Thermography

The integration of computational methods and mathematical models significantly
enhances the range and accuracy of thermographic systems across various fieldsas seen
in Figure 3:

1 Medical Imaging: Thermal cameras are used to detect abnormal temperature pat-
terns in tissues, helping diagnose conditions like inflammation, tumors, or circula-
tory problems. The algorithms aids in distinguishing between healthy and patholog-
ical thermal patterns [5];

1 Industrial Inspections: Thermography is used to detect hot spots in machinery, elec-
trical components, and mechanical systems. By predicting overheating or malfunc-
tioning components, thermography can help prevent costly failures and improve
safety;

9  Building Inspections: In building diagnostics, thermographic systems are used to
identify insulation defects, moisture ingress, and structural issues. The application of
heat transfer models helps assess the energy efficiency of buildings

1  Environmental Monitoring:  Thermography is used to monitor environmental tem-
perature distributions, such as in wildfire detection or monitoring the health of
aguatic ecosystems|5,7].

Figure 3. Applications of Thermal Imaging Cameras .
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6. Discussion

Despite the promising advancements, thermal imaging systems still face certain chal-
lenges. One limitation is the cost, with high -performance systems remaining expensive
for many potential users. Additionally, while thermal imaging can identify temperature
variations, it cannot directly identify the cause of those variations, which means additional
analysis or complementary technologies are often required for a complete diagnosis. As
the technology continues to evolve, future developments are likely to focus on improvin g
resolution, reducing costs, and integrating artificial intelligence (Al) for automatic analy-
sis of thermal data. These innovations will allow for more advanced predictive capabili-
ties, greater accuracy, and broader adoption of thermal imaging across various fields.

7. Conclusions

Thermal imaging systems have unlocked a world of possibilities in the detection and
analysis of thermal radiation. From industrial inspections and medical diagnostics to se-
curity and environmental monitoring, the applications of thermal imaging are vast an d
growing. With ongoing advancements in resolution, sensitivity, and portability, the future
of thermal imaging promises even more powerful and accessible tools for professionals
across industries. Computational methods and mathematical models are essentid for en-
hancing the functionality and accuracy of thermographic systems. From image enhance-
ment techniques to complex heat transfer simulations, these approaches enable the accu-
rate analysis and interpretation of thermal data. As technology continues to ad vance, the
integration of Al will further revolutionize the applications of thermography, making it
an indispensable tool across a wide range of industries.

Acknowledgments: This work was supported by the Cultural and Educational Grant Agency of the
Ministry of Education, Science, Research, and Sport of the Slovak Republic under project KEGA No.
xONPEEEYD]I OwxUERT wEOWYAUBEOYST OwxUOET UUwpBpUUEDPNOS
Conflicts of Interest: The authors declare no conflict of interest.

References

1. Niranjan, S.K. Proceedings of the International Conference on Smart Technologies in Computing Electrical and Electronics (IC-
STCEE 2020), October 940, 2020.

2. Manullang, M.C.T.; Lin, Y. -H.; Lai, S-J.; Chou, N-K. Implementation of Thermal Camera for Non -Contact Physiological Meas-
urement: A Systematic Review, Sensors, 2021, pp. 21.

3. 2POYEOwW&S w/ 8 Ow! E UD.Uhekge/offiniudred thérdiographyGorstudythérma gertobmance of walls: a biblio-
graphic review, In Revista ALCONPAT 2019 pp. 117- 129.

4, ! UAOEEOwW/ dw YOEWEOwWUI ¢UMHE lufdd wHIOY @@y Woppdd, Rabndq w0l ET OPE OGS

5. Proszak-, Dé UPOOw# 6 w4 Ul woOi wli 1 UOEIGRGDS EA1PpD.I1BOWE OOUUUUEUDOS

6. Liu, L.; Ouyang, W.; Wang, X.; Fieguth, P.; Chen, J. Deep learning for generic object detection: a survey. International Journal
of Computer Vision, 2023, pp. 2614 318.

7. Nguyen, T. X. B. K.; Chahl, J. A review of modern thermal imaging sensor technology and applications for autonomous
aerial navigation, J. Imag., 2021, Volume 7, pp. 217.

94



TECHNICAL UNIVERSITY OF KOSICE
Faculty of Mechanical Engineering

Dy

‘.\
P2 Crgra Y

Locating the failure of forged bearing rings

Marek Grega 1*, Janette! Ul a DOOY a

1 Technical university in Kosice, Faculty of mechanical engineering, Department of Technology and Materials
engineering, Slovakia; marek.grega@student.tuke.sk janette.brezinova@tuke.sk
* Correspondence: marek.grega@student.tuke.sk

Abstract: The article investigates the formation of surface cracks in steel forgings used for bearing
rings in transmission components. The forging and heat treatment processes, conducted undercon-
sistent technological conditions, revealed the occurrence of high-temperature annealing cracks
caused by plasticity depletion during stress relaxation. Additionally, cold cracks were analyzed,
with chemical compositions and hardness measurements indicating susceptibility due to elevated
carbon and chromium content, as well as a high cracking parameter. Die-tool wear and damage
during forging were identified as key contributors to crack formation, transferring surface defects
and creating microcracks that propagate during subsequent processing. The findings underscore
the influence of tooling conditions, material properties, and process parameters on the quality and
reliability of steel forgings .

Keywords: cracks; forging ; bearing ring

1. Introduction

The manufacturing of metal bearing rings for gearbox components is highly demand-
ing in terms of adhering to technological processes to achieve the desired product quality.
The final product is influenced by specific technological procedures and the composi tion
of the input material. In standard production, it is challenging to detect latent defects in
products during processing. In most cases, defects are identified only during final quality
control, requiring subsequent analysis to determine their root cau ses.

Defect identification in forgings is feasible only through thorough categorization of
the defects. Cracktype defects are particularly challenging to identify due to the wide
range of factors contributing to their formation. George E. Dieter, in his works published
in the ASM Metals Handbook [1, 2], categorized cracks based on their temperature of
origin during forging and their type | taking into account orientation relative to the forg-
ing axis, location on the forged part, and the forging method used.

A fundamental classification of surface crack types is described in the EN 10112
standard [3]. While this standard primarily addresses cracks arising during welding, it is
not limited to those occurring in welds but also includes cracks in the heat -affected zones
of parent metal. According to this standard, base materials include not only sheets but
also pipes and forgings.

tion of cracks from EN 1011-2 standard and further refined it into four primary groups,
each with subcategories. These groups include: Hot cracks, such as crystallization, iqua-
tion, and polygonization cracks. Cold cracks, a broad category without subdivisions. La-
mellar cracks, divided into exogenous and endogenous types and annealing cracks.
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Cold cracking has been a subject of study for many researchers. Ito and Bessyo [5]
proposed a formula and established limits for structural low -alloy steels with higher man-
ganese content (0.82.5%). They introduced an equation for calculating the crackcing pa-
rameter of the parent metal, denoted asPc. Also identified a critical threshold of Pc>0.30%
for material thicknesses of 25 and 30 mm, indicating a high probability of cracking. Fur-
thermore, they defined permissible content levels for individual alloyi ng elements to min-
imize crack formation. Their studies showed that cracks were absent in samples with max-
imum hardness up to 271 HV = 264 HB.

Surface cracking during forging presents a significant challenge in the production of
steel forgings, as surface defects can drastically affect the quality and mechanical proper-
ties of the forged components. Such cracks may lead to product failure in appli cations
subjected to high mechanical or thermal loads.

The aim of this study is to localize cracks occurring in the forged bearing rings and
determine the underlying causes of their formation.

2. Materials and Methods

Empirical observations of defect occurrences were conducted on the product "Bear-
ing ring," designed for gearbox applications as a combined component of a bearing hous-
ing and a force transmission converter. The product features a simple geometric shapq
a rotational cylinder with a central hole and a non -uniform cross-section.

The product dimensions are as follows: outer diameter -} whuk Kk WOOOwWH O DI UL
of the central hole -} wN Ww O O O-®3 ninD Weigtt af the forging is approximately 4 kg

The forging is manufactured from 42CrMo4 steel, classified according to EN 10083
3:2007. The material is normalized, annealed, and hardened to achieve the prescribed me-
chanical properties.

After machining operations, specific areas of the product undergo surface hardening
to increase hardness, followed by grinding to reduce surface roughness.

Figure 1. Final product t bearing ring.

The technological and production operations for the forging of the bearing ring are
summarized in Table 1. The heating of the billet is performed in a continuous induction
i UUOEE] WEUWEwWUI Ox1 UEOUUI wUEOT 1 woOi whihut YwUOwh
The forging of the "bearing ring" is carried out on a mechanical forging press with a
maximum working force of 25 000 kN. The forging tools for this operation are designed
to combine two phases: Preforging (open die): This phase involves reducing the bill et to
the desired height of the preform and shaping it to prepare for the next phase.
Final forging (closed die): This phase involves filling the forging cavity to achieve the
desired shape of the forging. The result includes a slug for the central hole and flash along
the edges of the forging.
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Table 1. Technology operations overview .

Forging Heat-treatment
Tech. op- . .
. Heatin i Coolin izi
eration g Open-die | Closed-die Shearlng and g Normall.zmg Quenching | Tempering
punching annealing
induction Mechanical | belt con- | continuous | continuous continuous
Machine Mechanical Press25000kN electric fur-
fur nace Press5000kN| veyor gas furnace | gas furnace nace
. } ANY w(} & uy | Forging with | _. . 42CrMo4 | 42CrMo4
: +
Material h=132 mm | h=80 mm [flash and slug Final forging; 42CrMo4 | 42CrMo4+N AN+Q +N+QT
Working WA Y wp wh WA Y wp u
tempera- |116Gtul | Y110CGhuhut Y 110CGhuhut Y1950¢ hukut Y| 204 1 Kk S . polymer cool-| t + Y wp
cooling ~ .
ture bOl wOO

Subsequently, on a separate maching mechanical press with a maximum working
force of 5000kN | the forging undergoes flash (3) and slug (2) removal. In the first phase,
a punching pin removes the slug - membrane from the inner hole of the forging. In the
second phase, a cutting plate is used to trim the flash, achieving the final shape and di-
mensions of the forging.

Vv R

(@ (b)

Figure 2. Forging bearing ring (1): (@) Forging with inner slug ( 2) and outside flash (3); (b) Forging after cutting slug and

flash.

After forging, the product undergoes a heat treatment process consisting of normal-
ization annealing, quenching and tempering. Normalization annealing is carried out in
continuous gas furnaces with electronically controlled temperature systems that comply
with the DIN 17052-1 standard (Requirements for temperature uniformity). The process
DPUWEOOEUEUI EWEUWEwWU] Ox1 UEUUUT woOi wWAYS" wpbpOT
oUI OET POT wbUwx1 Ul OUOI EwDOWEWEOOUDPOUOUUWI E
i O00OPT EWEaAawhOOl UUPOOWPOUOWEwWUadUT 1 UPEwxOOa
time of 30 seconds. Subsequently, the products pass through a continuous electric tem-
pl UPOT wi UUOEET WEUWEwWUI Ox1 UEVUUUIT woOi wtt YS" wbbI
Once cooled, the forgings are shotblasted in a shot blasting machine to remove sur-
face impurities and prepare them for final quality control.
The forgings were subjected to non-destructive testing. The first phase involved vis-
ual inspection according to EN 13018, followed by magnetic particle inspection in the sec-
ond phase, performed in accordance with EN 10228 1.
To assess mechanical properties, conduct chemical analyses, and perform metallo-
graphic observations, a crosssection of the test sample was prepared.
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For chemical composition analysis, the method of optical-emission spectroscopy was
employed. The chemical composition of individual batches is presented in Table 2. The
results of the elemental analyses fall within the specified limits for 42CrMo4 steel.

Table 2. Chemical analysis of individual batches (wt.% , Fe balance).

Chemical element Batch: 63813 (wt.%) Batch: T21297 (%)
C 0.38 0.43
Si 0.22 0.29

Mn 0.80 0.75
P 0.013 0.011
S 0.010 0.003

Cr 1.10 1.14

Mo 0.214 0.203

Al 0.023 0.022

Cu 0.17 0.02
Y 0.0044 0.004

Ni 0.17 0.03

The method according to Ito and Bessyo was used todetermine the cracking param-
eter Pc.

Pbr =6 — — — — — — — VW0 — Opnmn 1)

The Charpy impact test was used to evaluate impact toughness, in accordance with
EN ISO 1481. The results of the impact toughness testsare presented in Table 3, meeting
U771 wUl gUPUT EwOPOPUwWp*5HI YS" OwOPOPOUOWt kw) Aw

Table 3. Impact test results.

* 5 wHuwl YS" wp) &

Batch Probe 1 Probe 2 Probe 3
63813 118 108,9 109,5
T21297 111,2 110,67 105,0

The Brinell hardness test was conducted in accordance with EN 1SO 65061. The
measured surface hardness for batch 63813 is 278 HB, and for batch T21297, it is 272 HB.
The specified hardness for the tested forging (bearing ring) is in the range of 240t 270 HB.

3. Results

Two types of Non -Destructive Testing (NDT) were performed during the final qual-
ity control: Visual Testing (VT) and Magnetic Particle Testing (MT). An analysis was con-
ducted on batch number 63813, consisting of 534 pieces, and batch number T21297, con-
sisting of 625 pieces. The number of defective forgings after each inspection phase is pre-
sented in Table 4. Cracks were observed on both the outer and inner sides of the forgings.

Table 4. Number of forgings from individual batches by type of non -destructive testing.

Batch Number of Pieces with a crack (pc)
forgings (pc) VT method MT method
63813 534 212 381
T21297 625 23 164
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The occurrence of cracks in forgings in individual batches is in different volumes:
71.34% in batch 63813 and 26.24% in batch T2129®@nly forgings after MT are included
in the error rate calculation.

(@ (b)

Figure 3. Inspected forging in magnetic testing(MT): (a) Location of cracks on the outside (4) of the forging; (b) Location
of cracks on the inside of the forging (5) and on the outside wall of the forging .

Cracks were localized on both the outer side of the forging (Figures 3, position 4) and
the inner surface of the hole (Figure 3, position 5). The length of the cracks ranged from
60 to 150 mm. These cracks were observed along the entire profile, most commaly start-
ing and ending at the area where the flash is located. Their progression extended toward
the radii at the outer side of the forging, where the edge of the forging thins.

Two zones of crack occurrence were identified, as described in Table 5 and marked
in Figure 4. The orange marks of indicate cracks are in: I. the outer flash area, while the
blue marks indicate cracks are in: Il. the inner slug area.

(a (b)

Figure 4. Inspected forging in section: a) Location of cracks on forging from batch 63813; b) Location of cracks on forging
from batch T21297.

99



