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Abstract: Lasercutting machines are sophisticated machines with a certain amount of simplicity built into
their design The nature of plugand-play lasers and corresponding vapour extracticsteans makes pairing

the two functions seemingly easlyis important that dust and fumes are collected from the source and that
particles are properly stored and disposed loérefore, in this presented publication, the composition of the
materials of tk test samples and aeroswisanalysed, the classificatigsperformedind the current state of
laser cuttingtechnologyis examinedOn this basis, the emission of pollutants during laser cutting and the
corresponding control of pollution are the mawnditions and solution of the proposed method and equip-
ment

Keywords: laser 1; marking 2;dust 3; aerosols 4;Filtration 5

1.

Introduction
In conjunction with new advanced technologies such as laser and plasma technolo-

gies used for cutting material, welding, spot-welding or additive technologies, for exam-

ple in the automotive industry, the environmental safety of workplaces must be respected
in addition to high accuracy, repeatability, cost -effectiveness Compared to other cutting

technologies, laser cutting offers the advantages of better material utilization in cutting,

scoring and engraving materials while observing strict environmental and safety regula-

tions. This publication examine s the composition, classification and current state of laser
cutting technology. Emissions of pollutants in laser cutting and corresponding measure-
ment methods and pollution control devices were investigated .

2.

Laser cutting equipment

Laser cutting equipment consists of an automated system integrating the laser beam,

servo-motor control, electrical control, detection technology and an industrial computer .

The laser cutting machine is characterized by a light source, power and cutting dimen-

sions. Well-known options for laser cutting technology include evaporation, fusion, reac-

tive fusion, and controlled fracture cutting . During th e process of dividing or cutting, dust,

smoke and aerosols are released, which is an environmental problem and poses a threat

to public health . The choice of the method of ventilation , dedusting and the design of the

equipment should take into account the rate of dust removal from the workstation, the

initial investment costs, maintenance costs, and so on [1- 5, 13- 15]

The processof laser cleaning technology, for example, degreasing, removing corro-

sive parts of the surface of the material, takes placein a closed cabin due to the imminent

risk of laser beam-induced radiation arising or dust being produced, which is harmful to
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human health. In the cabin of the device, Fig. 1, there is a work table, which contains
grooves for the overflow of the generated waste. The workplace where the laser cutting
processtakes placeis equipped with a ventilation device that absorbs the unwanted dust
generated. The entire workstation is bounded by columns that delimit the safe zone dur-
ing the operation of the equipment . Overall, this machinery has a considerable impact on
the space usedin the workplace hall. [1 - 6]

The device includes a fully enclosed safety design. During operation, the «ZY'EZ oo
state of processing can be monitored from the front window of the security door, ensuring
safety for the operator. In laser machines, multi-stage filtration is used. [1,2, 10]

Figure 1. Laser cutting device during parameter input and material division [1,2].

3. Pollution generation and air filtering

The most important physical factors in the environment in workplaces using laser
technologies include [7-12]:
f noise
lighting
microclimate - temperature, humidity ,
electromagnetic fields,
dustiness,

~n ~h ~h ~h ~—%

solid aerosols.

During the cutting process, large amounts of dust, smoke and aerosols are produced,
which causes environmental concerns and poses a threat to the health of workers[5, 9].
The amount of smoke and dust emitted by laser cutting is related to the cutting speed and
the setting of the cutting air pressure parameters. If the specialist correctly sets the tech-
nological parameters of cutting, the smoke emission from laser cutting is significantly re-
duced. In addition, the material of the workpiece has a significant impact on emissions .
When cutting 6 mm thick low -carbon steel material, the amount of smoke and dust emit-
ted per 1 m of cut is 440 mg. When cutting 6 mm thick chromium -nickel material or gal-
vanized steel sheet, smoke and dust emissions per 1 m of cuare 2000 mg.For cutting 6
mm thick low -carbon steel, 39.6 g/hourof smoke and dust can be released at a cutting

10
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speed of 1500 mm/min. Smoke and dust contain particles of metal oxides such asiron
oxide and alumina [5- 8].

Smoke, dust and aerosols are releasedn the process of laser cutting of metal materi-
als. ‘Z1™Sse’ EeZle’'£Z170le'Z1e7@eleZ—7>See¢172{EZZ@1WV1s
osolsislessthan WV 1« —1i

The primary threat s to a worker or employee who works with laser technology can
be consideredto be mainly solid aerosols and dustiness.

The determination of dustiness is one of the most difficult to identify in the field of
chemicals. The risk of solid aerosols is determined not only by their concentration, but
also by a number of other factors such as size composition (dispersion) or chemical com-
position. [10,11,12]

When treating metallic materials with a laser, the following substances are released
into the air:

f dust (particle size greater than1 mm),

f aerosols (particle size less thanl mm),

f gases [16]

In terms of the action of dust on humans, there are differences between

f dust having a predominantly specified effect ,

f dust with fibrogenic action ,

f dust with an irritating effect,

f mineral fibrous dust. [8, 9]

The measurement of aerosol size distribution is important for the design of appro-
priate filtration systems, Fig. 2. There is no filtration system or medium that can absorb
all the smoke, dust, vapours, gas, or debrisresulting from the use of lasers. With strict
emission pollution limits, multiple treatment systems or hybrid systems with different
filtration methods are necessary to control pollution in some cases Modern dedusting
technologies include mesh filtration , pocket filtration, electrostatic filtration and activated
carbon filtration [91.94]. Among them, electrostatic systems have several obvious ad-
vantages. First of all, it is possible to clean the filter and there is no need to replace it,
eliminating the cost of repeatedly replacing the filter repeatedly . Secondly, a well-de-
signed system can provide high rates of removal of soot and smoke particles removal at a
submicron scale. Another advantage is the very small loss of air flow when dirt accumu-
lates on the filter. During the operation of the laser, air loaded with pollutants is first
sucked out through the prefilter. Then it enters the high-density ionization zone filled
with smoke and soot particles. Charged particles pass through the collecting chamber,
which is composed of alternating voltage and a grounded plat e. A cylindrical filter is used
for capture. [3, 10,11,12]

4. Exposure to dust and consequent health effects

Exposure to dust and consequent health effects can take variousforms. Skin contact
with some dusts, such as most organic dusts, can cause irritation or allergic responses,

11
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especially in sensitive people. The respiratory tract is the most common and main route
of entry of dust particles into the human body, Fig. 3 [12].

N MOy
L

Figure 2. Pollution control strategy for laser cutting(5) .

The effect of irritating dusts is primarily manifested in terms of mechanical irritation
of the mucous membranes of the respiratory tract, skin and conjunctiva of the eyes. With
more sensitive individuals, allergic reactions may also appear. In particular, dust of or-
ganic origin can provoke hypersensitivity, manifested i n the form of bronchial asthma.
Infectious dust, which often contains germs trapped on dust particles, can cause serious
diseases in certain casesThis also includes bacterial and fungal infections. Toxic dust, in
addition to the local effect on the respiratory system of a person, can cause systematic
intoxication . Dust that contains toxic substances is absorbed by the blood and leads to an
adverse effect on the tissue and organs of the human body Carcinogenic dust in people
who are exposed to these effets, if inhaled, can causean oncological disease. [4, 1614]

..............

Figure 3. Inhalation of dust and aerosols by man [4].

5. Experiment al section and evaluation

Experimental tests were carried out at the Department of Environmental Engineering,
SjF TUKE, at Trumpf Slovakia, s.r.o.andatU.S. il "’ @281

For experimental tests, galvanized sheet metal with dimensions: 25 mm width, 105
mm height, 1.6 mm thickness, Fig. 4 was used.
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Figure 4. Galvanized sheet metal used for the experiment.

The experimental samples were surface treated with a laser ona Laser Trumpf Tru-
Mark Station 5000, Fig.5.

Figure 5. Laser Trumpf TruMark Station 500 0.

During the preparation of the test samples, the surface of the galvanized sheet was
treated, where at position 3 means that the laser beam passed three times over the selected
surface, anda position 1 - the laser beam passed only once on the test surfacefig. 6

Figure 6. Galvanized sample tested.

During surface treatment, the places where the test samples were glued . targets .
were defined to determine the fumes and type of aerosols after laser work had been car-
ried out, Fig. 7.
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Figure 7. Location of targets in the suction process.

In Fig. 8, particles are captured at 200 times magnification from the target when a
laser beam passes through the surface of the sheet once

WD: 15.00 mm ‘ SEM MAG: 200 x | | VEGA3 TESCAN
o ‘ SEM HV: 15.0 kV 200 pm

Date(midly): 02/20/20

Figure 8. Area passedover once at 200x zoom

After conducting the experiments, the targets were divided into groups, Fig. 9 and
evaluated using a TESCAN VEGAS3 raster electron microscope, Fig.10.
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Figure 9. Targets with trapped dirt during suction .

Figure 10. Raster electron microscope TESCAN VEGA3.

Particle analysis was carried out and analysis was performed on the residues of var-
ious materials that were trapped on the surface of the applied stickers on the ventilation
pipe in close proximity to the laser head, Fig. 11.

. Spectrum 1
Wt% o
C 558 03
0 382 03
Fe 16 01
Ca 14 01
Si 11 00
Al 09 00
Na 04 00
03 00

02 00
02 00

Figure 11. Analysis of particles of chemical elements after conductingthe experiment.
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When analyzing the targets under a microscope, it was concluded that when the laser
operates for a short period of time, a large amount of dirt is not released into the working
environment. On other hand, over a longer interval, various elements are released from
the machined material .

Traces of carbon, oxygen, iron and calcium were detected when the laser beam first
passedacrossthe sample surface It was possible to clearly identify the remnants of zinc
only with three passesof the laser. Failure to maintain sufficient ventilation may result in
inhalation of these harmful impurities and damage to the health of the person operating
the laser.

CONCLUSION

In conjunction with the rapidly growing demands for metal cutting, it is necessary to
develop technologies for rapid material cutting with increased accuracy, environmental
safety and costeffectiveness Well-known options for laser cutting technology include
evaporation, fusion and reactive melt cutting . During the cutting process, dust, smoke and
aerosols are formed, i.e, dustiness is created from physical factors, which is an ecological
concern and poses a threat to the health of operators Modern dedusting technologies in-
clude mesh filtration, pocket filtration, electrostatic filtration and activated carbon filtra-
tion.

In some cases, with strict pollution emission limits, multiple treatment sys tems or to
control pollution, hybrid systems with different filtration methods are required . Lasercut-
ting technology is suitable, although there are still some process challenges in dedusting.
The design of the dedusting method should take into account th e removal of dust, aero-
sols, soot, but also the initial cost of capital and maintenance costs

Multi -stage filtration in combination with activated carbon filtration or electrostatic
filtration is accepted and in demand for the given beam technologies.
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Abstra ct: This scientific research deals with an overview of polymers suitable for implementation
in the field of tissue engineering, regenerative medicine and implantology and brings significant
findings to the field. An overview of biocompatible materials such as PLA, PHB and PDO brings
new application possibilities. From selected medically certified materials, the scientific team pro-
ceeded to the production of the filament. All production processes were optimized, resulting in a
final product with a constant diameter. Subsequently, modeling and 3D printing of the aorta was
started using additive F FF technology. The aorta model was printed at a printing temperat ure of
175 degrees with a heated pad. This model was intended for pressure simulation. The simulation
produced interesting results, which are described in the conclusion of this study.

Keywords : 3D printing, extrusion, filament, polymers, biodegradation

1. Introduction

Natural and synthetic polymers are considered biodegradable materials. Polymers
can be broadly defined as macromolecules composed of covalently bonded monomers.
Natural -based polymers include starch, chitosan, hyaluronic acid derivatives, collagen,
fibrin gels, and silk. Undesirable properties of these polymers include low mechanical
strength, unknown degradation rate, repellency and high physiological activity. Various
scientific studies show that synthetic polymers have a wide range of uses and satisfactory
properties compared to natural polymers [1]. Among the important properties of poly-
mers is the rate of degradation, which can vary depending on the type of arrangement of
the polymer chain and its crystallinity. The glass transition tem perature affects the flexible
properties of polymers, so it is essential that the polymers are biodegradable above normal
body temperature. Commonly used biodegradable polymers include polyglycolic acid
(PGA), polylactic acid (PLA), poly - +hydroxybutyrate (PHB), poly(lactic-co-glycolic acid)
(PLGA), and poly - ¥saprolactone (PCL). Among these polymers, PLA, PGA and PLGA
are used for the production of degradable rivet connections (sutures). PLA has been syn-
thesized from natural sources such as starch and corn Crystalline PLA (L -PLA) is less
resistant to hydrolysis than amorphous PLA (DL -PLA). PGA, a synthetic polymer, has
high crystallinity, low solubility and high degradation rate. The high degradation rate of
PGA reduces its mechanical strength after implantation. PCL is an aliphatic polyester
used in medical implantology. PCL is typically used for long -term implants and as a drug
delivery system due to its crystallinity and permeability. PCL also has high flexibility and
molding capabilities to create diffe rent shapes. PHB belongs to another type of biodegra-
dable polymer with high crystallinity , however, due to its brittleness, it is not used for
practical applications, but is mixed with other polymers. Poly -para-dioxanone (PPD) is
another biodegradable poly mer commonly used for its biodegradability, resorbability,
compatibility and flexibility as a medical implant for internal fixation of fractures and in
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the form of films, foams, pressed products and coatings. Studies have shown the possibil-
ity of complete disintegration of PPD implants within 6 -7 months after implantation by
changing their molecular weight, crystallinity and melting temperature. When choosing
biodegradable polymers for applications in biomedical engineering, their desired proper-
ties, such a their chemical, physical and mechanical properties, have a great influence.
Degradation of polymers takes place by hydrolysis of ester bonds, which leads to a change
in their chemical structure. The physical biodegradation process occurs when microor-
ganisms interact with the surface of polymers, leading to hydrolysis. However, chemical
biodegradation occurs due to the enzymatic interaction of the microorganism with the
polymers, which leads to the conversion to CO2 and H20. Implants in places with high
loads require high mechanical strength, so materials such as ceramics and metals are pre-
ferred. However, these materials have undesirable properties such as inflammation at the
implantation site, corrosion and loss of bone mass. To solve these negative propeties, it
is necessary to change the material in the form of polymers. Polymers are widely consid-
ered for their tensile strength, modulus of elasticity and non -corrosive properties. Non -
viable properties include loss of mechanical strength with increasing implantation time
due to degradation/resorbability. Currently, polymers such as PGA, PLA and PLGA are
widely used for bone implants [1, 2, 3].

2. Overview of resorbable materials for clinical use
2.1. Polylactic acid (PLA)

Social and economic development has stimulated considerable scientific and engi-
neering efforts in the discovery, development and use of polymers. Polylactic acid (PLA)
is among the most researched biopolymers because it can be produced from nontoxic
renewable raw materials. PLA has a high application for biomedical applications due to
its properties, such as biocompatibility, biodegradability, mechanical strength and pro-
cessability. PLA is derived from lactic acid (LA). LA is the building block for the synthesis
of PLA. LA is a chiral mo lecule existing in | and d isomers. Lactic acid (LA) can be obtained
by fermenting sugars obtained from renewable sources such as corn and sugar cane. Thus,
PLA is an ecological non-toxic polymer with properties that allow use in the human body.
Despite the wide spectrum in biomedical applications, there are also certain limitations,
such as slow degradation rate, hydrophobicity. Blending PLA with other polymers such
as PHB offers convenient options to improve properties or to create new blends for tar-
geted bio-medical applications. Various PLA blends have been explored for various bio-
medical applications during ongoing scientific research. PLA and their copolymers are
becoming widely used in tissue engineering to restore the function of damaged tissues
due to their excellent biocompatibility and mechanical properties. The use of PLA has
great justification in biomedical applications (Figure 1). It is used for the production of
scaffolds for tissue engineering, various bioresorbable medical implants and sutur es in
dermatology and cosmetics. To improve the properties, it is mixed in different propor-
tions with other polymeric or non -polymeric components. The finished implant thus
meets the required properties for application in the patient's body. Various surface mod-
ification strategies, such as physical, chemical, plasma, andradiatiorrinduced methods,
have been used to create the desired surface properties of PLAbiomaterials [4, 5].
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Figure.1. Biomedical applications of PLA [4].

2.2. Polyhydroxybutyrate (PHB)

Poly(hydroxybutyrate) (PHB) has become an increasingly attractive biomaterial in
research and development in recent years. PHB is a natural bicbased aliphatic polyester
produced by many species of bacteria. Thanks to its biodegradable, biocompatible and
ecological nature, it can be used in a wide range of applications. However, high produc-
tion costs, thermal instability and poor mechanical properties limit its desired applica-
tions. Therefore, it is necessary to incorporate PHB with other materials or biopolymers
to develop some new bio-based composites. The development of biodegradable PHB
based biocomposites with improved mechanical properties could be used to overcome the
limitations of PHB alone. As previously mentioned, PLA is a biodegradable polyester that
could be used to develop composites with PHB. PLA has a brittle nature and stands out
as an excellent material for the development of biocomposites with improved mechanical
properties. Various scientific studies have prepared PLA/PHB based composites with i m-
proved properties such as increased elongation at break and reduced tensile strength. In
many cases, mixing PLA/PHB improved the thermal stability of the composite [5 -7].

2.3. Polydioxanone (PDO)

Polydioxanone (PDO) is another polyester that is commonly used to make biode-
gradable medical devices. It is also known as PDS, polyp-dioxanone, PDX or PDDX. Pol-
ydioxanone is a synthetic and absorbable colorless polyester that was first produced in
the early 1980s. It is synthesized by polymerization of p-dioxanone in the presence of an
organometallic catalyst and heat. This polymer is considered non-antigenic and non-py-
rogenic and has been found to induce minimal tissue reaction during absorption after im-
plantation. Due to the duration of absorption (182 .238 days) and synthetic nature, it is

widely used in medical devices. The glass transition temperature is in the range of . WV U 1
e"1VU 18 —ele'Z1—Zee'—ele7Z_™7 3PN ik I oo ZZ17M>TWRSY' Z 1S

duction of stitches by the extrusion pro cess at the lowest temperature. In the medical field,
it is implanted in various shapes and sizes. It is most often used in surgical procedures as
a suture material (Figure 2), due to its high flexibility due to the presence of an ether oxy-
gen group in the polymer chain [7-9].
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Figure .2. Suture material PDO.

3. Production of biomedical filament

From biomedically certified pellets, we produced filament on the filament maker
Composer series under the investigated temperature melting conditions of PLA/PHB ma-
terial and plasticizer (Figure 3). The temperature range of extrusion varied between 150
and 170 degrees

Figure .3. Filament extrusion process under optimized conditions .

All extrusion parameters were optimized. Production took place in a sterile environ-
ment under optimal environmental temperature conditions. The most important param-
eter, which is the diameter of the filament, was recorded and controlled by software from
3devo (Figure 4). The filament diameter plot shows a uniform flow in the desired range
for the subsequent 3D printing of the aorta model .

Figure .4. Filament progress graph recorded using 3devo software.
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4. 3D printing and simulation of the aorta model

Using FFF additive manufacturing technology, we printed an aorta model from the
manufactured medical filament. The printing settings were as follows: printing tempera-
ture 175 degrees, plate temperature 90 degrees, used nozzle with a diameter of 0.4 mm.
After printi ng the object, we proceeded to the pressure simulation on the walls of the aorta
(Figure 5). We set the tubular to a diameter of 32 mm and a wall thickness of 2.8 mm. The
simulation was performed with pressure on the inner walls, non -linearly distributed p res-
sure, so that the pressure is highest in the center and decreases towards the ends. The
pressure was set at 48 kPa.

FEEEEiEE)

Figure .5. Aort ic model and simulation .

5. Conclusion

This scientific article presents theoretical as well as practical outputs from the field of
material engineering, filament production, additive manufacturing and the actual simu-
lation of the final implant. The mentioned scientific study brings new knowledge to ma-
terial engineering and is the theoretical output of the production of filaments that will be
used in the field of medical applications. Nowadays, the emphasis is placed on the re-
search of new biodegradable materials and their possible use. The production of filaments
based on biodegradable polymers brings new knowledge and connects medicine with en-
gineering. When using filament in additive technologies, it is essential that it meets the
requirements necessary for high-quality 3D printing of implants suitable for tissue re-
placement. Desirable filament properties include strength, good surface finish and con-
stant diameter. All these features contribute to the quality of the final print. Biocompati-
bility and biodegradability are important in medical applications.
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Abstract: Tissue engineering has emerged as an interesting fieldnowadays; it focuses on accelerat-
ing the tissue's self-healing mechanism rather than organ transplantation. It involves the implanta-
tion of in vitro cultured initiating tissue, or a scaffold filled with tissue -regenerating components
into the damaged area. Bioreactors are commonly used to apply biophysically relevant stimuli to
tissue engineering to investigate how these stimuli affect tissue development, healing and homeo-
stasis and offer great flexibility as key properties of the stimuli ( e.g.,duty cycle, frequency, ampli-
tude, and duration) can be controlled to elicit the desired cellular response.

Keywords: tissue engineering 1; bioreactor 2; cultivation 3

1. Introduction

Tissue engineering is based on the collaboration of several disciplines, where biological
sciences and technical principles are applied to the development of substitutes to restore
and improve the function of a tissue or organ. [1][2] Currently, tissues obtained from the
patient himself (autologous transplants) or tissues from a human or animal donor (alloge-
neic and xenogeneic transplants) are commonly used. However, in both cases, a number
of problems arise. In the case of autologous tissues, a limiting factor may be the lack of
suitable tissue for transplantation, while tissues from don ors may cause unwanted im-
mune reactions that may even lead to de-healing (if they are perceived as foreign) of the
tissue or the entire organ.[2] The goal of regenerative medicine is to repair structurally
and functionally damaged, dead tissues and organs. Methods in regenerative medicine
use tissue-specific cells, biomaterials, and biologically active molecules to enhance regen-
eration and support the formation of new and functional tissues. A tissue engineering
bioreactor can be defined as a device that ugs mechanical means to influence biological
processes. Mechanical stimulation in a bioreactor is used to transform stem cells into a
desired cell phenotype. Bioreactors can provide biochemical and physical regulatory sig-
nals that direct differentiation. Th ey also create an optimal environment by stabilizing the
temperature, humidity, pH level and oxygen level, which provides the most suitable con-
ditions necessary for cell growth and differentiation. In tissue engineering, bioreactors can
be used in severalareas. In the beginning, we need bioreactors for cell expansion. The cells
are intended for direct transplantation. Second, we use bioreactors to grow 3D tissues be-
fore implantation, such as skin, cartilage, bone, blood vessels, and others.[3][4]

24



Novus Scientia 202

2. Trends in tissue engineering

In the last two decades of research in the field of 3D tissue engineering, significant pro-
gress has been achieved, mainly by using progressive research in the field of biomaterial
engineering and 3D additive technology. Some ofthese tissueengineered, medical prod-
ucts have been transplanted IN VIVO as tissue substitutes or to support tissue regenera-
tion.

X Polymer -salt microfibers

At the Technical University of Messechussk, scientists are working on the development
of microfibers based on polymer and salt. Printing scaffolds from these experimental pol-
ymer-salt microfibers has potential in nerve tissue regeneration or transplantation. Using
a basic diagram representing spinal cord nerve injuries, American scientists predictively
designed a microchannel scaffold with a corresponding cross-section to support the re-
generation of the damaged area. A porogen (sodium chloride, NaCl) was used in the cre-
ation of the necessary broadspectrum fibers to precisely control their pore sizes, which
was previously inserted into the polymers for the production of pre -forms. The NaCl crys-
tals are first sieved to separate the required grain size and then mixed with the polymer.
The polymer/salt solution is spread on the surface to form thin films, whic h are then rolled
and consolidated around a polystyrene rod used as the core of the composite. The com-
posite preforms created in this way is wrapped again in polystyrene to create the perim-
eter structure. The fiber structure created in this way is fed to the nozzles, is melted, ther-
mally drawn, and applied in such a way as to create an optimal scaffold structure. [5]

Nerve gap
Spinal cord

Figure1 Demonstration of inserting the treated scaffold into the spinal cord.

X Phonometric bioreactor

At the Medical University of Graz, Australia, a phonemimetic bioreactor has been devel-
oped as a potential method for culturing vocal cord tissue. This bioreactor construction
has a case custom designed using 3D CAD software to which the BioFlex board can be
connected. For the production of the bioreactor, 6-well plates with a flexible, thin -walled,
silicone base 0.51 mm thick and with a surface area of 9.62 cm2 per well were used (Bio-
Flex, Flexcell International Corporation, Burlington, NC, USA). These plates were devel-
oped for a commercially available computer -controlled bioreactor that operates in a vac-
uum, where positive air pressure drives the movement of a cylindrical loading column
that cyclically applies stress to the cells. However, this system offered a maximum fre-
quency of only 5 Hz and therefore did not meet the requirements for more complex stim-
ulation (50 Hz - 250 Hz). To overcome this limitation, custom boards were created that
allowed us to stimulate the silicone membranes directly through sound waves, thus cre-
ating any stimulation pattern with high amplitudes and frequencies up to 10 kHz. The
speaker consists of an anodized aluminum cone; solid aluminum basket made of die-cast
material; elastic, rubber frame and Kapton coil, which is able to sufficiently wi thstand the
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research were edited and generated with the open-source sound application Audacity.
(audacityteam.org, registered trademark of Dominic Mazzoni) [ 6]

Loudspeaker POM housing BioFlex® culture plate

Figure2 Phonometric bioreactor and its basic parts

X Cellular scaffold based on hydrogel.

Omentum tissue (the omentum as a membranous double layer of fatty tissue that covers
and maintains the intestines and organs in the lower abdomen) is extracted from the pa-
tient and, after decellularization of the tissue, the extracellular matrix is processed into a
personalized, thermoresponsive hydrogel. The cells are reprogrammed to become plu-
ripotent and then differentiate into cardiomyocytes and endothelial cells. Differentiated
cells are encapsulated in a hydrogel and thus a secalled bioink (bioink) is created, which
can be usal to print personalized tissue. Subsequently, vascularized surfaces or complex
cellular structures can be created by 3D printing. The resulting autologous engineered
tissue can be transplanted back into the patient as a cellular replacement for a damaged
or destroyed organ with a low risk of rejection. [ 7] In the picture we see an example of
printing personalized vascular tissue inside the extracellular matrix of hydrogel.

Figure 3 Personalized vascular tissue inside a hydregatacellular matrix

X Bioreactor system intended for the cultivation of heart valves.

A developmental bioreactor system intended for the cultivation of heart valves was de-
veloped at Harvard University in the USA. With this system, it is possible to create live
valve implants by simulating suitable flow and hydrodynamic conditions. The main flow
path uses a dominant pulsatile pump to generate flow through the valve lumen and other
components to achieve the desired simulations of pressures above and below thevalve
valve during the cardiac cycle. Nutrient flow circulates between the heating, oxygenated
reservoir and valve chamber. Another flow circuit brings nutrients from the valve cham-
ber to monitor pO2, pCO2 and pH. The circulation circuit for stabilizing t he gas atmos-
phere ensures the uniform supply of a mixture of 95% air and 5% CO2 to the central res-
ervoir during cultivation. The body of the valve chamber is filled with cellular culture
medium. The tissue valve is placed between the connectors on the vahe chamber lid to
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ensure a quick installation. A borescope camera is positioned above the outflow side of
the tissue flap to monitor the development of the tissue construct in detail during culture.
The afterload generator (afterload as the amount of vascular resistance that the left ven-
tricle must overcome in order for blood to flow out of the heart) is located on the outflow
side of the tissue valve and consists of a stabilization chamber and a safety valve. The
elasticity of the aorta and large elastic arteries is simulated through the stabilization cham-
ber, while the safety valve helps to control the maximum systolic pressure. [ 8]

Compliance
| chamber

T
\
\

Relief valve

|

X Bioreactor for the cultivation of intervertebral  discs

Figure4 Basic parts of a flap culture bioreactor

Design of a mechanical device for cultivation, bovine, movement segments of the spine.
This two -degree-of-freedom bioreactor was developed to culture intervertebral discs un-
751008 —2S5>01Se—"@™'Z, EL1E"—+'«""—10’'i1Zid1Y.Theddive[-1
unit makes it possible to perfectly adapt the culture chamber to the length of the sample
and the biasing mechanism. Perfect adaptation is ensured by means of a screw piston,
which can be used to adjust the cultivation chamber downwards. When t he sample and
the pressure, titanium plate are in contact, the split shaft begins to move and applies a
preload depending on the stiffness of the spring. Also, the torque transmission mechanism
on the top cover transmits the torque through the shaft to the bottom of the cultivation
chamber. In this design of a two-degree-of-freedom bioreactor to optimally determine de-
generation and regeneration of disc tissue in vitro, it was shown that some type of "phys-
iological" loading is necessary for proper developmen t of intervertebral disc tissue. It has
also been shown that it is necessary to keep the disc matrix in continuous circulation of
the culture solution. [ 9]

Wheatstone Bridge
Force Cell (2DoF
force sensor)

Way Sensor

Fluidic Muscle

Culture Chamber
Angle Motor

Motorized —>
Stage

Motor-Belt ———

Figure5 Basic parts of the bioreactor for the cultivatiomtérvertebral discs
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X Bioreactor for the cultivation of tendons

Bioreactor using traction force in combination with circular circulation. This system
should be able to create implants that could be used to repair damaged tendons. (Oscil-
lating Stretch-Perfusion Bioreactor (OSPB)) The OSPB chamber was designed using 3D
CAD computer software (Solid Edge ST6, Siemens). Subsequently, the flow rates of the
cultivation chamber were designed by computer simulation in such a way as to achieve a
uniform flow of liqui d/cultivation medium. The cultivation assembly is composed of a
sterile part (that is, a cultivation chamber), a mechanism for inducing tensile forces and a
support disc. The chamber is composed of two holders for anchoring the tissue, flexible
silicone rubber, silicone tube hardened with platinum and three connectors for filling and
changing the culture medium. All these components are connected in a closed loop. The
cultivation chamber is placed on a 3D printed support disc of cyclic shape. The carrier di sc
also contains all the mechanical parts to activate the stretching phase during the dynamic
cultivation process through a mechanism for inducing tensile forces. The tissue anchor
holder consists of two main parts, a stainless steel clamp and a clamp cove made of delrin,
a biocompatible material. All components were custom made with high precision machin-
ing. With such a production process, a firm anchoring of the tendon was achieved by
means of holders during the stimulation and cultivation phase. The cla mp system has
been designed to be accessible via external control, allowing sterility to be maintained. To
ensure a firm grip, the clamp system has been designed with two alternating rows of ser-
rated patterns that interlock when the clamps are closed. The drive device consists of a
step linear drive; two miniaturized, linear guide rods with high precision; load cell and
two supports for fastening the cultivation chamber. The traction force was generated by a
linear magnetic drive and transferred to the cult ured tendon through a movable shaft. The
load acting on the cells was in the capacity of 600 N. The culture chamber allows perform-
ing an unlimited perfusion flow simultaneously in combination with stretching, in an au-
tomatic manner, without the need for us er manipulation. [ 10]

Covers with Luer-lock

Silicone bellows

Silicone tube

Linear Stepper
Motor
Supporting Disk
Linear guides
Load Cell

Figure 6 Bioreactor for the cultivation of tendons and its basic parts

3. Conclusions

Cultivation of living tissue is one of the main clinical challenges, but unfortunately this
challenge is limited due to the insufficient amount of building living tissue after cultiva-
tion. Because the growth of a cellular product in a stable culture facility has a limited sup-
ply of the necessary resources.The multiplication of cells in a passive culture device is
dependent exclusively on the passive dispersion of nutrients, which means insufficient
distribution of the necessary nutrients for cultivation, resulting in insufficient viability of
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the cultured tissue. A static culture device does not have the necessary microenvironment
for proper cell growth of living tissue. During static cultivation, cells are often placed un-
evenly on the surface, but also inside the scaffold, and there is no overgrowth and cell
viability across the entire diameter of the cultured cross -section.
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Abstract: The purpose of the paper is to design a machine technology for modifying cylinder head
channels and to describe the fundamental understanding of the topic in specific modification areas
that may be further improved. The paper includes an analysis of the issue, broken down into pa rts
based on the technological requirements to carry out a successful headmodification , the design of
the technological procedure of the modification , the implementation of the proposed procedure in
light of the theoretical knowledge obtained from the ana lysis of the issue, and the evaluation of the
results obtained in which at the same time, better alternative solutions are proposed.
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1. Introduction

In motor sports, it is common to modify car parts in order to increase the performance
of the vehicle. Car conversions are aimed at improving driving characteristics, safety and
especially at increasing engine performance. When modifying the engine, as well as other
parts, it is necessary to keep certain technological procedures in order to achieve the
desired result. The activities described were aimed at adjusting the cylinder head of the
combustion engine, more precisely at adjusting the intake and exhaust channels.
Madifications of these channels is normally done by hand machining. The disadvantage
of this approach is that the same shapes are not achieved in each channel, which is
desirable for maximum effect. In motorsport, even a small difference in pe rformance can
mean a lot, so it is worth investigating how the modification can be done mechanically
[1].

The surface of the serial intake and exhaust channels is rough and imprecisely
shaped, which is due to the technology used in the serial production of these parts. In
some castings, displacement of the mold cores is also visible. These facts cause flow losses
during intake and exhaust of cylinder c apacity. To reduce these losses and to increase the
filling efficiency of the engine, the wall s of the channels are smoothed, their shape changes
and the cross-section increases. Due to the thickness of the wall, thecross-section of the
channels can be increased by only a few millimeters [2]. Other modifications of the
cylinder heads are:

x lowering of the cylinder head,
x enlargement of the valve seats,
x modification of valves and their springs.
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All components that are related to these modifications must be properly coordinated,
thus ensuring their functionality and, consequently, an overall increase i n performance.
In order to start modifications, it is necessary to know how the finished channel should
look [3].

Due to the construction of the head, the channels have a adius, affecting the filling
efficiency of the engine. The bend of the channelenlarging cause increasethe losses in the
flow, which reduces the use of the cross-section of the intake channel, but at the same
time, a larger bend enables a simpler head design. Therefore, channel shapes are a
compromise among head design, cylinder fill rate, and cylinder vortex formation. In
sports engines, there is an effort to fill the cylinder as much as possible [4].

An important rule for modifications is: the bend of the channel must be as large as
possible so that its entire crosssection is used and at the same time that the flow of the
mixture flows evenly around the valve during filling. However, it is not easy due to the
design of the cylinder head. With a small curvature, when filling the cylinder, the flow
moves to the wrong places, where flow restriction occurs. By increasing the radius of
curvature, the flow is moved closer to the saddle, resulting in a similar flow on the
opposite side as well [5, 6].

2. Design and implementation of modifications

Modification of engine head channels is normally done using hand powered or
hydraulic tools with grinding wheels and cutters. During manual processi ng, various
deviations will arise between the individual channels, which can cause an uneven supply
of the mixture to the individual cylinders. Manual maodification is time-consuming,
therefore it is more efficient to implement machine modification for repeated
modifications of selected heads. However, the preparation for machining is lengthy and
therefore not suitable for one-piece modifications. The selected cylinder head from the
i""eS1IWiY1l '1[V1" 1Z—e' —Z71'1E " —-"—+C1707Z1 machibingt 1E S
is mainly the lack of knowledge of the original shape of the head geometry. Therefore, the
first step in the modification is the creation of a cylinder head model with the help of
reverse engineering. After the original geometry has been distorted, the geometry is
adjusted to the desired one. For this case, the dimensions of the channels were specified
according to the proven long -term experience of experts[6].

The required channel modification is as follows:

x On the intake side, the intake channes1 e~ Zee1@@eS>¢1S5¢1S1+'S—-7+7
and continue like a funnel to the beginning of the valve guide, where it
—S>>7 @1Zz—"e">—eC01e"1S1e’S—ZeZ>17e1&X_1——i1 eeZ>1s"
Zi™MS —e'"—1+"181¢S5-7¢751"918YX1--1S—1S1ce?
diS—ZeZ5>1701¢'2Z1YSeYZ10ZS+17+18YV1—-1"™M7Z " —e1'—

X The exhaustchannel also needs to be enlarged, but its geometry is no longer
So important, it is important to enlarge it so that the volume of exhaust gases
can leave the combustion chamber without increasing the load on the engine.

It increases from the combustion chamber to the exhaust system uniformly
e>"—181e'S—-7e751701&8XN1——-1"1S—1"YSe1"¢1X"N1{1ZX1-

X Realization of modifications.

2.1 Finding the original geometry

The original geometry of the channels needs to be determined in order to correctly
position the new, modified channel. It is necessary to take into account that a part that
contains many other functional elements is being modified. These elements must remain
untouched, such as valve seats, holes for valve guides, mounting threads and especially
the cooling circuit of the cylinder head. The original channel has its own specific shape,
and the wall between the cooling circuit of the head and the channels has a certain
thickness. If the trajectory of the original channel remained unknown, there would be a
risk of breaking through the wall to the cooling circuit during the implementation of the
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modification. The thickness of this wall is between 4 and 6 mm and @annot be clearly
determined without special equipment.

Engine heads are produced by casting from aluminum alloy. The original geometry
is unknown, either due to secrecy by the manufacturer or the age when the documentation
no longer exists. In order to determine the original geometry, the simplest available and
feasible method was chosen, namely measurement using common gauges and a
coordinate measuring machine (CMM ), which was used to determine the trajectory, axes
and diameters of the channels.

The basic geometry, the rough dimensions of the casting and the proportional
distribution of the shape elements were transferred to paper and then scanned using a
regular scanner. A simpler way would be to use a photograph, but due to the curvature
of the camera lers, a distorted geometry would be obtained, introducing further
inaccuracies into the process.

Subsequently, the scans were transferred to free planes in the CAD system and basic
shapes were sketched from them, such as the outer shape, the positions of théoles, etc.
. figure 1. The holes ensuring the position when fitting the head to the other engine
components were chosen as a reference for creating the geometry. At the same time, they
were chosen as bases for measurements on the CMM machine and also fodetermining
the reference point for the exact setting of the head on the CNC milling machine. The
remaining dimensions of the holes, necessary for the creation of the model, were
compensated against the scanned dimensions according to the measurements and
partially adjusted according to the found center planes. These planes were found to be
intermediate dimensions between the valve guides. The position of the guides is accurate
because it is a machined part of the head and not a cast one.

Figure 1. Scanstransferred to the CAD system.

Using the CMM, the coordinates of the points in the plane that represent the lower
curve of the intake channel were determined, as well as the positions of the selected
reference points, essential for the creation of the geometry. The scanned points were
transferred to the CAD system, where they helped to model the original channel
geometry. The scanned points are shown in figure 2.

Figure 2. Output from the CMM, scanned points for creating a guide curve.

32



Novus Scientia 202

Based on thesepoints, a guide curve was created. The curve is the basic element for
channel modeling with the "Sweep" tool. This tool is used to create objects with the same
or variable cross-section linked to the guide curve. Both types of channels - intake and
exhaust - were created with this tool. The created guide curve is shown in fig ure 3.

Figure 3. A guide curve created based on the scanned points.

2.2 Creation of NC program

A 5-axis continuous milling machine DMU 60 e Vo was chosen for the production of
internal shaped surfaces. The first step was choosing a suitable tool. Since it is an
enlargement of the cast hole, no predrilling or rough milling operations were necessary.
Due to the complexity of the surfaces and the difficult access to them, a tool was needed
that could also handle the so-called undercutting operations. Undercutting is the
machining of surfaces to which standard cutting tools cannot be positioned. Therefore, it
was necessary to use a special cutter. The geometry of the selected toolrables a cut up
«“1XAVUI

Creating an NC program begins with choosing the right strategy and determining
the geometric and technological parameters. The geometric parameters include the
machined and control surfaces, the curves bounding the machined surfaces and the guide
curves of the tool. Technological parameters are important for the correct guidance of the
tool, for perfect machining of selected surfaces, for movement during approaches and
retracts, for the way the tool is guided in possible collision, etc. The last step is
optimization the process. The chosen strategy is faxis continuous Morph milling , which
has circular toolpaths. This strategy requires the determination of the machined surfaces
and the boundaries of these surfaces, as well as the dedrmination of the tool guide curve.
The following cutting conditions were chosen: spindle speed S = 10000 ot./min.;
feed F = 1500 mm/min. The accuracy achieved aftermodification of the channels was
approximately 0.1-0.2 mm, because ofthe inaccuracy of the tool used, which was not
intended for CNC machining, and the tool could also be pushed off during machining.
The final shape of the tool paths can be seen in figire 4.

Figure 4. Final tool paths.
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2.3. Realization of production

The headcould be clamped in a vise, because ofavailable parallel surfaces. The head
is a rough cast from the underside and does not have a flat surface. To set it in the
horizontal plane, setting screws with nuts, placed in the grooves of the machine table,
were used. By adjusting the height of the nuts, the head was set in a horizontal position
and the flatness was checked using a dialindicator .

After positioning and detenting the head in the working space of the machine, the
position of the head, its rotation and the defined position of the zero point were
determined using a touch probe. These operations were followed by production itself.
Production records are shown in fig ure 5.

Figure 5. Production records.

3. Results

In the paper, a procedure and a method of modification the cylinder head of a stand-
ard internal combustion engine were proposed so that the engine could be used for sports
purposes. The presented procedure was based on the available optiongegarding the need
to modif y one piece of the head. In addition to the described modifications to the intake
and exhaust channels in the engine head, the following adjustments were made:

x  Lowering the cylinder head.

x Enlargement of valve seats.

X Modifications of valves.

X Replacement of valve guides [5].

The finished modified head is shown in fig ure 6 and is ready for assembly and test-

ing. The expected final effect of the modifications is an increase in engine power by 30 to
40 horsepower.

Figure 6. Finished modified engi ne head.
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4. Conclusions

Several improvements have been proposed for future modifications of combustion
engine heads, should they be implemented on a larger scale.

The chosen method of creating the geometry was the simplest, but lengthy, consid-
ering the current possibilities. For repeated modification , this procedure is inefficient. A
more advantageous way is to use 3D scanning. By scanning the head, especially its cavi-
ties, a polygonal model is obtained, which is then imported into CAD software. Based on
a 3D scan, it is possible to proceed to the actual creation of the adjusted channel geometry
in a fraction of the time.

A professional solution for the modification of heads from touch scanning to produc-
tion itself is the use of specialized Centroid machines, in which, among other things, cycles
for 5-axis probing of internal surfaces are available. The advantage is that all activities can
be performed in one clamping (probing, geometry modification, program creation, ma-
chining) [8].

Although the proposed cla mping method was the simplest, it did not provide suffi-
cient access to the cavities from both sides. The consequence was setting the head twice.
For repeated production, it is advantageous to use afixture . The fixture is designed as a
clamping block cutb ¢ 1 Z[Uil ‘Z1>ZSe™"—1+ 51«1 E71'®1+'Z1SEE:
both sides and the sufficient height of the head above the worktable of the machine, so
that there is no interference between the table and the headstock. The clamping plate con-
tains holes for fixing it to the worktable with screws, screws for setting flathess of the head
in relation to the axes of the machine and clamping screws. The design of thefixture with
the visualization of the clamping on the milling table is shown in figure 7.

Figure 7. The designed fixture and its visualization of clamping on the m illing machine.
Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Currently, there are several important reasons for using high -strength steel in the auto-
motive industry. Car manufacturers choose steel with good fatigue, good formability resistance,
and the ability to absorb impact energy. HSLA steels can fulfill these mentioned criteria. The appli-
cation of HSLA steel sheets has led to the development of new progressive joining techniques. Me-
chanical joining - clinch-riveting, is an innovative technique to join these progressive materials. In
practice, simulation programs are used to predict and optimize the joining processes before the join-
ing process is realized. One of the most used software for simulating the clinch-riveting process is
Simufact Forming. Simufact Forming software was used to simulate the joining of HX420LAD steel
sheets. Due to the axisymmetric nature of the clinch-riveting process, the simulation was simplified
to a 2D representation. The result of the simulation was compared with metallographic images after
the clinch-riveting process.

Keywords: clinch -riveting , Simufact Forming, numerical simulation

1. Introduction

One of the most significant problems in the automotive industry is the lightweight,
safe design, andthe enhanced crash response of specificar-body parts. Theseobjectives
lead to the increasing adoption of HS (high-strength) steel sheets for specific parts ofcar-
body structures[1].

One of the best known high-strength steels is HSLA (high-strength low -alloy) steel.
HSLA steels are fine-grained steels with a ferritic or ferritic -pearlitic structure, while they
are micro-alloyed with a minor addition of one or more elements such as aluminium, ti-
tanium, niobium, vanadium. In general, HSLA alloys are much stronger and tougher than
ordinary plain carbon steels. The low -alloy steel sheets have good machinability and har-
denability properties [2-3].

Clinch-riveting technology is an innovative tech nique to join these progressive ma-
terials. In this technology, a rivet of defined dimensions is pressed into the joined sheets
by a punch. The main advantage of this technology is that it is not necessary to pre-drill a
hole in the joined sheets before joning the sheets. Joints created by using clinchriveting
technology achieve higher values of load-bearing capacity compared to joints created by
clinching technology [4-6].

In practice, simulation programs are used to predict and optimize the joining pro-
cessessuch as mechanical joining . clinch-riveting before the joining process is realized.
One of the most used software for simulating the process of clinch-riveting is Simufact
Forming [7-8]. The paper deals with the comparison of the simulation and meta llographic
images after the processof clinch-riveting .
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2. Materials and Methods

In the experiment, one type of material was used. This steel is marked asHX420LAD.
The thickness of the tested steel sheet was 1.5 mntdX420LAD steel sheet was a zinc coat-
ing - hot-dip galvanized on both sides. Table 1 shows the basic mechanical properties of
the HX420LAD . The chemical composition of the steel sheets is shown in Table2. It was
not necessary to clean the samples before the process of clifcriveting . Figure 1 shows a
test sample according to STN 05 1122.

Table 1. Basic mechanical properties of the observed materials

Material Thickness [mm] Rpoz2[MPa] | Rm [MPa] Aso [%]
HX420LAD 15 490 565 19.5

Table 2. Chemical composition of the observed materials (% wt)

Material Chemical composition
c Mn Si Al
HX420LAD 0.09 1.2 002 | 0.035
[1 5 mm] Nb Ti p
0.0055 0.015 0.016

90

Lo}

L0

30
150

Figure 1. Sample dimensions according to STN 05 1122

Clinch -riveting

Clinch-riveting is a new, innovative technique to join progressive materials. The
clinch -riveting technique consists in pressing a solid rivet into the upper and lower plate;
the upper plate is mechanically wedged into the lower plate, similarly to the clinching
technology (shown in Fig. 2). The active parts of the clinch-riveting tools are punch, die,
and a sheet holder. The rivet placed directly in the joint ensur es an increase in the load
bearing capacity of the joint in the critical area of the joint.

Table 3. The parameters of clinching

Material Pressing force F Rivet dimensions Die diameter
[kN] [mm]
HX420LAD (1.5 mm) 90 @5x5 @8 mm

‘Z1™>Z7Zeoe’'—e1eH>EZL Swele'Z21®@S—-Z1+"51Seel"" " —el-Ss7
mm had moving segments. Steel rivets with S1¢’S—Z7+¢7517¢1 1[1--1S—+1S1‘7Z"s
were applied to create the joint. The parameters of clinching as technology are described
in Tab.3. Sample created by clinchriveting is shown in Fig. 3.
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Figure 2. The process of clinchriveting
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Figure 3. Joint sample created by clinchriveting technology
Simulating the process of clinch -rivet ing in the Simufact Forming software

Simufact Forming is a simulation software for usersworking with the technology of
forming. Simufact Forming software allows for both two -dimensional (axisymmetric and
planar) and three-dimensional simulations on the same graphical user interface. To sim-
ulate the technology of forming, we can use different types of common materials using
mentioned software. In practice, simulation software is used to optimize the processes of
joining before the joining process is implemented [7-8]. The working environment of the
used simulation program is shown in fig ure 4.

. g s e LY

ERCR NN H ey D, D

Figure 4. The working environment of the Simufact Forming

The parameters ofthe clinch-riveting process, necessary when defining the simula-
tion itself include the special friction coefficient, the holding force, and the specific dis-
tance of the punch stroke. In the simulation process of the clinch-riveting, the specially
shaped punch can only be moved in the specific - vertical position, with the punch making
a specifics vertical downward movement at a punch stroke.

The contacts between the tools and pined sheets as well as the contacts between the
joined sheets were defined as frictional contacts. Between punch/die and sheets was de-
fined as a friction coefficient of 0.12 and between sheets was defined special friction coef-
ficient of 0.2. The important boundary condition is a holder force of sheets - 100 N that
acts on the upper sheet to fix the joined sheets. At the exact moment, the distance of the
stroke height has been reached, the punch performs a backward movement to the starting
position. At the same time, the special force of the sheet holder stops to workng. The
specially shaped punch, specially shaped die, and sheet holder was specified as perfectly
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stiff and non -deformable bodies. The joined sheets and rivet were defined as deformable
bodies.

Metallographic observation

In this analysis, the changes in the microstructure of HX420LAD material were ob-
served . see Figure 5 A microscopic analysis of metallographic sections was performed
by light optical microscopes KEYENCE VHX - 500Q

it B 510.0um
Magnification: X700.00 N EAR

Figure 5. the microstructure of HX420LAD material . magnification x 700.00

3. Results

Figure 6 shows the development of plastic deformation during the joining process of
HX420LAD steel sheets in the4 characteristic steps.

1. drawing 2. compress

3. upsetting 4, punch

Figure 6. development of plastic deformation during the clinch-riveting process
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For better visibility of the presented results, the view of finite element mesh was used.
The most critical area of the joint during the clinch -riveting process is the sheet metal on
the punch side. The value of the maximum plastic deformation during the process of
clinch-riveting is located just in the upper sheet at the point where it is excessively thinned
(area of the neck of the joint). It is possible to verify the simulation and c ompare it to the
results of a real joining process- clinch-riveting. Figure 7 shows a comparison of the cross
sections between the real joint created by clinchriveting and the joint resulting from the
simulation .

Based on the results, real values of theprocess of clinch-riveting can be compared
with values after simulation, such as the position and shape of the rivet, the thickness of
individual sheets, or the interlocking between the rivet and joined sheets. Comparison of
the crosssections between thereal joint created by clinch-riveting technology and the joint
resulting from the simulation (see Fig.7). Fig. 7 also contains the dimensions- the thickness
of the sheets in the bottom, on the side and the dimensions of the rivet. After comparison
we can deduce, that the deviations are significantly different.

ooy

Figure 7. Comparison of the cross-sections between the real joint created by dinch -riveting
technology and the joint resulting from the simulation.
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5. Conclusions

The paper presented the simulation of the clinch -riveting process. The simulation has
been simplified into 2D conditions based on the axial symmetry of the process of clinch-
riveting . The results of the simulation of the process of clinch-riveting in the form of the
representation of the plastic deformation in the steel sheets during the individual mechan-
ical joining stages were observed.

Based on the results of the performed experiments and based on the simulation, it
can be stated:

X The joints created by using technology such as clinch-riveting are classified
asjoints created by environmentally friendly joining techniques, they are less
harmful to the environment, especially when joining hot -dip galvanized
steel sheets.

X Based on the results, real values of mechangal joining as clinch-riveting can
be compared with values after simulation, such as the position and shape of
the rivet, the thickness of individual sheets, or the interlocking between the
joined sheets (called the "S" shape of the sheets).

X Based on the \sual cross-section comparison of the results, it is possible to
state that the result of the simulation does not correspond to the real experi-
ment, there is a significant difference. The rivet is not equally deformed, nei-
ther the upper sheetnor the bottom sheet when comparing the results of sim-
ulation and real clinched joint.

Acknowledgments: The author is grateful for the support of experimental works by project VEGA
1/0259/19 Research of innovative forming and joining methods to improve the performance of thin -
walled components.
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Abstract: The publication is focused on the development and production of in -ear hearing aids
(ITE - in the ear). The study describes the manufacturing process of an inear hearing aid using 3D
modeling and additive technology. It also provides a closer look at the variants and circumstances
involved in the production of a hearing aid cup. The publication describes in more detail the indi-
vidual stages of production - from taking and scanning the impression of the patient's ear, to the
physical production of the cup (shell), in which the electronic components of the hearing aid are
placed. At the end of the publication, the benefits that the production process using additive tech-
nology provides for practice, science, research and, last but not least, education are summarized.

Keywords: ITE 1;hearing aid 2; shell 3; 3D printing 4; CDLP 5

1. Introduction

Hearing is one of the five basic senses. It is the most sensitive human sense that per-
ceives sownd, which in this context can mean speech, music, noise, etc. Hearing enables
a person to identify and recognize objects in the world based on the sound they produce
hearing enables communication using sound [1].

A healthy, young auditory system can silently detect tones with frequencies from
about 20 to 2,000 Hz. The auditory field (or hearing area) is the range of all sounds that
the human ear can perceive. At eachfrequency there is a different difference in intensi-
ties that we hear. The human auditory organ is most sensitive in the frequency range of
1.5 kHz [2,34].

People can perceive sound in several ways. Through the air, when the waves
spread from the external environment through the entire auditory system, i.e., through
the outer, middle, and inner ear to the brain. Another method of sound transmission is
the bone path, where the sound vibration is transmitted through the bones of the skull
directly to the cochlea of the bony labyrinth [ 1].

Hearing disorders are caused by damage to the auditory system, that is, when any
of its parts is disabled [5]. If we talk about reduced function of the auditory system, it is
possible to talk about hearing impairment, reduced hearing acuity, unilateral hearing
impairment, hearing loss or deafness [6].

A hearing aid is an electronic aid that enables a person with a hearing impairment
to better hear sounds from the environment and to understand speech more clearly. This
results in an overall improvement of the client's communication skills. Hea ring aids are
able to automatically emphasize sound coming from a certain direction, focus on speech,
suppress ambient noise, or compress sound frequencies so that they are audible to the
ear [6,8].
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An in -the-ear hearing aid (ITE) is an electroacoustic amplifier that amplifies weak
sound to the intensity needed to accommodate the ear. It can be adapted to different
hearing losses. If the hair cells in the cochlea are damaged, the remaining cells can pick
up the amplified sound and send it as an electrical signal to the brain [ 7].

All hearing aids use the same basic parts to transmit sounds from the environment
to the ear and amplify them. Most hearing aids are digital, and all are powered by either
a traditional hearing aid battery or a rechargeable battery. Small microphones collect
sounds from the environment. A computer chip with an amplifier converts the incoming
sound into a digital code. The device analyzes and adjusts the sound based on the pa-
tient's hearing loss, listening needs and the level of sounds around the user. The ampli-
fied signals are then converted into sound waves and reach the ears through speakers
[7,9,10].

Currently, there are several types of ITE devices on the market [10,11]. The focus of
this publication is the production of an ITE shell using the method of additive technolo-
gy. The topic of the publication is highly topical considering the increasing number of
people with hearing impairments. The reality is that, according to information, no com-
pany is currently involved in the physical production of hearing aid structures in Slo-
vakia. Listening devices are loaded into shells that were manufactured abroad and im-
ported to Slovakia. Alternatively, electronic components will only be set up in  Slovakia.

2. Materials and Methods

To determine a suitable digitization process to produce an ITE shell, it is necessary
to determine the materials, equipment, and method of the procedure. These important
parameters are described in the next chapter.

Materials: Silicone impression material of medical quality, scanner E3 (3Shape, Co-
penhagen, Denmark) - stationary scanner, object scanning accuracy up to 7 micrometers
[11]. Modeling using the 3Shape Shell Designer software (3Shape, Copenhagen, Den-
mark) [11], this is a medical software directly intended for modeling and designing t he
design of a hearing aid shell. A VIDA device (EnvisionTEC, Detroit, Michigan) was used
for 3D printing, which uses Continuous digital light processing (CDLP) technology. The
Shell model was then transferred to the software Perfactory RP 3.2.3594 (EnviinTEC,
Detroit, Michigan), which is used to prepare the data for the 3D printer. The material e -
shell 300 methacrylate (EnvisionTEC, Detroit, Michigan), transparent color, was used for
3D printing of the ITE device of the ITC type. An Otoflash UV oven (Env isionTEC, De-
troit, Michigan) was used for final curing of the model. The finalization of hearing aids,
such as the application of electronic components, is carried out in designated companies.

Procedure method: After the ear impression is made, the model is scanned using
the E3 scanner. The scanner scans the imprint geometry as a cloud of points, then an STL
file is created (Fig. 1A). The model was designed taking into account the anatomical fea-
tures of the ear impression, such as canal, opening, concha, tagus/antitragus, notch,
crus, cymba/anticymba.

Designing the final shape of the hearing aid shell is a process where a virtual STL
model of the ear canal that has been created by scanning is modified. After entering the
digitized impression model into the 3Shape Shell Designer software, the ITE appliance
category, as well as its size and coil integration, are selected. It is also necessary to enter
the optional components that will be displayed during the "Simulation of electronic
components" step, and alsoindicate whether it is the right or left ear. The "Plane cut"
function, which cuts the bottom of the scan, creates a cavity inside the scan, into which
the components are inserted. The plane is drawn in the software with a classic line
across the lower part of the imprint. For ITE devices, this also defines the length of the
device. This plane should pass through the trangus, antitrangus and anticymbuses. With
ITE, it is necessary to remove part of the cymbal, with ITC/CIC, the cut is applied only at
the place of the crus, and with invisible types of ITE, the cut is applied only at the open-
ing, so that the device is completely in the canal. As part of this step, it is also possible to
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set "Surface offset”, which creates an offset (enlarged) model from the weiginal scan. This
step is similar to covering the stamp with wax in the conventional production method.
The step is necessary because the ear is a dynamic element, or the stiffness of the canal
varies among patients - some have stiff ear canals, others hae rather soft ones. During
mandibular movements, this leads to enlargement of the auditory canal. Based on the
study by R. Oliveira, R. Babcock et al. and the studies of A. Delnavaz and J. Voix, it is
possible to say that the volume of the channel can inaease by up to 2011 3 /mm or an
increase in the diameter of the channel by 2 mm [13,14]. Therefore, ITE devices can fall
out, and the offset from the scan of the impression is an important step. When modeling,
it is also necessary to know whether it is a pediatric patient in whom the auditory canal
is softer. The thicknessis offset evenly. The size determines the offset between the inner
and outer walls. There is usually an "offset" of 0.4 mm (Fig. 1B). Using the "Sculpt" func-
tion, it is possible to modify any artifacts, add or remove material. To smooth the final
model, the software offers several options such as "Spline", "Tube", "Brush", "Spray" or
"Edge Smoothness". The "Fillet” function cuts off the top of the stamp and rounds it off.
The step determines how deep into the ear canal the ITE device will be placed. The "lip
Fitting' feature allows you to select a tip fitting type and then by positioning the cutting
plane it changes the depth of cut along the center line of the tip. The size refers to round-
ing. Using the available control points of the plane, it is possible to tilt and taper it (Fig.
1C). The addition of a vent or Vent, a tubular structure that runs along the entire length
of the shell allows air to pass through the listening device (by inserting the ITE device in-
to the ear, the air pressure inside the users ear canal will be the same as the ambient air
outside the ear). The vent also provides low-frequency reduction in the sub-1000 Hz re-
gion. "Step vent" allows you to create and determine the optimal place at the top of the
channel for the placement of the vent. This step is performed to prevent occlusion (Fig.
1D).

A

Figure 1. Scanned impression of the left ear (A). Using the function "Plane cut" and "Offset" (B).

Using the "Fillet" function (C). "Step vent" function (D).

The "Component placement" function allows the simulation of the placement of
electronic components in real time (Fig. 2A; 2B). The finalization of the ITE 3D design fo-
cuses on the shape of the device. Using the "Spline" curve, a cut is defined on the plate
wit h a "faceplate” that is glued to the shell after production (Fig. 2C). When the shape of
the device is fixed, the vent path is adjusted using the "Vent" function (Fig. 2D). It fol-
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lows the simulation of the storage of the components and the addition of the "faceplate”.
As the last step of the 3D design, the identification of the device is placed on the surface
of the cover, usually from the inside. The identification is specific to each manufacturing
company, as well as the device according to the client towhich it is intended (Fig. 2E).
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Figure 2. "Component placement" function (A). Editing the model and component placement (B).
"Shape" function (C). Creating a vent path (D). Final 3D model of the ITE apparatus created for test
printing

A VIDA 3D printer was used to produce the shell of the ITE hearing aid. It is a 3D
printer using Continuous digital light processing (CDLP) technology, which creates a
printout from an acrylic stock using LED light source curing. The accuracy of t he 3D
printing of the apparatus was set to 100 microns. The transparent color e-shell 300 meth-
acrylate material was used to produce the ITE shell device of the ITC category. The shell
model is ported to Perfactory RP 3.2.3594 software, for platform placement and support
structure settings. The total 3D printing time was 64 minutes (Fig. 3A).

After printing, the print was removed from the platform (Fig. 3B). Subsequently,
the supporting structures were also separated. During 3D printing, they ensured that th e
printout was not placed directly on the platform and thus damaged or otherwise de-
formed when separating from the platform. Subsequently, the shell is cleaned with iso-
propyl alcohol and placed in the Otoflash UV curing oven. Two light bulbs in the lower
part of the oven operate at a frequency of 10 flashes/second. Flashes produce very in-
tense light radiation in the 300-700 nm spectrum. Thanks to this, additional hardening of
the material is possible, which improves the final physical properties, as well as a lower
content of residual monomer in the material. Also, by using a UV oven for this purpose,
it is possible to harden the shell without emitting heat, which would cause deformation
of the shape of the shell, which must not occur. The total time for curing the print did
not exceed 700ms (Fig. 3C).
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Figure 3. Placing the 3D model on the platform with the addition of the support structure (A).
Removing the printout from the platform; the print together with the  supporting structure (B). The
final component of an ITE hearing aid manufactured using additive technology from different

angles (C).
3. Results and discussion

3.1.Benefits of additive technology in the production of hearing aids

The advantages of applying additive technology in the field of hearing aid produc-
tion brings benefits for the technical worker as well as benefits for production.

The use of hypoallergenic material to produce the shell is attractive from the point
of view that all photopolymers un dergo extensive testing to ensure this property, while
the curing method, which changes the chemical structure of the material (decomposes
the monomer), also helps. Another advantage of these materials is increased resistance
to pressure and external influ ences.

Among the main advantages of 3D design, reproducibility can be included, i.e., the
possibility of re -3D printing of the shell model of the device previously stored in the da-
tabase. This reduces the waiting time for the patient, as well as the fact hat it is not nec-
essary for the ear impression to be taken again in case of loss or malfunction of the de-
vice. 3D scanning ensures an improved retention position of the appliance, which is im-
portant due to the dynamic nature of the ear canal. It consists of cartilaginous and bony
parts. The cartilaginous part of the canal moves together with the entire temporo -
mandibular apparatus. In some cases, this leads to retention problems, but when model-
ing using a CAD system and 3D printing, this problem is eliminab le. This advantage is
especially important for invisible types of ITE.

From a technological point of view, the same thickness of the wall of the entire shell
as well as of the vent is especially noteworthy, where this feature could not be guaran-
teed during conventional production, as it depended to a large extent on the knowledge
of the technician. With the knowledge and experience of the technical worker, in the case
of the conventional production method, more detailed modifications are also related.
Using modeling software, it is possible to correct imperfections on the scan of the origi-
nal imprint.

Due to the high accuracy of printing 3D devices, it is possible to produce the small-
est possible devices. This feature is given by the possibility of additive manufacturing
and especially by accurate modeling, while the designer relies to a large extent on "elec-
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tronic components simulation" and "collision control" for the selected software. This al-
lows the electronics to not be in contact with each other or with the shell wall. The se-
lected electronic components can thus be tightly stored inside the 3D printed cup.

In addition to the mentioned advantages for the technician, or additive manufactur-
ing is advantageous for the patient as well. It mainly concerns a better and more accu-
rate geometry of the product, as well as its complexity. When manufacturing the shells
of ITE devices, it is a highly complex geometry on a small scale and therefore requires
high precision manufacturing. More accurate production is also directly related to mate-
rial consumption. When using additive technology, there is a reduction in excess materi-
al stocks and thus also waste. The elimination of multiple grinding and trimming in
production is in the context of high precision manufacturing in additive manufacturing.
It is not necessary to gradually sand and trim the cured photopolymer in the process. In-
stead, it is enough to sand down the support structures that were used in 3D printing.

Due to the fact with which 3D devices work with precis ion, the risk of errors is also
reduced.

The software and equipment used in this production are designed intuitively, and
thus it is possible to quickly train personnel without previous experience in working
with such equipment and software.

With the possibility of placing shells within the 3D device platform, it is also possi-
ble to talk about serial production. Despite the fact that each print is unique, which was
a problem with the conventional production method, when adapting additive manufac-
turing, this is not the case. Today it is possible to produce/print several shell models at
the same time. The only limitation is the size of the 3D printer platform. The entire pro-
duction process is thus cheaper and faster.

From the above-mentioned advantages of additive technology compared to conven-
tional methods of manufacturing ITE cochlear hearing aids, it can be concluded that ad-
ditive technology could be beneficial in this area, mainly due to its accuracy and speed
of production of individual cochlear hearing ai ds.
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Abstract: The article describes the design and strength calculation of a low-pressure steel vessel
which has a non-standardized shape and is used to store hydrogen in the structure of TiFe-based
metal alloys. The design of the structure is made of three parts, namely the elliptical part, the con
necting part and the cylindrical parts in which t he passive heat exchangers are placed. The strength
calculation was carried out as a result of the determination of the ideal thickness of the vesselwall
for the implementation of the required vesselin operating conditions.

Keywords: Hydrogen, metal alloy, metal hydride reservoir, hydrogen storage, strength calculation,
non-standardized shape

1. Introduction

Hydrogen is receiving more and more attention in Europe and around the world.
The most important aspect is the fact that the energy recowery of green hydrogen in fuel
cells produces no air emissions. Thus, it represents a possible solution to partially decar-
bonize industrial processes and economic sectors.

Today, several EU member countries as well as other developed economies- the
United States of America and Japan- are testing the possibilities of using hydrogen tech-
nologies in the field of individual and mass transport through the implementation and
introduction of hydrogen solutions for means of transport. One of the basic challenges i s
increasing the safety of hydrogen fuel storage. Currently, hydrogen fuel is stored at ex-
tremely high pressures of 35-95 MPa. Today, there are options for storing hydrogen in
various compounds that provide better storage options.

The implementation of hydrogen technologies with metal hydride vesselsprovides
scope for increasing the safety and storage of B at lower pressures. Metal hydride storage
vesselshave some advantages over other storage options. They are characterized by a
relatively high volumetric energy density.

This paper focuses on the design of an efficient hydrogen storage system using a
metal hydride alloys. It solves the problem of the design of a non -standardized metal-
hydride vesselwith internal heat exchangers, which serve to remove the generated heat
during the absorption of hydrogen into the structure of the metal -hydride alloy.

2. Structural design of non -standardized metal hydride vessel

The structure consists of three parts, ramely the bottom of a rectangular shape, the
connecting part and the cylindrical tubes in which there are passive heat exchangers. The
structural design of the non-standardized vessel was solved so that all circumferential
welds on the structure were controllable. The connecting part connects the rectangular
bottom with the cylindrical pipes shown in Figure 1. The cylindrical pipes are wrapped
in a casing that serves for the flow of cooling liquid. The material of which the vessel is
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made out of is stainless steel 316l-:1.4404. The mechanical properties of this steel are
shown in Table 1.

1- rectangular bottom of atypical shaf@e connecting part
3- cylinder tubes with passive internal heat exchangers
4-Flange 1oce
Figure 1. Structural design of the metal hydride vessel

Tablel. Mechanical properties of stainless ste@16l-1.4404

0.2% Re Rm e1 . E
(MPa) (MPa) 07e 3 (MPa)
205 515 7950 0.3 XTW WV

Where: Reyield strength, Rm» S E vP S$Z & E vy PSREUSSER's number anBYoung's modulus of elasticity.

Table 2 shows the individual parameters of the designesiel
Table 2 Parameters of the designed vessel

The weight of the empty vessel 19 kg
Weight of metal hydride 22.557 kg
Total weight of the vessel with MH 41.557 kg
Metal hydride volume \1Z Z-3\wmy
Mass of stored hydrogen 0.31 kg
Volume of hydrogen 4.28 e
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Generated heat 37060.5 kJ

B: Static Structural

Equivalent Stress

Type: Equivalent fwon-Mises) Stress

Unit: MPa
Tirme: 1
03/12/2022 15:18

102.37 Max
21,006
T0.644
68282

5682

45.559
34197
22835
11.47%
0.11143 Min

3. Strength calculation of the non -standardized metal hydride vessel

The strength calculation of the reservoir was carried out in the ANSYS Static Struc-
tural program. At the beginning of the simulation, it is necessary to define the boundary
conditions and determine the material values for stainless steel 316L-1.4404. Boundary
conditions used in simulations:

x Adjustment of fixed support, which is located at the bottom of the vessel

X A pressure setting of 3 MPa, which represents the maximum working pressure,
and later the internal pressure was changed to 4.7MPa, which represents the max-
imum test hydraulic pressure above atmospheric.

X "——S—el'Ce> @S EL1™>Z0eZ>21 '+ BiZthednsideé arealofVVV 1’
the vessel, which represents the metal hydride load.

X Z-™Z>Se2>Z1E " —e'+""—17«1\V1U 81 "E‘'1>Z™>Z@Z— el
perature with the use of a metal alloy and is also considered the limiting temper-
ature for the absorption of the alloy by hydrogen.

x Standard Earth gravity upon vessel has been set
In Figure 2, it is possible to see the maximum stresses that arise on thevesseland are
considered safe, beause the values of the maximum stresses did not approach the value

of the yield strength point of the selected material.

Table 3 shows the simulation results at a working pressure of 3 MPa, and Table 4
shows the simulation results at a maximum test pressure of 4.7 MPa above atmospheric.

A

000 100.00 200.00 (mmj
I 1

50.00 150.00

Figure 2. Emerging stresses on the vessel at a working pressure of 3 MPa
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B: Static Structural
o

Type:
Unit: mm

03/12/202215:20

0.043805 Max
0.038938
0.03407
0029203
0024336
0.01469
0.014602
0.0097344
0.0048672
0Min

000 100.00 20000 (mm) X)\ ¥
I ]

50.00 150.00

Figure 3. Emerging total deformations on the vessel at a working pressure of 3 MPa

Table 3. Simulation results at an internal pressure of 3MPa

Total deformation 0.04 mm
Directional deformation in x -axis 0.031 mm
Directional deformation in z -axis 0.04 mm
Field of reduced stresses according to 102 MPa
Von Misses

Table 4. Simulation results at an internal pressure of 4.7MPa

Total deformation 0,0687 mm
Directional deformation in x -axis 0,049 mm
Directional deformation in z -axis 0,068 mm
Field of reduced stresses according to 160.37 MPa
Von Misses

4. Discussion

From the simulation in the Ansys Static structural program, it was found that the
non-standardized vesselfully meets the requirements for the operational parameters of
hydrogen storage from a strength point of view. With the help of simulation, suitable
thicknesses of individual parts of the vesselstructure were chosen with respect to the re-
quired structural strength, but also with respect to the distribution of the temperature field
during the absorption and desorption of hydrogen.

5. Conclusion

From the results of the simulation, it was found that the tension that arose on the
vessel at the maximum test hydraulic pressure above the atmospheric 4.7 MPa did not
exceed the yield point of the selected material 3161-1.4404.The next step in solving the
designed atypical metal hydride reservoir would be to verify the spread of heat transfer
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through simulation and to propose a suitable method of cooling the reservoir during the
hydrogen absorption process.

Acknowledgments: This paper was written with the fina ncial support from the VEGA granting
agency within the project solutions No. 1/0626/20, No. 1/0532/22,and No. 1/0224/23from the KEGA
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Mapping of the surrounding environment of the mobile robot
based on the LIDAR localization system
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1  Technical University of Ko sice, Department of Production Technology and Robotics.
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Abstract: This article describes the possibilities of using LiDAR laser scanning systems and their use
in localization and spatial mapping for mobile robotics. Using distance data to surrounding objects
from 2D scanning is an opportunity to localize the position of the robot. The work is divided into
two parts. The first part is about the possibilities of 2D scanning and the second part compares the
obtained results with different LIDAR settings. Of course,to obtain an autonomous robot, these data
must be processed by the processor installed on the robot, for which the program will be written.

Keywords: Mobile robot, Measurements, LIDAR, Localization, 2D scanning .

1. Introduction

Testing was performed based on LiDAR (Figure 1) from Slamtec . RPLIDAR A2M8
Y\WWU1S—e¢1 >8S-71+>S<<Z>185™ ™' ES.’"LiDAR dnd obtaining mead1 oo Z « -
urement results [1]. There are many implementations of 2D SLAM and 3D mapping with
different sensor configurations. Most hardware configurations use a dedicated sensor for
2D SLAM along with additional sensors used for 3D data collecti on. This article discusses
the basics of 2D mapping with the help of a single LiDAR sensor and for the future use of
the most suitable methods of scanning the environment of indoor spaces with effective
settings in robot localization.

To obtain the results, a base was used the construction of a mobile robot (Figure 2),

on which the LiDAR system was installed. The sensor is directly connected to the com-
puter to receive and process the received data.

Figurel ' 1 X ~1Y\VU

By recording not only the time it takes for the laser beam to return, but also the angle
at which it bounces, LIDAR data can be combined with other information to create highly
accurate 3D maps. Professional iDAR systems are often paired with GPS devices, an-
other technology now widely used [6].

Basic sensor data:
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Model A2M8
Measurement range 02m-12m
Sampling frequency 8000 fps
Rotation speed 10Hz (5Hz-15Hz)
Angular resolution Viz[U

Tabl Featured.iDAR

RPLiDAR A2M8 is an improved version of the 2D laser scanner (LiDAR). The system
can perform 2D 360-degree scanning with a range of up to 12 meters (Tab. 1). The gener-
ated 2D data creates point clouds that can be used for mapping,localization, and model-
ing of objects/environment.

2.Testing LiDAR

The test space, assembled from a base plate measuring 1.2x1.2m, was continuously
delimited around by randomly arranged walls (Figure 2). The LiD AR was connected via
an adapter and cable directly to the computer.

Figure2 Test space

On the left side of the picture, the real location of the robot with the sensor in the test
area is shown, while on the right you can see the results from the LIDAR sensor in the

form of point clouds that creat e a map.
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To achieve the necessary results, we will use the settings of the laser sensor according
to the possibilities of the application, and we will test the different frequency of revolu-
tions of the measuring head of the sensor.

Standard s 2
Express “n =]
Boost () il Max(2023
® Sensitivity
Stability G

Figure4 Mode and speed settings

Each mode has its own humidity, sampling quality and number of created points.
When applying an autonomous robot, it w ill also be necessary toconsider the energy con-
sumption of these variants. At high revolutions, we have a better sensor response, but
more energy consumption, a smaller number of points.

3. Measurement results

All measurements were performed at one point in approximately the middle position
on the testsurface andwere repeated 10 times for each LIDAR scanning mode. The results
of those measurements are shown in the graph on Figure 5. For a better representatiorof
the results of the number of measurements, additional graphs were created for different
modes: "standard", "express" and "boost" Figure 7.

Pocet nameranych bodov pri 10Hz

713
663
600
500
436
336

200 175
) I

0

Standart Express Boost Sensitivity

Stability

Pocet bodov
8
3

8

Figure5 The number of scanned points in different modes

Standard 175
Express 336
Boost 713
Sensitivity 663
Stability 436

Tab.2 Number of scanned points

According to Tab. 2, it can be seen that the largest number of points and, consequently,
the best mapping quality is with the "Boost" mode. The worst results were obtained using

the "Standard" mode. In the graphs in Figure 7, we compare three modes, where we find
that the first mode has one point per 2, compared to "Boost", this value is equal to 0.5, thus
the cloud point density is much great er.
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10.9 Hz (655 RPM) 10.9 Hz (654 RPM)

STANDARD

Figure6 Comparison Boost a Standard

According to Figure 6, we define that "Standard" mode is not suitable for mapping, especially for
large spaces. The problem arises at the corners of the space, whered tb&/ X UHPHQW UDQ

too low to reach the necessary points. For better quality and number of points, it is correct to selec
"Boost" mode.

Standart

Figure7 Accuracy of measurements in different modes

57



Novus Scientia 202

5.7 Hz (343 RPM) 10.0 Hz (602 RPM) 19.1 Hz (1147 RPM)

MIDDLE

Figure 8 the difference in the number of revolutions per scan result

The dependence of the rotation frequency of the sensor head on the number of points
reached is very high (Figure 8). According to the graph in Figure 9, it can be seen how the
quality of map ping rapidly decreases due to the decrease in the number of created points
in 2D space. But at the same time, each created point at a high frequency (19.1Hz) is re-
newed more often, which allows the robot to have a faster response, which is necessary at
high movement speeds. The recommended frequency is 10 Hz. With such a frequency, we
will get a sufficiently high -quality map, with many points, but also a sufficiently fast re-
sponse.

Zavislost od poctu otaciek

1277

689

bodov

Pocet

OW (5,7Hz) MIDDLE {10 H2) HIGH (19,1 Hz)

Figure9 The dependence of tmember of points on the speed of the sensor head

4. Conclusion

According to the achieved results, it is possible to claim that for the further use of the
laser sensor for the purposes of localization, mapping (SLAM) and for enough of the re-
sulting points r eached during the robot's movement, we need to choose a suitable LiDAR
mode and suitable revolutions. It is also necessary to test this function for longer distances,
for example a room with dimensions of 10m x 10m, and to find out the necessary param-
eters for the functioning of the autonomous robot (especially the speed of movement in
space and energy consumption for the selected mode).
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Evaluation of Mechanical Properties of Selected Types of Thin
Steel Sheet

ge'zel S5%"S—"S1 S*2—C""VYa

1 7JE —ESel —'VZ>0'e¢1"+1 "AEZ81 SEZest1 01l ZE'S—"ESel —o'— 77> —s¢
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2 JE — ESel —'VZr0'e¢1"e1 "AEZ81 SEZest1"e1l ZES—ESel —o'—77> —si
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Abstract: The future and survival of industries in Slovakia in a highly competitive environment
depends on the use of high value-added materials and reducing production costs with respect to
the environment. One of the materials that meet these conditions is high-strength steel plates,
which are needed for the production of high -quality and high -performance parts in the automo-
tive, food, electrical and other industries. We need to know their mechanical, technological, physi-
cal and chemical properties, with regard to the specified requirements of processors, for their cor-
rect and appropriate processing and use. In this paper, we are dealing with the evaluation of two
types of steels, microalloyed steel and TRIP steel. The results from two process tests, uniaxial ten-
sile test and biaxial tensile test are compared. Finally, the results of the tests are evaluated.

Keywords: Uniaxial tensile test, biaxial tensile test, mechanical properties, TRIP steel, micro al-
loyed steel

1 Introduction

Nowadays we are facing new challenges and one of them is the most efficient use
and processing of semifinished products into final products. One of the materials pro-
cessed in the automotive industry, and not only in the automotive industry, is thin steel
sheets. Steel is a material with significant innovation potential. The innovative and per-
formance capability of steel is particularly evident in the development of high -strength
and ultra -high-strength steels. In order to reduce the amount of steel sheet sed in the
manufacture of final products, manufacturers are inclining towards reducing the thick-
ness of steel sheet. However, this reduction must not be at the expense of mechanical
properties. [1]
These requirements are met by a group of steels where we nclude high strength steels
(HSS), advanced high strength steels (AHSS) and ultra high strength steels (UHSS). All
these material groups have suitable mechanical properties to meet all stringent envi-
ronmental standards, customer requirements along with economic availability for the
manufacturer. For their appropriate and efficient use, we need to know their chemical
composition, formability and mechanical -technological properties. Therefore, in this pa-
per we are concerned with the evaluation of the properti es of thin steel plates by uniaxi-
al tensile test and biaxial tensile test. [24]

2 Materials and Methods

2.1 Materials

For the evaluation of the mechanical properties we used two types of steels, microal-
loy ed steel with the designation H220PD Z100MBO, thickness ao = 080 mm (hereinafter
referred to as "M") and transformation -induced plasticity steel designated TRIP
RAK40/70 Z100MBO, thicknessao =0.75 mm (hereinafter referred to as "T").
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Both evaluated M and T steel plates were electrogalvanized on both sides and the
amount of zinc is 100 g/m2 (designation Z100MBO). The chemical composition of the

materials is given in Table 1.
Table 1. Chemical Composition for Materials M, T.

Material ‘72— ESel1E-™M"e'e’"—1-111

C Si Mn P S Nb Ti

M 0.04 0.1 0.415 0.042 0.004 0.026 0.037

T 2.4 0.2 1.683 0.018 0.003 0.004 0.009
Cr Cu Ni Zr Mo Al

M 0.031 0.011 0.017 0.001 0.005 0.035

T 0.055 0.028 0.018 0.007 0.008 1.73

2.2 Methods

2.2.1 The uniaxial tensile test

The uniaxial tensile test is the most widespread test in which the basic mechanical
characteristics of the sheet are obtained. The aim of the test, the conditions and shape of
the test sample, indicating the standards STN EN ISO 68921, is to obtain the values of
the basic mechanical characteristics. The results of this test are to assess the formability,
especially deep drawing sheets, considerable importance [2]

To obtain anisotropic properties of the material, samples are taken in the 0U45U 1S —+ 1
_ Vdirection with respect to the rolling direction for the tensile test. The tensile strength
Re, tensile strength Rm, total elongation As, and uniform elongation A w are preferably
evaluated from the tensile test. The materials were tested on a TIRA- test 2300tearing
machine, which is shown in Fig. 1. A MYTUTUYO caliper with an accuracy of 0.01 mm
and a Carl Zeiss Jena optical length gauge with an accuracy of 0.001 mm were also used.
A flat test sample was used for the test, the dimensions of which are shown in Fig. 2.[8].

Le =80 mm
— - -
| 5
| I be=20,01mm w
r~
— — o~
[ Lc =120mm I
195mm

Figure 1. Tearing machine - TIRA-test 2300 Figure 2. Test sample shape

For the experimental research, 3 pcs of tessamples from each direction were fabri-
cated for both materials. The measured mechanical values are shown in Table 2 and 3.

Table 3. Mechanical properties of Material T

Table 2. Mechanical properties of Material M

1 >ZE} "Rp. Rm A80 1 H>ZE} "Rp. Rm A80
[°] [MPa] [MPa] (%] [] [MPa] [MPa] [%]
1% 221 387 35 1%V 444 773 28.3
12] 228 370 37.9 12] 443 764 25.9
1°v 240 384 36.3 1°v 452 768 26.4

2.21.1Evaluations of the experiment
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Yield strength

Taking into account the rolling direction, the maximum value of the yield strength
Qs *le'Z1eZ@eZel@'ZZ2+1 1>2SE'Ze1S1-Si'-2-1YSe221"—1-

—7-1VYSe271"—1+'Z1VULleH>ZEe'"—il 8" —el'—e"1SEE"2—e1+'7
yield strength 4545 "¢l Z1eZoesZel®@‘'ZZ+1 1>2SE'Ze1S51-Sj'-2-1YS.
ane1S81-"—"—72-1YSe2721"—1'Z1Z[U1le>ZE""—i1

Tensile strength

Taking into account the rolling direction, the maximum tensile strength 4, of the
eZ®eZele'ZZ+1 1>ZSE‘'Z®1S1-S|’'-7-1aR-a@nitimun vallid M thd «’ > Z E
Z[U1 > Z@akifig-into account the rolling direction, the maximum tensile strength
4, “ele'Z1eZ0eeZele'ZZ+1 1>2SE‘'Z1S8S1-Si'-2-1YS8e2721"—1+'Z
¥8e271'— 10 21Z[0U1e 2@ ""—7
Ductility

Taking into account the rolling direction, the maximum value of the ductility — #. 40f
o'Z1eZeeZele'ZZ21 1>ZSE'Ze1S1-Sj'-2-1YS+2721"'—1+'21Z[U1
'— 171V U1 Takin@ int6 -account the rolling direction, the maximum value of the
ductility #.,7e1e'Z1eZ0eeZele‘ZZ+1 1>2ZSE'Z®@1S1-S{'-72-1YS771"—
'—7-1YSe2Z21°—1'2Z1Z[Ule’>ZE " —i

2.2.2Biaxial tensile test

The principle of the test consists in bulging tested sheet metal with hydraulic fluid
supplied under pressure. The sheet metal to be tested is clamped firmly between the bot-
tom plate and the draw bar. The supplied pressurised fluid (hydraulic oil) bulges the
test plate until it breaks. The ductile pr operties of the tested plate are measured by the
height of the spherical cap at breaking, the pressure of the injected fluid which is sensed
by a sensor, theshape of the crack after breakingand the surface of the ball cap.[9,10]

From the height of the spherical capit is possible to determine the logarithmic de-
" >—8e¢’"—1 1075121 —e+7— e’ «)d thelrelanve d&orimatioh  ™As an ap-
proximation, the crack shape is also used to assess the dutile properties of the sheet un-
der investigation. [5-7]

A schematic of the device is shown in Fig. 3. The same maderials were used for the
test as for the uniaxial test. A 130 x 130 mm sheet was cut from each material. We evalu-
ated 5 samplesfrom materi al M and 3 samplesfrom material T.

Fig. 3 Schematic diagram of the biaxial tensile testing machine
1 - bottom plate, 2 - draw bar, 3 - tested plate, 4- bulge height sensor, 5- fluid pressure sensor, 6 -
hydraulic oil, 7 - draw bar

The stress in the material during cap extrusion is calculated for thin -walled vessels
according to Laplace's equation: [1]
S
L& 1),
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where: p - fluid pressure [MPa], so- actual material thickness [mm], R - radius of curva-
ture of the spherical cap [mm].

The plastic properties of the investigated material can also be expressed by the rela-
tive plastic deformation (or ductility A given in %) expressed by the formula:

. | b 4] @,

(o]

where: | - is the length of the spherical cap after breaking [mm], | - - length before plastic
deformation (diameter of the tensile rod) [mm].

The device for the biaxial tensile test was constructed at the Department of Tech-
nology, Materials and Computer Support of Production, Faculty of Mechanical Engi-

neering, Technical University in  “"fi’EZ 1S —+ 1’ ce 1ge4 Fig- § 'sholvs'the samples
after the biaxial test.

Figure 4. Biaxial test device Figure 5. Material M after Bulge test
Table 4 shows the average material M values obtained by the Bulge test.

Table 4. Measured values of material M

Tab. 5 shows the average material T-values obtained by the Bulge test

Table 5. Measured values of material T

3. Results and Discussion
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This section compares the measured and calculated material M and T values for the
uniaxial and biaxial tests.

Fig. 6 shows the yield strength values measured in the uniaxial and biaxial tests. The
CetZeelC ZeeloeesZ—ee'1YSe2717510°217—"Si’SeleZ@e1l Soel”<:
ing direction, namely 240 MPa. For the biaxial test, a value of 333 MPa was measured.

‘21 Z0eel ¢ ZeeleerZ—ee'l’ —1'72172—"S{'SeleZe+l SE1SE"’.
direction, 452 MPa. For the biaxial test, a value of 496 MPa was measured.

Fig. 6 Comparison of yield strength of materials M and T

Fig. 7 shows the tensile strength values measured in the uniaxial and biaxial tests.

‘721 Z0eelYSe771 eleZ—0’'eZ1lesZ—oe'l’'—1'217—"Si'SeleZC
rolling direction, i.e. 387 MPa. In the biaxial test, a value of 449 MPa was measured. Th
VCetZeel ¢ ZeeleerZ —ee'1YSe771 —1'7217—"Si’SeleZceel Sl e
ing direction, i.e. 773 MPa. In the biaxial test, the test was aborted after reaching 603
MPa.

Fig. 7 Comparison of tensile strength of M and T materials

Fig. 8 shows the ductility values measured for the uniaxial and biaxial tests. The
CetZelezEee'e¢1YSe7721’—1'217—"Si'SeleZesl S®E1ISE"'ZVYZ
rection, 37.9%. For thebiaxial test, we obtained %andd Ti values of 29.5% and 52.1%, re-
spectively. The highest ductility value in uniaxial test was obtained by material T at roll-
'—ele’>ZE+’ " —1VU3J1—S - biagialXest, Yve iobtdindoe %ddues of 13.8% and 1i
of 25.9% due to the premature termination of the test.
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Fig. 8 Comparison of ductility of M and T materials

5. Conclusions

The appropriate use and processing technology for steel plate can be recommended
based, among other things, on the values of mechanical properties.This paper describes
the basic characteristics of the evaluation of the mechanical properties of thin high-
strength plates obtained by uniaxial tensile testing and biaxial tensile testing. Although
considerable efforts have been made so far to find only one universal test to characterize
the suitability of the material for tensile testing, this goal has not been achieved. A single
evaluation test cannot unambiguously determine all the properties that affect the pro-
cessing of thin steel plates.

Based on the resulting values mechanical properties, surface anisotropy, of the
normal anisotropy coefficient and the ex ponent deformation strengthening can be stat-
ed: TRIP steel RAK40/70 has almost double higher strength compared to microalloyed
steel H220PD, while the areal anisotropy parameters mechanical properties are more
pronounced for H220PD microalloyed steel. Micr oalloyed steel H220PD has TRIP steel
RAK40/70 higher ductility.

From the results of the tests we have conducted on the tested materials, it can be
concluded that the differences are not only depending on the test carried out, but also
depending on the roll ing direction.
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Increasing the technological life of molds for high  -pressure
aluminum casting by applying PVD coatings
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Abstract: The paper is focused on the assessment of surface wettability using contact angle meas-
urement. To increase the lubrication effects in the production of Al -based castings, the surface of
the PVD coatings was textured using laser beam technology (LBT). Two types of textures were
created. Distilled water and 2 types of separation agents Safety Lube 7815 and Safety Lube 8801
were used to determine surface wettability.

Keywords: casting, PVD, texture, contact angle, wettability

1. Introduction

Recently, the high-pressure casting process is often used to produce castings from aluminum and
its alloys intended mainly for the automotive industry. In this process, molten aluminum is injected
into the mold cavity at a temperature in the r ange of 6706 ]WV 1U 1S+1 S 1-G&00MAZ ahd uadeN
a pressure of up to 120 MPa. However, these conditions lead to wear of the forms and thus reduce
their technological life [1]. Basic wear mechanisms include fatigue wear, high-temperature corro-
sive wear, erosive wear, metal sticking to the surface of the mold (die soldering) and thermal fa-
tigue wear [2]. High temperature corrosion is characterized by the loss of matrix material from the
mold surface. The metal bonding process can be divided into 2 groups [3]: (a) metallurgical , which
is characterized by a high number of cycles and a high temperature of the mold surface; (b) me-
chanical, which is characterized by a low number of cycles and high melt. The layers formed dur-
ing this process are usually the product of the simultaneous action of metallurgical and mechanical
bonds [4]. Mechanical and thermal fatigue wear is caused by repeated cycles of the process, or
voltage changes caused by alternating heating and cooling of the mold surface during the
high -pressure casting processThe formation of cracks from thermal fatigue wear leads to losses of
mold material as small fragments are peeled off from the mold surface [4,5]. Figure 1 cracks in the
zones of sharp transitions of the surfaces of the shaped partsof the mold [6]:

Figure 1. Cracks in the zones of sharp transitions of the surfaces of the shaped parts of the mold
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The alloys used in the high-pressure casting process are based on AlSi and are referred to as
Silumins. The castability of high pressure die casting (HPDC) alloys was reported to be principally
related to the die temperature, the in-gate velocity of melt, and casting pressure. It was found that
the combination of die temperature, the mould filling capacity of molten metal, the geometrical
complexity of parts and cooling rate during die casting significantly affect the integrity of cast
components. In addition, the slow forwarding speed of melt in the shot sleeve was found to be able
to minimize the gas entrainment in the HPDC process and increase the mechanical properties of
castings [7].

2. Materials and Methods

Uddeholm Dievar tool steel was used for the experiment as a base material (BM) which is used to
produce molds used for high -pressure casting of aluminum and its alloys. This tool steel is alloyed
with elements Cr, Mo, and V. It has very good resistance to high temperatures, coarse cracking, ot
wear, and plastic deformation. Also, the material excels with good toughness and ductility, good
strength at high temperatures and, at the same time, dimensional stability at high temperatures
during the high -pressure casting process Among the basic areas of use of the material are mainly
high-pressure casting, forging, hot pressing of sheet metal and others.Table 1 shows the chemical
composition of the Uddeholm Dievar material.

Table 1. Chemical composition of Uddeholm Dievar

Element C Si Mn Cr Mo
Weight % 0.38 0.2 0.5 5 2.3 0.6

Wettability of the mold surface and the effect of texturing on surface wettability were evaluated by
measuring the contact angle on the Advex device using the trapped bubble method according to
the 1ISO 19403 standard.Distilled water, two separation agents Safety Lube 7815 and Safety Lube
8801, which are used in the high-pressure casting process of Al and its alloys, were used as test
fluids.

Figure 2. Contact angle determination scheme

Two types of samples with a non-textured and a textured surface were made for the measurements
In the case of nontextured samples, their surface was modified by wet sandblasting technology .
Texturing of the surface of the samples was performed using the LBT (laser beam texturing)
method. A Piranha Il Multi FL205 type Yb laser device (Figure 3) with a power of 20 W was used to
create dimple textures that serve as aseparation agent reservoir in the process of high-pressure
casting of aluminum and its alloys .
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Figure 3. Laser texturing device

Three PVD coatings (AITIN G, AIXN 3, nACRo“) were applied to the thus prepared surfaces. AITIN
is a high-performance gradient coating that is used for machining materials that have higher
strength and hardness. It solves many tribological problems in practice. The main area of applica-
tion of this coating is coating of drilling tools, coating of molds for high -pressure aluminum cast-
ing. 'Z1E"Se’ —e1ES—1<Z18™™Me’7e]1 SeleZ_™75S03iZaalipled dpiingU 1 "
consisting of: X=Cr; CrN layer + Al/CrN nanomultilayer + AIN layer. It is a tough coating that has
high resistance to abrasion at high temperatures and is also used n solving various tribological
problems. Molds for high -pressure casting are coated with it to reduce abrasive wear, but also tools
for cutting solid materials to reduce tool wear during the cutting process. The nACRo* nanocom-
posite coating belongs to the group of 4th generation nacomposite coatings. It has high toughness
and is resistant to abrasion and suitable for high temperatures. Tools for machining non -ferrous
metals, as well as molds designed for high-pressure casting of aluminum and its alloys, are coated
with it. The nACRo04 coating consists of the following layers: The first layer is made of CrN . this
layer is referred to as the adhesive layer. An AICrN gradient layer is applied to the adhesive layer.
Subsequently, thin AICrN nanolayers are applie d to the gradient layer. The final top layer is made
of nc-AlCrN/a -SisN 4.

Table 2. Basic properties of used coatings

Coating AITiN G AIXN 3 nACRo4
SiileZ-™Z75>8¢7>717%¢ 900 900 1100
Hardness [GPa] 38 32 40

3. Results

3.1 Texturing of the surface

Laser random and organized laser large, dimpled textures were created on the surface of the sam-
ples. Dimple textures were purposely created to serve as a separating agent reservoir in the repeti-
tive process of high-pressure casting. It was found that it is possible to apply stochastic (laser ran-
dom) textures to the surface of the mold, because the shape parts of the molds are complex in
shape, they have different roundings and bevels, therefore large textures cannot be applied to the
shape parts of the molds. Figure 4 shows examples of stochastic (laserandom) texturing (Fig.4a)
and organized (laser large) texturing (Fig.4b)
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a) b)
Figure 4. Texturing of surface: a) stochastic (laser random), b) organized (laser largg
3.2 EDX analysis of PVD coatings

The chemical composition of the AITIN G coating was determined by EDX analysis ( Table 3). The highest pro-
portion of titanium was found in the coating. Other elements also appeared, namely carbon, nitrogen, and aluminum.

Table 3. EDX analysis of AITiN G coating

AITIiN G coating
Element Weight%
CK 4.18
N K 32.24
Al K 30.89
TiK 32.69
Totals 100.00

The highest proportion of chromium and nitrogen elements was found in the AIXN 3 coating (Table 4).
A higher proportion of aluminum was found and a small percentage of carbon in the coating.

Table 4. EDX analysis of AIXN s coating

AIXN s coating
Element Weight%
CK 3.63
N K 31.28
Al K 28.12
CrK 36.97
Totals 100.00

A certain proportion of silicon was detected in the nanostructured coating nACRo*(Table 5). Silicon improves the
mechanical properties of the surface. Silicon is an element dependent on the formation of a nanocomposite structure.
During coating deposition, silicon tends to segregate along grain boundaries as SiNy and forms an amorphous com-

pound during deposition .
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Table 5. EDX analysis of nanocomposite NACR0* coating

nACRo“ coating
Element Weight%
CK 2.50
N K 31.39
Al K 17.92
SiK 3.84
CrK 44.34
Totals 100.00

3.3. Measurement of contact angles

The average values of the contact angles of the untextured surface of the pure base material as well as the material

with PVD coatings were measured (Table 6).

Table 6. Average values of the contact angles of the nontextured surface with PVD coatings

Used fluid Average value of contact angles without texture
BM (ground) BM (polished) AITIN G nACro 4 AIXN 3
Distilled water 67.6 65.8 782 77 78.6
Safety Lube 7815 455 46.8 425 385 37.2
Safety Lube 8801 29 32 304 284 289

The bestwettability of the surface was achieved by the separating agent Safety Lube 8801, where the smallest values of
contact angles were achieved.When distilled water encountered the surface, worse wettability was found compared to the
used separation agents, ad the highest values of contact angles were measured (Table5).

a) b)

Figure 5. Outputs from contact angle measurements . a) Distilled water; b) Safety Lube 8801

During measurement s of the surface with created dimple textures, the average values of the contact angles of the base
material without and with PVD coatings were measured, which are shown in Table 7.

Table 7. Average values of the contact angles of thetextured surface with PVD coatings

. Average value of contact angles with texture
Used fluid .
BM AITIN G nACro 4 AIXN 3
Distilled water 737 723 62.6 64.8
Safety Lube 7815 46.2 46.1 448 444
Safety Lube 8801 319 282 27 285
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The best surfacewettability was achieved by the separating agent Safety Lube 8801. When distilled water was used as
the test liquid, higher values of contact angles were found compared to the Safety Lube separating agents, which means worse
surface wettability (Table 7).

a) b)

Figure 6. Outputs from contact angle measurements . a) Safety Lube 7815; b) Safety Lube 8801
4. Conclusions

The experimental work was aimed at evaluating the wettability of non -textured and textured surfaces. The best wetta-
bility of both non -textured and textured surfaces was measured with Safety Lube 8801separating agent with small contact
angles compared to Safety Lube 781%eparating agent and distilled water . The largest values of contact angles were measured
during measurements with distilled water . In the next stage of the experiment, the influence of texturing in the measurement
of tribological properties will be investigated, where texturing should reduce the resulting values of the friction coefficie nt
compared to a non-textured surface. In the next parts of the experiment, attention will be paid to the evalu ation of the effect of
surface texturing on the quality of coatings during cyclic immersion tests in molten AISi9Cu3 alloy 10 and 20 times for 15 mi n.

Acknowledgments

The contribution is the result of the implementation of the project: APVV -20-0303, VEGA no. 1/0597/23and KEGA
046TUKE-4/2022.

References

1. D. Mellouli, N. Haddar, A. Koster, H.F. Avedi: Thermal fatigue failure of brass die . casting dies, In: Engineering Failure
Analysis, 2012, Volume 20, pp. 137146

2. J. Wang et.al.: On the failure mechanism for high pressure die casting A390 hypereutectic alloy in low cycle and high cycle
fatigue, In: Materials Science & Engineering A, 2018, Volume 723, pp. 4855

3. K. Domkin, J.H. Hattel, J. Thorborg: Modelling of high temperature and diffusion -controlled die soldering in aluminum high
pressure die casting, In: J. Mater. Process. Technol., 2019, Volume 8, pp. 402D61

4. R. Ding et.al: Failure analysis of H13 steel die for high pressure die casting Al alloy, In: Engineering Failure Analysis, 2021,
Volume 124, 105330

5. D. Abid, A. Ktari, D. Mellouli, N. Gafsi, N. Haddar: Failure analysis of shot sleeves used in brass high pressure die casting
process, In: Engineering Failure Analysis, 2019, Volume 104, pp.177-188

6. Special Stels for High pressure Die Casting. [online] [ cit. 2022-11-28]. Available on the Internet:
|https://matmatch.com/suppliers/dest -deutsche-edelstahlwerke-dew -/examples/speciatsteelsfor -high -pressure-die-casting|

7. N. Zhicao et.al.: Effect of high pressure die casting on the castability, defects and mechanical properties of aluminum alloys in
extra-large thin-wall casting, In.: Journal of Materials Processing Tech., 2022, Volume 303, 117525

71



Influence of the thickness of carbon nanostructures on their
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Abstract: Nanotechnology allows, thanks to the ability to manipulat e the modeling of substances
at the atomic level, to create materials with a unique structure and new improved properties. Finite
element method (FEM) is a standard method of analysis and simulation of structural and mechani-
cal elements, but its role in the field of nanostructures' numerical simulation is still growing. The Eu-
ropean Commission defines nanomaterials as substances whose parts have at ledone size dimen-
sion between 1 and 100 nanometers. However, there appears to b a larger variance between thethe-
oretically and numerically determined values of the thickness of the carbon nanostructures. This
challenge of standardizing the physical thic kness of agraphene sheetalong with its mechanical
properties is referred to within the scientific community as the Yakobson 's paradox. If the expected
thickness of graphene is the same as the interlayer distance of graphite, the value of Young's mod-
ulus is around 1 TPa. In the works that use the shell model in the analysis, the estimate of he elastic
modulus is around 5 TPa. Finally, the article shows the dependences between the thickness and
the modulus of elasticity, in-plane and bending stiffness.

Keywords: nanomaterials; graphene sheets Yakobson; thickness; mechanical properties; finite de-
ment method

1. Introduction

Nanotechnology has been developed as a field of sdence with wide applications
in various fields. Reducing the particle size and tuning the particle morphology of mate-
rials from micro - to nanoscale results in unique properties and the creation of new gener-
ations of materials and structures. The reason why nanomaterials show enhanced prop-
erties is the large surfaceto-volume ratio and the quantum confinement effect. It is th ere-
fore essential to understand their nature and possible ways of their analysis [1].

Graphene and its associated nanostructures have beeninvestigated in detail ove r
the past decade using experimental and numerical methods. Graphene is a planar array
of carbon atoms that are linked by sp2 C-C covalent bonds to form the hexagonal cells that
are the basic structure of graphite. Graphene can be understood as a twaedimen sional
crystal. The distance between neighboring atoms is dcc Y21 W i ZAXreridrkable detail
of graphene crystals is that they preferentially break at crystal edges of two types: zig-zag
edge runs parallel to the graphene lattice vector, armchair edge runs parallel to carbon
bonds (Figure 1) [2].

The graphene geometry is defined by the chiral vector Cn and the chiral angle &
A chiral vector is represented by two unit vectors a and a and two integers m and n, as
shown in the equation below [3]:

0y L etyE- 1 D
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Figure 1. STM image of a large graphene monolayer obtained through exfoliation. The edges of
the crystal are preferably oriented in a zig-zag (red) or armchair (blue) shape [4].

The basic configuration of graphene sheetcan be defined based on the chiral vector
or «*Z1E"’ >S-1 SsshedrlifEigure 2. This results in three different configurations,
which include chiral ("« 1VU1A1E 1A 1Y ) tigtZagl(~ 1B4H 135 BVA)Afd Arachai
(if E1%1YVU)Lgraphehéstucture [3].

Figure 2. Graphene sheet scheme and definition ofits geometric parameters to describezig-zag
(left), armchair (middle ) and chiral (right) structure [3].

2. Materials and Methods

The most commonly used way to represent the graphene sheet in FEM analysis is
to consider each carbon atomto be a node, while the covalent bond between them is rep-
resented by a finite element. The mechanical properties of this bond, such askE (Young's
modulus) and G (shear modulus), can be determined by the equations representing the
equivalence between the deformation energy and the harmonic potential of a hypothetical
beam of length L [2]:

. # .
—tGé:Ut\?Lt—:Ut\?é )
G . -
— U018 L)—:UT;6é 3
t t.
'+VvEE
0P L— NES 4
t ud t.sEE£E uaa @)
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where U N bond stretching, U &s bond angle change and U Tis twist angle change, k is

a force constants of bond stretching resistance, k&is a bond bending resistance and k- is
twisting resistance (the values of constants arek- =6.52 ¥ 2AMMmM 1, ke%21_ 0 VVE ¥ W V
rad2ak- %1 X 8] MLNImMA ¥ad-2), A is the cross section areaJis the polar moment of
inertia, | is the second momentof area, £ isthe sheardeformation constant.

Graphene sheetsin the molecular mechanics are considered as large molecules con-
sisting of carbon atoms with atomic nuclei considered as mass points whose motions are
governed by force field. Based on the equivalence of molecular mechanics and structural
mechanics for interaction between carbon atoms, it is possible to derive relations between
force field constants (molecular mechanics) and stiffness quantities of the beam (structural
mechanics). If we take into account that the deform ation energiesfrom the molecular and
structural mechanics correspond to each other, we obtain relations that express the de-
pendence between the constants of the force field (parameters of molecular mechanics)
and the stiffness quantities of the beam (parameters of structural mechanics) [5)]:

C‘aLjé (5)
'+

GL—a (6)

G LLé (7)

The last three equations are the basic relationships used in the finite element analysis
of nanomaterials. Supplementary equations, which serve as input for modeling graphene
spatial structures in numerical analysis progra ms, are expressed as follows [$:

@L V"TG%é (8)
6

L ché 4 ©)
6
G.

) L ?éGBa (10

The above equations will provide a procedure for de termining a unique value of
the bond diameter, d, which is equal to the wall thickness of the nanostructure. However,
different thicknesses of carbon based nanostructures are often used in scientific works,
which presents a problem when comparing the obtained results. For this reason, it is ad-
visable to perform calculations for different wall t hickness values[6].

Based on atomistic computations, it is possible to obtain only an estimate of the in-
plane stiffness, i.e." & L ' D where E is the Young's modulus and "h" is the thickness
of the graphene sheet. In most properly performed numerical analys es from different
sources there isan agreement on the numerical value of Eh. In many cases it is not neces-
sary to know the value of E. However, there are also studies where a specific value
of the modulus of elasticity is required, and therefore in that case it is necessary to make
an estimate of the thickness h for the calculation. According to Huang et. al ., hence
the wide spread in the published values of E [7].

The thickness of the element in the form of its diameter d =0.1486nm can be calcu-
lated based on theequation (8), while k., keand k-are known as their values are available
in AMBER or MORSE format in the li terature [8]. The condition is that the cross-section
of the element representing the carbon bond is considered circular. Calculation models
of nanostructures with such a thickness have been experimentally and analytically veri-
fied, therefore it is possible to draw the conclusion that it is appropriate to calculate
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the thickness d from force constants and implement them in atomistic models. However,
if the carbon nanostructure is represented by continuum elements, e.g. shell or plate,
the tensile stiffness

6L D, (1)
SFa°
as well as the bending stiffness
v
_— 12
$L st:s F &5; (12)

are calculated. Their ratio leads to the expression for thickness

3/Et$é1
6
In that caseit is usual to assume a thickness of 0.34 nm. This thickness of 0.34 nm is

derived based on the interatomic/interplanar distances between carbon atoms in multi-
layer graphene systems]9].

DL (13)

3. Results

The graphene sheets are generated in the Nanotube modeler program, from which
their xyz coordinates and connectivities are obtained. These data are exported in PBD for-
mat and transferred using a script created in the Matlab program to a program designed
for numerical analysis (Ansys). The nanostructures are then simplified - carbon atoms
represent nodes of finite elements and interatomic interactions are represented using fi-
nite elements (beam type BEAM4). Thus, graphene sheets are modeled as spatial frame
structures using beam elements that will be immaterial, with all mass concentrated
at the nodes.

The stiffness of an object expresss its resistance in respnse to an applied load. If
the original length is L, and after loading by uniaxial tension, it increasesto L +  under
the influence of external force F, then using Hooke's law, the Young's modulus of the gra-
phene sheetcan be @lculated according to the following equations [10]:

8L e "efd-"1ee (#a (14)
YL Tt 7ef—cleg. .4 (15)
"L —eZm't—Zd & YA (16)
AL ‘ceste2bf_ FY V& (17)

where A is a crosssectional area of the graphene sheet, ¥ is absolute elongation along
the width of the graphene sheet and Vi is absolute elongation along the length of the gra-
phene sheet.

Along with the above mentioned relations for the in-plane stiffness D and the bend-
ing stiffness B (equation (12)), thevalues of Young's modulus, in-plane and bending stiff-
nesscan be calculated for different thickness of the graphene sheet.Since the Poisson's
ratio does not depend on the thickness of the graphene sheet, it will not change with the
changing thickness.

Two types of graphene sheetsare modeled . first with a thicknes s equal to the thick-
ness of the element in the form of its diameter d = 0.1486 nmand second with a thickness
of 0.34 nm, which is derived from the interatomic/interplanar distances between carbon
atoms in multilayer graphene systems. The analyzed graphene sheethas chirality (14, 0),
width w =3,4457 nmand length varying from 3,4to 17 nm. In the analysis, one side of the
sheetis fixed and the opposite one isloaded by the force F according to Figure 3.
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Figure 3. a) geometry of analyzed graphene sheet, b)applied boundary conditions and loading.

The obtained values of Young's modulus, in-plane and bending stiffness are shown
in Figure 4 to Figure 6.

Figure 4. Values of Young's modulus for thickness a)d=0.34 nm, b)d=0.1486 nm

Figure 5. Values of bending stiffness B for thickness a)d =0.34 nm, b)d = 0.1486 nm

Figure 6. Values of in-plane stiffness for thickness a)d =0.34 nm, b)d = 0.1486 nm
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4. Discussion

It can be determined from the computations that the Young's modulus is around 1
TPa for thickness 0.34 nm but increases into approximately 2.4 TPa when hickness equal
to the diameter 0.1486 nm is applied. There is also a slight increasewith the increasing
length of the graphene sheencaused by the boundary conditions . Bending stiffness ex-
pressed for two thicknesses of carbon sheets also changes with theehanging thickness. It
can be seen that its values dependon the chosen thickness and the calculated Young's
modulus according to equation (12). Hgure 6 shows the in-plane stiffness which is not
affected by the change in the thickness. On the other hand,it is clear that it depends on
the dimensions of the graphene sheets.
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Corrosion resistance of steel HX340LAD+Z after deformation
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Abstract: The paper deals with the measurement of corrosion resistance of galvanized, high
strength low alloyed steel HX340LAD+Z after different degrees of deformation. Electrochemical
impedance spectroscopy and linear polarization were evaluated. Polarization resistance Rp and
corrosion rate were evaluated. The dependence between the degree of deformation and the corro-
sion rate was found.

Keywords: electrochemical impedance spectroscopy, linear polarization, deformation,
HX340LAD+Z

1. Introduction

Galvanized steel sheets are used in many industries due to their resistance to cor-
rosion. This is mainly the automotive industry, where the basic steel sheet is protected by
a Zn layer. Since many parts are processed and deformation occurs in various processes
of forming, it is important for the automotive industry that the coating shows good
formability. Since the Zn coating during the forming process can be disturbed , the base
material can be exposed to an aggressive environment [1]. The Zn layer in the forming
process adgts to compressive stresses without peeling from the base material, which is
an advantage of such a coating [2].

The corrosion resistance of deformed galvanized steel was investigated by Sacco et
al. [2], who investigated the linear polarization of deforme d galvanized steel. They found
an increased rate of corrosion with the degree of deformation [3]. Other studies were
carried out [4-6] to determine the behavior of Zn coating on steel sheets in the forming
process, but these investigations were focused onlimit deformations during forming,
changes in the coefficient of friction, lubrication characteristics, etc. and not for corrosion
resistance after the forming process.

This article deals with a galvanized steel sheet that was deformed by uniaxial ten-
sion at four different degrees of deformation. The goal was to determine the corrosion
resistance of the coating and determine the dependence of the corrosion rate on the de-
gree of deformation. Accelerated corrosion laboratory measurements such as electro-
chemical impedance spectroscopy (EIS) and linear polarization (LP) were used to forge
these measurements.

2. Materials and Methods
2.1 Material

HX340LAD+Z microalloyed steel with a thickness of 0.8 mm and a Zn layer of
100g/m2 was used to perform this experiment. The chemical composition and mechani-
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cal properties can be found in Table 1 and 2. Mechanical properties were determined by
static tensile test.

Table 1Chemical composition of the material , wt.%.

C Mn Si P S Almin| Nb Ti
0.07 0.6 0.007 | 0.016 | 0.007 | 0.034 | 0.025 | 0.001

Table 2 Mechanical properties of the material.

Rp 0,2 [Mpa] | Rm [Mpa] | A80 [%]
iAiE3 OToFIi T0F1

2.2 Deformation of samples

The samples were deformed by uniaxial tension on the Tiratest 230Quniversal ten-
sile test machine. Traverse speed was 10 mm/min. Before the test, uniaxial tensile meas-
urements were made, and then the deformation points on the measured curve were se-
lected. The chosen degrees of defornation (Figure 1) were 5%, 10%, 15% and 20%.

8
7 .-
6 - e —‘\
=5
=3
—’)
IS
23
2
1
O T T T T 1
0 5 10 15 20 25
displacement [mm]
5% m10% = 15% m20%

Figure 1. Diagram of the tensile test of the material with marked degrees of deformation

2.3 Corrosion studies

A BioLogic SP-150 potentiostat was used for experimental determination of corro-
sion resistance. The tested area othe samples was 0.636 mm. The temperature of the
¢S >Se 017y —eole'Z 1« AeSam(ile Praparstion domsisted of degreasing with
nitrocellulose thinner C 6000 and subsequent rinsing with demineralized water. Meas-
urement of corrosion resistance was performed inelectrolyte - 3.5% NaClsolution, which
simulates an aggressive environment. The samples were placed in this solution for 24h
(i.e. settling time). A three-electrode connection was used for the measurement. Platinum
was used as the counter electrode, supersaturated calomel electrode (SCE) was the ref-
erence electrode, and the sample was the reference electrode. The beginning of each test
was the stabilization of the working electrode, i.e. the stabilization of the open circuit
potential (OCP).

The following parameters were used for electrochemical impedance spectroscopy
(EIS) settings. The frequency range was from 10mHz to 100kHz, a sinusoidal anplitude
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Each measurement was made at least 3 times. Theneasurements were processed
using the EC-Lab v11.27 software.

3. Results
3.1 Potentiostatic Electrochemical Impedance Spectroscopy

The equivalent circuit in Figure 2 was used to process the measured results. In this
circuit, R1 represents the resistance ofthe electrolyte, R2 represents the resistance of the
zinc layer, and R3 represents the resistance of the base material. The variable capacitance
Q1 is located at the interface between the electrolyte and the zinc layer, the variable ca-
pacitance Q2 is locded at the interface between the zinc layer and the base material.

Figure 2. Equivalent circuit used to analyze the PEIS results.

The results were processed in the Nyquist coordinate system. In Figure 3, the anal-
ysis of the measured data with an iteration curve (Z -fit) is shown .

350
300 S
. 250 /
o /
— 200
S /
100
50 +
O BE T T 1
0 500 1000 1500
Re(Z)O-
——measured data z-fit

Figure 3.Measured PEISdata with analysis .

The course of the PEIS measurement is shown inFigure 4. The main parameter that
indicates the resistance of deformed samples in ou case is the R2 value ¢ee Table 3),
which represents the polarization resistance of the zinc layer. The measurement showed
that the value of R2 for all degrees of deformation is very low and decreasing with degee
of deformation. In Figure 4 this value is represented by the first impedance loop, and we
can therefore say that the zinc layer protects the base material during deformations up to
20%.
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Figure 4.PEIS measurements after different degrees of deformation
Table 3.Measured values after PEIS analysis
Deformation [%] W1ly X1y | VYly Q1 [F.s] Q3 [F.9]
0 XMW Z XTW WAX]T] 0. X XW018 | 2. X" Z.2%3
5 XMW ZA\VIW WAJ[* ] OOWY[120 | 1.Z_Z.9%8
10 X]tX| ZY]*\Y "M\TW] OOW[WO1g | 1. X ]V B0
15 XANTW ZW[L | \Y_*W|] O.WMN\BY4 | 5.vV[_1281
20 X[*W ZXY1X¥ XYV'] 0.W_\Vody/| 5.ZW\07l

3.2Linear Polarization

The analysis of the measured LP data can be found inFigure 5 using Tafel fit. During

Z1™My " EZoe® —el1 el 721-7S®7>791¢5¢5817Z-™‘Se’'cel Sel™s..

S —+ 1t Edra®n Zhtough the measured data in strongly linear regions.

Figure 5.LP analysis method using Tafel curves.

The measured curves are shown in Figure 6. The important parameters in our case
are:corrosion potential Ecorr, corrosion current Icorr and corrosion rate. As the degree of
deformation increases, the potential Ecorr becomes increasingly negative. Also, with in-
creasing degree of deformation, Icorr increases. So we can say that, with the increasing
degree of deformation, the corrosion process accelerates, while a thin layer of Zn corro-
sion products is formed on the surface.
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Figure 6.LP measurements after different degrees of deformation.

In Table 4,the measured data are analyzed using Tafelanalysis. With an increase in

the degree of deformation, Icorr increases, which is an accelerated evolution of hydrogen
Hz(H*+e: (1/2) H).

Table 4. Analysis of measured LP data

Deformation [%] | Ecorr [mV] |lcorr [uA] |beta c [mV] | beta a [mV] | corr. rate [mmpy]
0 -1042 [1X. 3| 4.\1\6 | 307.[1\[7 | 22 W1l 0. W\ "bw4
5 -1073 13| 9. WLV | 125 Y1 XOW 316 ]t XY 0.X[]:027
10 -1078 W16 | 7.X1¥ | 176 _1]@ 70. W W 0. X\ X190
15 -1088 712 | 11 YLY | 25221 Wh[| 30.[1\6 0. Z W YOO8
20 1126 [T X.X| 10.\1\5 | 109 X1X6V| 100 [ X6 0.Z2"Z.oY7

Figure 7 shows the dependence ofthe corrosion rateon the degree of deformation of
the steel sheet If measurement deviations are taken into account, measured dependence
can be considered linearSo we can say that an increase in the degree of deformation leads
to very gentle decrease in protective function of Zn layer, the exposure of the basic steel
material to aggressive environment and reaction with the electrolyte.

E
..CI_,)
02—
3

0 5 10 15 20 25
deformation [%]

Figure 7.Dependence ofthe corrosion rateon the degree of deformation.

5. Conclusions

By analyzing the results of the measurements, the following conclusions can be es-
tablished:
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PEIS measurementsprov ed the high resistance of the Zn layer after all degrees of
deformation. This cannot be said about the base material, where the polarization re-
sistance of the base material decreased significantly with the increasing degree of de-
formation.

1 572¢'1 1S—Set®' ®dl’'*1l Sele"7—e1S1 e« thed Srrbsidhe S+’ -
rateandthe degree of deformation. It was also found by measurement that icorr and cor-
rosionrateincrease with the increasing the degree of deformation.

Funding: This research was funded by the Scientific Grant Agency of the Ministry of
Education,Science, Research and Sports of the Slovak Republic under project VEGA
1/0154/19: Research itothe combined technologies of joining dissimilar materials for
automotive industry.
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Abstract: Mobile operators are reacting to an increasing number of mobile phone users by building
new base stations. The reaction is an increase in residents' concern about possible health damage
due to increased electromagnetic field intensity values. The contribution is aimed at comparing the
EMF intensity before and after the addition of a new operator at a particular base station. The expert
measurement was carried out by a frequency-selective method, whereby we were able to perform a
more detailed analysis of data intentions in the mobile operators used in the frequency range. A
specific base station was chosen because both mobile operators were transmitting in the same fre-
quency range - 800 and 900 MHz In the experiment, attention was also paid to the assessmert of
the human impact of electromagnetic fields in a particular municipality and its comparison with
action values within the meaning of the legislation in force.

Keywords: mobile operators, base stations, intensity, electromagnetic fields, legislative

1. Introduction

Exposure to the electromagnetic field generated by mobile operators' base stations is
subject to currently valid legislation. In an article by Boo, SF et al.[1], the authors con-
ducted an experiment comparing the radiated power levels of base stations with the In-
ternational Commission on Non -lonizing Radiation Protection (ICNIRP) safety guide-
lines. The measured EMF levels were lower than the ICNIRP exposure limits. Similarly,
in [2], household exposure to electric, magnetic, or electromagnetic fields (EMF) was
measured. The article reported that all measurement results were well below the ICNIRP
guidelines. In [ 3], the authors carried out measurements, the results of which showed that
the maximum measured exposure value to the electromagnetic field exceeded the refer-
ence levels of exposure of the public to ICNIRP by 2,5% of the places, and the Serbian
national reference levels by 15,6% of the places. It should bestressed that values exceeding
the reference levels were only observed in the external environment. In the indoor envi-
ronment, the total strength of the electromagnetic field did not exceed the defined refer-
ence levels.

The contribution describes an experiment in which we carry out measurements of
the intensity of electromagnetic fields at selected locations. Measurements were made
twice at 4 measuring points. The first measurement was carried out during the operation
of one mobile operator. After adding the second mobile operator to the base station, we
repeated the measurements at the same measurement points. The measurements were
carried out using a frequency-selective method, with the help of which we more closely
analyzed the used frequency range at the given base station.The measured EMF intensity
values were compared with the permissible action values laid down in the legislation cur-
rently in force in Slovakia . The purpose of the contribution is to assess the impact of the
EMF by measuring, evaluating, and aligning it with the allowed values.
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2. Materials and Methods

In the context of this topic, we have carried out a measurement of the exposure of the
population to an electromagnetic field . We carried out the experimental measurement at
the base stdion, which is located above the village in Slovakia. This base station was cho-
sen due to the increase in the number of mobile operators. The aim of this increase is to
cover the village with the signal from a further operator. The residents of the municipality
were interested in seeing how the intensity of the electromagnetic field would increase .

The measurements were performed at 4 measurement points before and after the ad-
dition of a new mobile operator. The first measurement was carried out during the oper-
ation of one mobile operator using 4 transmitter antennas in the directions of the main
>Se’Se’ —ele”¢Z 1%+ 1 W WbLAErIR-villahX Py signal. The second measurement
was made after adding the second mobile operator. The number of radiating antennas
was increased by two, where the main direction of radiation remained the same.

The measuring points (Figure 1) are positioned as follows:

X M1, and M2 - are positioned in the direct direction of the transmitting antennas
X M3 . First house near the base station
X M4 . Inthe middle of the village

(@) (b)

Figure 1. (a) measurement point M1; (b) measurement point M3

Measurements were performed at each measurement site using a Narda SRM3006
measuring instrument consisting of a spectrum analyzer and a probe for measuring the
electric field component. The measuring instrument was placed on a carbon tripod at a
height of 1.5 m. The output of the measurements is the frequency spectrum and cumula-
tive values of the electromagnetic spectrum intensity at each measurement site during
individual measurements. The measurement time was set to six minutes. The measure-
ment was performed in the frequency band of the measurement chain from 420 MHz to 6
GHz. During the measurement, the dynamic measurement range was set on the instru-
ment to 5V/m, RBW . 5MHz, the minimum display frequency F min . 700 MHz, and the
maximum display frequency Fmax . 3500 MHz.

Given the measurement method used, the measurement instruments, and the meas-
urement conditions, the uncertainty in Table 1 was considered in the results. The uncer-
tainty is determined by an internal operating procedure of an accredited t est laboratory.

Table 1. Measurement uncertainty .

Quantity Measurement range Measurement uncertainty %
Electric field strength - E 420 MHz . 1600 MHz 26,4
Electric field strength - E 1600 MHz . 6000 MHz 29,7

According to announcements of the Ministry of Health SR 534/2007 Coll [4], these
values have been compared with the action values for continuous exposure of the popu-
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lation . In table 2 the exposure action values for the electrical, magnetic, and electromag-
netic fields (effective values for continuous exposure) related to the frequency interfaces
of mobile base stations are shown.

Table 2. Reference levels for exposure, averaged over 30 min and the whole body to electromagnetic fields from 400MHz

to 300 GHz [4].
Electric fie Id strength Magnetic field Magnetic induction Plane-wave equivalent incident
Frequency range . .
E (VIm) strength H (A/m) 10« 0 power density Seq (W/m)

400MHz to < 2000MHz WAY A Y 0,0037 x 2 0,0046 x 2 /200

2 GHz to 300 GHz 61 0,16 0,2 10
Note:
1. fis the frequency in units specified in the frequency range column.
2. For frequencies in the range of 100 kHz to 10 GHz, seq, E2 shall be averaged over a-@inute interval.
3. For frequencies above 10 GHz, seq, E2 must be averaged over 68 / f1,@8inute intervals (f in GHz).

3. Results

3.1.Full spectrum of measurement

The frequency range Fmin 700 MHz and Fmax 3500MHz have been set for the measure-
ment. In general, this spectrum is used by operators to operate their services. Figure 2
shows the frequency spectrum graphs from the M1 measuring point for a given range in
the operation of one operator and both at the same time.

(@ (b)

Figure 2. (a) Frequency spectrum M1.1 . one operator; (b) Frequency spectrum M1.2 . two
operators

The output of the measurements are cumulative values (table 3) from the frequency
range Fmin 700 MHz . Fmax 3500MHz, which show us the differences in the intensity of
electromagnetic fields during the measurements of one operator and both mobile opera-

tors together.

Table 3. Cumulative values from frequency range 700 »3500 MHz

Cumulative val-

M1 M2 M M4
ues (V/m) 3
1 operator 0,693 0,285 0,473 0,250
2 operators 0,766 0,302 0,263 0,238

3.2 Analysis of transmission frequencies
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In order to better assess the added operator, we have carried out a frequency range
analysis of the ™ 7> S «feqeencies of 800 MHz and 900 MHz. We've been scanning the
frequency range from Fmin 700MHz to Fmax 1000MHz. Figures 3 and 4 show the frequency
spectrum from the M1, and M3 measurement points for one operator and both mobile
operators simultaneously (marked M1.1, M1.2, etc.).

(@ (b)

Figure 3. (a) Frequency spectrum M1.1 . one operator; (b) Frequency spectrum M1.2 . two operators

(@ (b)

Figure 4. (a) Frequency spectrum M 3.1 . one operator; (b) Frequency spectrum M 3.2 . two operators

Table 4 shows the cumulative values from the frequency range of 700 »1000 MHz
and Figure 5 gives a graphical representation of these values in V/ m

Table 4. 7-7¢Se'YZ1YSe72Za@1e>"—1+>257100WHz1>S—+21]VVi»1l

Cumulative val-

M1 M2 M M4
ues (V/Im) 3
1 operator 0,676 0,239 0,447 0,194
2 operators 0,790 0,261 0,212 0,181
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Figure 5. graphical representation of cumulative values in V/im
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Assessment of thanalysis of transmission frequencies

X M1, M2 - by adding a mobile operator, the EMF intensity increased by only
0.074 V/m or by 0.022 V/m.

X M3, M4 . Conversely, at the measuring points M3 and M4, which were lo-
cated at the dwelling house, the EMF intensity was measured at 0,235 and
0,013 V/ m respectively lower for both operators. This difference may be due
to several factors, such as the timing of the measurement, the maintenance
of the services of the first mobile operator in a particular dwelling , or the first
measurement alsocapturing another domestic source, such as WiFi.

3.3 Assessment of population exposure

The environmental impact assessment of the population has been carried out in the
range of 700 MHz to 1000 MHz. The measure to be assessed under the legislation in force
is the cumulative value of the EM F intensity in the frequency range of the resource to be
assessed. Table 5 shows the values measured, the values assessed the legislative action
values, and their comparison.

Table 5. Results of the electric field intensity measurement / impact on the population .

Measured Effective Effective electric field Action Values

Measurement  Frequency Value Electrical Field force value to be as- (Decree No. (EefP/Eay

site range Intensity sessed 534/2007)
Eef (V/m) EefP (V/m) Ea (V/Im)

M1.1 1V V 1080 MHz 0,676 0,85 36,4 5,52E04
M2.1 1V V 1080 MHz 0,239 0,30 36,4 6,90E05
M3.1 1V V 1080 MHz 0,447 0,57 36,4 2,41E04
M4.1 1V V 1080 MHz 0,194 0,25 36,4 4,54E05
M1.2 1V V 1080 MHz 0,750 0,95 36,4 6,79E04
M2.2 1V V 1080 MHz 0,261 0,33 36,4 8,22E05
M3.2 1V V 1080 MHz 0,212 0,27 36,4 5,43E05
M4.2 1V V1080 MHz 0,181 0,23 36,4 3,96E05

1) The value to be considered is the measured value plus the measurement uncertainty from the tab. 1
2) The action value was taken as the lowest allowed value in the range of the frequency range beingevaluated (e.g.,for the range
of 700 to 1000 MHz, the action value for the frequency of 700 MHz is calculated).
—1¢'Z1ES 71715728272 —E¢1-7S e 2, the-stim-of@ll sighdld widhZ+ 1&
a level greater than 30 dB below the maximum measured level must be less than 1.
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From the measured and calculated values, it was found that the assessed values of
the EefP electric field from the M1-M4 measuring points do not exceed the action values
of the Ea electric field. The population exposure is in accordance with the provisions of
the Act NR SR 355 / 2007 Zoll. and announcements of the Ministry of Health Commu-
nication SR 534 / 200TColl.

4. Conclusions

The interest in mobile phone services continues to grow. It is essential that potential
operators ensure data services for everyone equally. That is why the construction, the ex-
pansion of base stations for mobile operators, is essential. However, there is also a greater
interest on the part of residents or users in the negative effects resulting from the operation
of these base stations.

In the contribution , we described the experimental measurement of EMF intensity at
the mobile base station where the new mobile operator was added. Measurements before
and after the addition of a new operator have been evaluated for the frequency range of
700 »1000 MHz because both mobile operators use frequencies in this frequency range.
The increase in values after the addition of the mobile operator was only recorded in the
vicinity of the base station. Measurements in the municipality of the houses recorded
lower EMF intensities than in the operation of a single operator. This may be due to the
time difference when the measurement was performed or to the data services,they use in
the vicinity of the measuring point. It follows from the above that the extensi on of the
station by one operator with specified performance and technical regulation has a negli-
gible impact on the population .

Based on the measured values of the EMF intensity of the individual measuring
points, we have carried out a comparison with the permissible action values laid down in
the legislation in force in the Slovak Republic. All values are well below the EMF action
values set out in the legislation in force. Nevertheless, it is essential to monitor these
changes closely
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Abstract: Electrification of passenger cars is a common part of the design and production
of cars thanks to decreasing emission standards. We most often encoater hybrid cars on
the road, while these cars are powered by aninternal combustion engine and electric mo-
tor. If the electric motor is directly connected to the vehicle's drivetrain, it is affected by
the effects of torsional oscillations, which causes areduction in the efficiency of the electric
motor. For this reason, it is necessary to eliminate torsional oscillation as much as possible.
To eliminate torsional oscillation, a dual-mass flywheel with a certain load characteristic
is currently used. Our effort is to design a dual-mass flywheel where we could change the
load characteristic to a certain extent as needed. Such @ual-mass flywheel could be used
in combustion engines, in hybrid drives, but also in engines with cylinder deactivation.

Keywords: dual-mass flywheel, hybrid propulsion, torsional vibration

1. Introduction

Due to current and future environmental and ecological requirements, car manufac-
turers have been forced to apply various technologies to combustion engines, resulting in
lower fuel consumption and lower emissions. Such technologies and design changes can
be considered, for example, downsizing, down speeding or cylinder deactivation [1].
However, these technologies adversely affected the formation of crankshaft torsional os-
cillation. Historically, several measures have been taken to control the torsional vib rations
of the powertrain. For engines with high torque, a dual -mass flywheel (DMF) was de-
signed to eliminate torsional oscillation [2, 3]. Figure 1 showsthe elimination of crankshaft
vibration.

Figure 1. The elimination of crankshaft vibration with application of DMF [4].

The current trend to reduce emissions is the electrification of vehicles and the transition
to so-called hybrid electric vehicles (HEV) [2,3]. By combining an internal combustion en-
gine and an electric motor, car manufacturers achieved the required emission production
value. The hybrid powertrain is an electromechanical system that is sensitive to vibra-
tions. This fact is different from the problems of a vehicle with combustion engine .
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propulsion . Therefore, it isinevitable to suppress the unwanted torsional vibrations of the
hybrid vehicle as much as possible.

2. Defining the problem

In recent years, much effort has been devoted to DMF research with the aim of im-
proving driving comfort by eliminating vibrations an  d reducing stress on individual ve-
hicle components. Wang et al proposed a multi-level torsional stiffness DMF [ 5]. Pfleghaar
and his team designed an electromagnetic damping system for adual-mass flywheel [6].
Hu et al. analysed the working principle of a torsional vibration damper with a radial
spring of a dual-mass flywheel [7]. Chen et al. created a nonlinear torsional vibration sys-
tem with two degrees of freedom of a long arc DMF spring [ §].

The disadvantage of these designs and improvements is the undanging load char-
acteristic of damping torsional oscillations. Eliminating torsional oscillations is suitable,
for example, in cars with cylinder deactivation [9].

The suppression of torsional vibrations is essential for the driving performance of a
hybrid vehicle. The main aim of this proposal is to build a model with flexible members
that will provide optimal damping of torsional oscillations and eliminate vibrations.

In the issue of piston combustion engines, there is an effort to reduce the torsional
oscillation entering the electric motor located on the input shaft of the transmission [9].
Schematic drive of a hybrid car is shown in following figure. The drive consists of com-
bustion engine (1), DMF (2), electric motor (3), gearbox (4) and gearbox output shaft (5).

Figure 2.Schematic drive of a hybrid car.

Torsional oscillation adversely affects the operation of the electric motor and thereby
reduces its efficiency and lifespan. In different driving modes and under different condi-
tions, such as the excitation force of the engine, excitation from the road, wheel imbalance,
or when the car starts, gears or brakeg[9]. All this can disrupt the proper operation of the
electric motor and other parts of the car. One of the possibilities to eliminate the torsional
vibration of the crankshaft more effectively is to develop an element based on the princi-
ple of a dual-mass flywh eel. The dualmass flywheel, which can be used, is shown in fig-
ure 3.

Figure 3. Dual mass flywheel [10]
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3. Design of a pneumatic dual -mass flywheel

Our proposal is a dual mass flywheel in which we can smoothly change the torsional
stiffness and thereby achieve optimal regulation of torsional oscillations. Torsional stiff-
ness regulation consists of changing the pressure of the gas medium in the vibration
dampers. Such type of a pneumatic dual-mass flywheel can be seen in Fig. 4.

Figure 4. Pneumatic dual mass flywheel.

The procedure consisted in the design of adual-mass flywheel using linear pneu-
matic cylinders, which will allow us to smoothly change the torsional stiffness. Pneumatic
cylinders transfer the torque from the primary to the secondary mass.

Figure 5. Section of pneumatic dual -mass flywheel.

Fig. 5 shows a section ofa pneumatic dual-mass flywheel. The principle of use con-
sists in the fact that the primary mass (1) is screwed onto the crankshaft. The engine torque
is transmitted to the secondary mass via pneumatic cylinders (2). Inside the pneumatic
cylinders, it is possible to change the pressure ofthe gas medium and thereby eliminate
torsional oscillation more efficiently . The torque is transmitted to the secondary part of
the flywheel and from there by means of a coupling to the transmission input shaft.
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4. Conclusion

The use of dualmass flywheels in the automotive industry is commonplace today. His-
torical development, increasing driving comfort and lowering emission limits forced car
manufacturers to develop new components and technologies. Our aim is to design a dual -
mass flywheel with the pos sibility of regulating the damping of crankshaft torsional os-
cillations. In the next researchwe would like to focus on the numerical analysis of the
designed two-mass flywheel, the results of which will be verified by experimental m eas-
urements in the laboratory at our workplace.
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Verification of the properties of linear position sensors
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Abstract: Linear position sensors are designed to measure the distance between aphysical object
and a point of reference, as well as changes inposition. Linear position sensors are designed to
measure the distance between a physical object and a point of reference, as well as changes in posi-
tion. Linear position sensors play an important role in automated machinery. Therefore, it is essen-
tial that these sensors are highly accurate and have low measurement errors. In this article there
were verified properties of two small linear position sensors. They were mounted on a measuring
stand and detected a change in the position of a reflecting surface. There were created transfor-
mation and calibration characteristics and there were calculated regression equations, standard de-
viations and combined standard uncertainties from obtained data. From the po int where both sen-
sors showed a voltage change, the working range was evaluated. Both sensors have different work-
ing range and one of them will be chosen to be usedon inclination tribometer for sensing the posi-
tion of the body.

Keywords: linear position sensor; measurement; uncertainty ; proximity

1. Introduction

Linear position sensors measure by converting displacement into an electrical out-
put. A wide variety of measurement principles can be used to make precise and reliable
measurements for a broad range of applications. Linear position sensors and measure-
ment systems are used in industrial applications as well as in scientific laboratories. There
are many different types of linear position sensing technology available : capacitve, in-
ductive, magnetic, photoelectric and ultrasonic [1 . 5].

Capacitive sensorsare non-contact type of linear sensors and work by measuring
the difference in voltage applied between the sensor and its target. Capaciiv e sensors can
either be used in conductive and non-conductive material but is sensitive to environmen-
tal parameters such as air. The principle of induct ive sensors consists in the transfor-
mation of the measured position to the change of coil's own inductance, or the coil's mu-
tual inductance. The main part of the sensor isone or more coils. The displacement of the
measured object changes the electrical and magnetic properties of the sensarMagnetic
proximity sensors detect permanent magnets. At first glance they look the same as induc-
tive sensors, but they allow the object to be detected even through non-magnetic metallic
materials (aluminum, gold, etc.). They have a relatively long range and small dimensions.
Photoelectric sensors includefiber optic, optical triangulation, and optical time of flight.
They function by using the projection and detection of light. Ultrasonic sensors work sim-
ilarly to photoelectric sensors by using the projection and detection of sound [1 . 5].

For purpose of this work two different position sensors were chosen: photoelectric
and ultrasonic sensor. There are many differences between them, they are usedin differ-
ent industrial applications and the aim of this work is to verif y their properties in order to
choose oneof them for the next research

2. Sensorsand Measurement Method ology
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Ultrasonic sensor UB 80018 GM 40-1-V1 Pepperl + Fuchs has analog output in the
form of electric current, but for the purposes of this article, a resistor with a value of 500 1
was used. The resistor was connected to the current output of the sensor, and then
the drop in electric voltage on this resistor was measured. This modification was imple-
mented in order to make the results comparable with another sensor tested in this article.
The principle of the sensor consists in non-contact detection of the measured object.
A measuring stand (Figure 1 left) was created with a linear guide with a range of 1000 mm
and an adjustable sensor holder specially designed for this purpose and printed on a 3D
printer from PLA material. On this stand, there was another holder holding reflective sur-
face, which served as the detectedobject, and it was placed on the linear guide. The mu-
tual distance between the sensor and the reflecting surface was gradually adjusted during
the measurement using gauge blocks with a step of 2.5 mm from 40 to 80 mm and a step
of 10 mm from 80 to 850 mm, 10measurementsfor each step under the same measurement
conditions. Sensor was connected to the power supply and multimeter Mastech MY74
(Figure 1 right).

Figure 1. Measuring chain with ultrasonic sensor .

The PanasonicHG . C1400P photoelectric non-contact sensorused the same meas-
uring stand (Figure 2 left) as the ultrasonic sensor for the measurements,therefore
the same reflective surface was used as the detected objectThere was also 3D printed
sensor holder. In this case, the mutual distance between the sensor and the reflecting sur-
face was also set usinggauge blocks (Figure 3) with a step of 10 mm from 200 mm to 600
mm, and the measurements were carried out 10 times under the same conditions. In this
article, white matte paper was used as a reflective surface(Figure 3). Sensor was connected
to the power supply and multimeter UNI-T UT 71E (Figure 2 right).
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Figure 2. Measuring chain with photoelectric sensor.

Figure 3. Measuring chain and reflecting surface.

3. Results

A total of 1350 measurements were performed. The results of the verification meas-
urements of sensors were processed ito a graphic form as a transformation and calibra-
tion characteristic. From the point of view of practical application, the usable measure-
ment ranges of these sensors were determined A regression curve was analyzed
on the graph of the calibration characteristic, from which the regression equation
and model were calculated. This will allow to recalculate the output electrical voltage to
the measured position and equation can be further applied to the electronic unit (PLC or
microcontroller) to which the sensor w ill be connected. Both characteristics for sensors can
be seen inFigure 4, Figure 5,Figure 6 and Figure 7.
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Transformation characteristic of ultrasonic sensor
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Figure 4. Dependence of theaverage output voltage of ultrasonic sensor on the position.

Calibration characteristic of ultrasonic sensor
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Figure 5. Dependence of theposition on the average output voltage of ultrasonic sensor.
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Figure 6. Dependence of theaverage output voltage of photoelectric sensor on the position.
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Figure 7. Dependence of theposition on the average output voltage of photoelectric sensor.

There were calculated type B evaluations of standard uncertaint ies from datasheets.
According to manufacturer of UB 800-18 GM 40-1-V1 Pepperl + Fuchs[6] repeat accuracy
is 1.5 % of full -scale value, therefore uswas:

rav. Oywr ,
Q) L————L Gt - ()
YA

Output voltage from ultrasonic sensor wasdisplayed on multimeter Mastech MY74.
According to manufacturer of the multimeter Mastech MY74 [7], maximum permissible
error (MPE) of DC voltage for range from 200 mV to 200 V is:

12" gogL rav UPE ras Ut @)
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According to manufacturer of Panasonic HG . C1400P [8] repeatability is Y V V 1of—
measuring distance 200 to 400 mm S —+ 1 AV \bflmeakuring distance 400to 600 mm,
therefore uswas:

Q L rz'ilL 3 Q Lr&L a 3)
), & — ra&yee ), £ —_ ra/ Xee
Es5 7 y E6 70
According to manufacturer of the multimeter UNI-T UT 71E [9], MPE of DC voltage
for range from 200 mV to 1000V is:
12" .59 L ratw” UPE rars Ow (4)

There were calculated type B evaluations of gandard uncertaint ies of multimeters
and type A evaluations of standard uncertaint ies of measurements and therefore, com-
bined standard uncertainty could be calculated too . These uncertainties can be seen irFig-
ure 8 and Figure 9.
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Figure 8. Standard uncertainty ua, us, uc of ultrasonic sensa.
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Figure 9. Standard uncertainty ua, us, uc of photoelectric sensor.

4. Discussion

From the results processed into graphscan be evaluated that in the Figure 4 of the
ultrasonic sensor average output voltage started at 2069V at 40 mm and had simil ar val-
uesof voltage until 70 mm. Therefore, these valuescannot be used for measuring distance
becausethey are in a deadband. At 70 mm the voltage started toincreasein alin ear man-
ner up until 9.656 V at 850 mm Then the working range would be from 70 to 850 mm.
In the Figure 6 of the photoelectric sensor average output voltage started at 4.9625 V
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at 200mm and was decreasing in linear manner until . 0.0021 V at 600 mmTherefore,
the working range would be from 200 to 600 mm.

Calibration characteristic could be described as dependence of the position on theav-
erage output voltage and in the graphs, there were analyzed regression curves from which
there were calculated regression equations and model. In the Figure5 (ultrasonic sensor)
regression equation was linear pstn, = 102.69ltg , - 139.6and regression model was close

to v=1:R,10.9989In the Figure 7 (photoelectric sensor) regression equation was linear
pstn, =-80.257%Itg, + 598.01and regression model was very close to oneR, 10.99999

In the Figure 8 for ultrasonic sensor can be seendependence of the type A, type B
and combined standard uncertainty results on the position. The type A standard uncer-
tainty was as low as 0V and maximum was 0.0017 V.Therefore, it can be hardly seen
in the graph. The type B standard uncertainty depended on the chosen multimeter
and until 80 mm values ranged between 0.0171 V to Q0175 V. From 90 mm itincreased
in linear manner up to 0.0394 V.Type B standard uncertainty and combined standard un-
certainty values were very similar, because type A standard uncertainty was very low.

In the Figure 9 for photoelectric sensor can be seendependence of the type A, type B
and combined standard uncertainty results on the position . The type A standard uncer-
tainty values ranged from 0.0001 to Q0012 V.Becausefor photoelectric sensor was used
multimeter with higher accuracy the resul ts for the type B standard uncertainty were from
0.0029 V to 0.0036 V. The values decreasedwith increasing distance in linear manner.
Combined standard uncertainty was also very similar to the type B uncertainty
for the same reasors as forthe previous sensor.

5. Conclusion

According to the obtained data both sensors had great resultsand low standard un-
certainties in their measured range. A great option for use on an inclination tribometer,
where it is necessary tosensethe position of the body set in motion, would be ultrasonic
sensordue to the lower value of the distance that can be registered by the sensor There-
fore, the tribometer would not have to be long.
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Abstract :

The aim of this review is to make an overview of existing bioreactors in tissue engineering and their
parameters for cell and tissue cultivation. Types of tissue engineering bioreactors can be divided
into many groups depending on which parameter we consid er. We decided to make a list of biore-
actors depending on how they stimulate cells during cultivation process . Based on that list we
named parameters which are dependent on those bioreactors. The outcome from this review is a
table of designs of bioreactors and important parameters for mimicking physiological phenomena .

Keywords: bioreactor, tissue engineering, regenerative medicine, cultivation

1. Introduction

Tissue engineering uses a combination of the structural, biological, and physico-
chemical characteristics of cells, engineering, and materials science to create solutins for
the replacement, repair, and regeneration of tissues and organs.

There areseveral other applications for bioreactors, both on a micro- and larger scale;
small- and micro-bioreactors are frequently used in manufacturing to design new produc-
tion processes prior to full -scale fabrication, as well as labon-a-chip applications. This
review, however, is not about these. Rather, this review will focus on the design of biore-
actors that will address functional m imics of an in vivo environment .

Bioreactors are devices used for tissue culture and simulation of the in vivo environ-
ment. Most bioreactors are designed with a specific tissue type in mind so that the precise
physiological environment for the tissue type can be produced.

2. Materials and Methods

During the design process, the specific use of the bioreactor must be kept in mind to
ensure that all design conditions are met. If various parameters such as pH, nutrient con-
centration or oxygen levels are to be monitored, these sensors should be built into the
design. If a pump or motor is to be used, it must be small enough to fit in the incubator
and also usable in a humid environment. The forces required for cell stimulation are very
small, so it is important to ensure that the pump/motor has the sensitivity to accurately
exert small forces. In any structure involving fluids, fluid sealing problems may occur,
and the need for seals should be minimized as far as possible. If a bioreactor prototype is
being designed, it is worth thinking about innovative improvements from the very begin-
ning. This may mean designing a device that can be scaled up relatively easily without
changing its properties / a bioreactor that can use more than one cell carrier at a tim.

The choice of materials is very important, as it must be ensured that the materials do
not have negative effects and reactions with the cells during cultivation in the bioreactor.
Any material that will be in direct contact with cells must be biocompatible and bioinert.

Several criteria determine the design of the bioreactor. The criteria may vary for dif-
ferent tissue types being developed, but in general the bioreactor must be designed to
meet the following requirements (SeE[Fiéure 1) :
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Permanent control of the physical and chemical environment;

Constant monitoring of cell and tissue quality;

Ensuring that the process takes place under sterile conditions;

Determining t he exact number of distributed cells per cell carrier;

Ensuring that cells have sufficient exchange of nutrients and waste with the environ-

ment;

x  Exposure of the developing tissue to the necessary mechanical forces according to
the type of tissue;

X Maintain a high level of cell proliferation;

X  Ensure bioreactor materials are cell/tissue compatible.

X X X X X

Figure 1. Schematic diagram of engineering parameters for bioreactor design

Bioreactor systems offer the opportunity to study cellular function, cell -to-cell inter-
actions, and tissue development within controlled 3D models that are designed to provide
cells with the conditions of their natural environment. In this regard, various culture sys-
tems have been developed to support tissue engineering constructs.These cultivation sys-
tems can basically be divided into two main categories :
1. Static cultivation systems (traditional method) ;
2.  Dynamic cultivation systems .

Figure 2. Comparison of effects observed in static and dynamic cultivation EI

This traditional method of tissue cultivation does not meet all the conditions for the
regeneration of a functional organ. When 3D tissues are cultured in a static culture system,
the cells on the outer surface of the scaffold are viable, while the cells inside are less active
or necrotic. By regularly supplying oxygen and maintaining its level in a static 3D culture,
it was shown that an oxygen gradi ent was formed from the surface of the carrier towards
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the center. As a result, thin tissues (e.g. skin) and tissues that are naturally vascular (e.g.
cartilage) grow more easily in static culture systems than thicker vascular tissues .

In contrast to static culture conditions, the use of bioreactors has the potential to
achieve a more dynamic, organ- or tissue-specific culture by providing better conditions
and improving nutrient supply. Development of artificial tissues in bioreactors generally
involves less handling than static culture methods to significantly reduce the risk of con-
tamination . You can see the difference between static and dynamic cultivation on

2.1. Dynamic bioreactor systems in tissue engineering

There are different types of dynamic bioreactor systems (se:
Bioreactors with a rotating bank ;

Bioreactors with rotating walls ;

Bioreactors with hollow fibers ;

Direct perfusion bioreactors;

Bioreactors that apply controlled mechanical forces.

®oo o

Figure 3. Types of dynamic bioreactor systems in tissue engineering H

Rotating bank bioreactors are used to seed cells into 3D scaffolds and to subse-
quently cultivate the constructs E

Rotating wall bioreactors provide constructs with a dynamic culture environment
with low shear stress and high mass transfer rates. The walls rotate at a rate that allows
the drag force (Fd), the centrifugal force (Fc) and the net gravitational force (Fg) on the
structure to be balanced E]

Hollow fiber bioreactors can be used to enhance mass transfer during the cultivation
of highly metabolic and sensitive cell types. In one configuration, the cells are embedded
in a gel inside the lumen of the permeable hollow fibers and the medium is perfused
through the outer surface of the fibers E]

Direct perfusion bioreactors are systems in which the medium flows directly
through the pores of the scaffold E]

Bioreactors that apply controlled mechanical forces, such as d/namic compression,
to cultured tissue can be used as model systems for tissue development under physiolog-
ical stress conditions E]

2.2. Bioreadr parameters

There are parameters that must be controlled and adjusted appropriately to maintain
controlled, reproducible experiments. The parameters are:
X pH;
X  Oxygen diffusion ;
X  Transport of nutrients an;
X Waste removal.

These parameters are crucial to maintain in a properly constructed bioreactor. In par-
ticular, mass transport and diffusion limitation problems related to oxygen transport have

103



Novus Scientia 2023

severely limited efforts to create tissues that normally have high vascularity a nd/or cellu-
larity @ For more parameters go tdTable 1. Bioreactor properties [9]|

Table 1. Bioreactor properties |9

Biochemical properties Biomechanical properties
Nutrients
pO2and pCO:2 Flow intensity
Vaste Cultivation chamber volume
pH Pressure
Temperature Tension and other mechanical stimulations
Humidity

The growth and differentiation of many cell types and consequently the structure
and architecture of tissue is regulated by four main sources of extrinsic signaling. These
include:

1. Soluble growth and differentiation factors ;

2. The nature and organization of the insoluble and soluble components of the extracel-
lular matrix (ECM) ;

3. Intercellular interactions ;

4. Environmental stress induced by fluid flow and/or mechanical stimuli such as dy-
namic, static or shear forces, as well as other physical stimuli such as oxygen tension
and pH effects.

Figure 4. Stimuli controlling cell behavior

In a complex environment ((Figure 4}, the cell is exposed to electrical (1), electromag-
netic (II) and biochemical (Ill) stimuli. In addition, cell -cell interactions (IV), mechanical
forces (V) or cell-matrix interactions (VI) can influence cell development.

For outcome of this review follow to |Table 2. Designs of bioreactors and important |

parameters for mimicking physiological phenomena [10- 30|

Table 2. Designs of bioreactors and important parameters for mimicking physiological phenomena 10"30

Physiological phenomena Physical / biological stimuli Design Parameters

Blood supply through the Sufficient supply of O 2, growth Rotating walls Flow rate and velocity

capillary network factors and nutrients Perfusion

Weight-bearing joints Mechanical compression leadingto  Bioreactors with Static/dynamic compression

during locomotion tissue pressurization pressue and tension  Stroke length and frequency
application
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Stretching of muscles and

A tensile force that pulls tissue and

Uni-/bi-pull

Traction force

tendons cells movement Radial Tensile tension
thrust movement Frequency
Fluid flow through cells Hydrostatic/dynamic shear force Perfusion in a thin Shearstress

wall 3D perfusion

Fluid flow rate

Simulation based flow

Joint movement

Shear force

Sliding surfaces

E'«"ed1l™ ¢cz71S81e>

Development, wound

healing, nerve impulse

Electric current and potential

difference

Electric stimulator
Electromagnetic

current

Voltage and current
Frequency (pulsating alternating

current and direct current)

Muscle contraction

The electrical signal that depolarizes

the cells

Electric stimulator

Voltage and current

Frequency

Cell adhesion to the tissue

matrix

Cell-substrate attachment through

antigens and protein bonds

Substrate for micro

sampling

Substrate composition, spatial

distribution and stiffness

Communication cell - cell

Local cellular contact

Microcontact
printing Contact

surface

Cell type
Cell density

Cell surface area

In vivo response of
multiple cell types, factors

and properties

Tissue response in vivo cell type

and stimulatory factors

Implantation in

vivo

Complex tissue development,

formation and function

3. Results

The review paper is devoted to the analysis of the current state of bioreactor systems
and their parameters. In this work, it was possible to summarize all the necessary infor-
mation for the design and function of simple bioreactor system. We were successful in
naming all requirements for bioreactor design:

X  Material properties ;
X  Biomechanical parameters
X  Biochemical parameters.

4. Discussion

Knowing the characteristics of cells and tissues as well as how they behave in their
natural environments is a fundamental requirement for advancement in tissue engineer-
ing and regenerative medicine so that theory may be put into reality. This review sough t
to provide a summary of existing tissue engineering bioreactors before designing a biore-
actor system.

Over the last decade, there have been significant improvements in the design and
construction of bioreactor systems. Systems have been developed that How robust and
reproducible culture conditions to be maintained. Specific bioreactor design is critical to
the production of useful systems that can predict performance when based on the natural
niche of cells from in vivo physiology.
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Presentation of the 3D laboratory in a virtual environment
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Abstract: The aim of this article is to point out the possibility of creating a virtual model of the

laboratory using Pixyz and SolidWorks. The level of enterprise development advances with science
and technology. Virtual reality is among the latest technical elements that find their application in

the teaching process as well as in the field of industry. Virtual reality offers an environment in which

various equipment and user integrations with the virtual world can be created. Precisely because of
its feature of integration, virtual reality is very useful in the process of presentation or teaching.
The PiXYZ program is a means of combining models from the SolidWorks program into a virtual

environment where objects can be manipulated.

Keywords : PiXYZ, virtual realit y, education, VR labs

1. Introduction

The laboratory is most often used for the presentation of logistics processes and as-

sembly process training. Students and teachers within the faculty use this laboratory for
the teaching program. The construction of this laboratory required careful planning and
financial resources. To support laboratory training, a virtual model is created in which the
assembly process takes place using virtual reality. The entire process must be established
even before students perform actual exercises in a real lab. Especially connecting the vir-
tual model to the Oculus Rift S.

Smartphones and computers are now one of the main parts of everyday life. This is

the first alternative for using the virtual model.

The second option is the use of virtual technology on gaming devices that support

the use of virtual reality. Virtual reality can display objects exactly as they do in real life.
The use of virtual reality in the laboratory can increase the safety and simplicity of labor-
atory activi ties, in this case, the process of assembly and logistics processes.

One of the competencies needed in this era of digitization is the subject of digital

engineering. Digital engineering is a good competitive skill that can face the industrial era
4.0. Digital data and communication are the most used currently. Knowledge of digital
engineering is the basis of programming and development from machines in this era [1].

2. Virtual reality

Virtual reality is a computer -simulated environment that provides the us er with in-

tegration and changesperception because ofsensory information sent to the human brain.
Virtual reality, in its current form, is the result of years of technology development and
the implementation of microprocessors capable of performing a huge number of calcula-
tions [1-2].
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Like any technological innovation, virtual reality is also going through the process of
implementation in various industries at a rapid pace. Figure 1 graphically shows the per-
centage use of virtual reality in different areas.

Figure 1. Percentage use of virtual reality in different areas [source: Perkins Coid4]]

The virtual laboratory shows a room and a set of objects, such as computer equip-
ment and office objects, such as tables, chairs, cabinetsand stands, which serve to simu-
late logistics processes from a real manufacturing plant.

2.1.Virtual laboratory design

Virtual labs are created using virtual reality, which is projected for students using the
Oculus Rift S. The virtual environment is created to resemble a real conventional training
place. Movement control is provided by PiXYZ software. where embedded components
are added as individual parts, and for each, it is necessary to set free movement axesn
the PiXYZ software environment. There are several processes that users can perform in
the virtual environment. Figure 2 shows the flowchart of the virtual laboratory  [3].

Figure 2. Flowchart of the virtual process [source: ResearchGate]
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The following figure shows the appearance of a virtual laboratory that was created
in the Solidworks program. If this process of creating virtual models and rooms begins,
the student will also be able to work with this program, beca use the program for 2D and
3D modeling is taught. The first step to creation is to create your own 3D models or down-
load them from internet sources. If the equipment of the laboratory is secured, we proceed
to the second step, which is the creation of thewalls of the room. We will then combine
everything into one unit within the Solidworks program in the Assembly section.

Figure 3. Creating a virtual form of the laboratory in the SolidWorks program

Only a 2D/3D model of the laboratory can be created within the program. Now what
is needed is PiXYZ review software that can provide a virtual environment. It provides
flexibility and control over a virtual object for which degrees of freedom are defined i n
the PiXYZ program.

Another software element used in the process of creating and using a virtual model
is the Oculus and Steam VRapplications. As part of the PiXYZ program, it is then possible
to start a virtual environment and manipulate entities with t he help of controllers.

Figure 4 shows the environment of the PiXYZ program, which was used to integrate
several programs and components in the creation of a virtual laboratory.
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Figure 4. The environment of the PiXYZ program

5. Conclusions

This article is a description and at the same time instruction on how to create a virtual
laboratory. The article describes the individual steps and the software that needs to be
connected.

The article also develops a virtual laboratory as part of digital engineering. Many
advantages result from this virtual laboratory, such as broadening horizons for students
when they collaborate on production or directly train environment control and manipu-
lation in a virtual environment. Another advantage is the readiness of the viral environ-
ment in case of a pandemic or the impossibility of working in a real environment. In a
virtual environment, a real logistics process is tested, which is a big plus, when the com-
pany does not need to test innovations on a real process, but primarily in a virtual envi-
ronment, where it is much easier to make changes if necessary than in a real environment.

However, during the creation of the virtual laboratory, the collective of authors also
revealed shortcomings in the chosen procedure or cooperation between software. For ex-
ample, the SolidWorks program, with complex components that are represented in large
gquantities, creates a great burden for computer software equipment. It also has conse-
quences (overheating, program crashes and long loading times). When uploading the vir-
tual laboratory to its environment, the PiXYZ program repeatedly forced itself to shut
down for no reason, then a restart was necessary.

This article is the first step towards the creation of a functional envir onment where
the time security of processes will be investigated, for example, the assembly of a compo-
nent in a real environment and the time required for assembly in a created virtual envi-
ronment.

This article was created by the implementation of the grant projects: APVV -17-0258 Digital engineering elements appli-
cation in innovation and optimization of production flows. APVV -19-0418 Intelligent solutions to enhance business
innovation capability in the process of transforming them into sma rt businesses. VEGA 1/0438/20 Interaction of digital
technologies to support software and hardware communication of the advanced production system platform. KEGA
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Abstract: The article deals with formability testing of dual phase steel DP 800 that is used for pro-
duction of part used in the rear deformation zone of the car-body. The thickness of steel was 1.5 mm
and Limit Dome Height test was performed on an Erichsen 14560 testing machine. Specimens of
different width were stretched up to the fracture and the punch path and force were measured.
Specimens were etched to create deformation grid of dots in order to measure strain distribution by
photogrammetric system Argus. Then, the simulation model of LDH test was created and the aver-
age punch path was set to calculate the strain distribution as well, when constitutive equations Hill
48 and Hollomon model described the material. Results of strain distribution measured experimen-
tally were compared to those one numerically simulated.

Keywords: LDH test, stretching force, punch path, experiment, simulation

1. Introduction

Demands of making cars lighter weight to achieve lower emissions during their op-
eration, but still keeping passengers safety, steel grades like AHSS steels are implemented
in the body structure. These steels offer using lower steel sheets thickness for stamped
part due to their higher strength. Dual phase steels are commonly used in certain car-
body parts because of thdr good combination of strength and ductility and low produc-
tion costs [1].

Formability, defined as the ability of sheet metal to be stamped without any fracture,
depends on severalinteracting factors [2]. The total formability can be classified as a ma-
terial one and process one [3]. Material formability can be easily tested by the tests which
lies on simple tensile or compression test. Otherwise, process formability includes several
processdepending factors when combined with material properties. Due to different
stressstrain distribution in each stamped part region, there is no single testing procedure
for satisfying to test formability in a simple way. Thus, different simulative test sare used,
such as Erichsen, Engelhardt, Cup test, Limit Dome height etc. [2-4]

Limit dome height test (LDH), introduced by Ghosh and modified by Hecker, was
developed to simulate the fracture conditions under plane -strain deformation, which was
identified by the Hecker as more than 80 % of the stamping failures [5,6]. Furthermore,
the test was modified to use metal sheet strips with different width, material thickness
and laser welded dissimilar materials. Sahu [7] applied LDH test to study deformation
properties of very thin brass sheet. They modelled biaxial, plane-strain and uniaxial strain
paths by scaling down the tool and specimen dimensions and evaluated limit strains as
well. Xie and Nakamachi [8] predicted the formability of high -strength steels and by using
elastic/crystalline viscoplastic FE analyses of standard LDH tests. From LDH formability
test they confirmed that the combination of high -strength steel with a little proportion of
gama texture components could lead to significant improvement of formability. Kuramae
et al [9] performed modified LDH test on four automotive sheetmetals (3x aluminium and
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steel H220PD). They performed formability analysis from the view of microcrystalline
texture evolution during plastic deformation by the multi -scale LDH test analysis, which
was done by using multiscale parallel fin ite element procedure. As a result, they com-
pared the results of FE prediction of fracture to the LDH test performed with flat head
punch for various strain path conditions. Katragadda et all [10] conducted LDH test for
different steel grades used in automotive industry. Results of experiments compared to
the simulations when applied Hill 48 and Hollomon's equation as constitutive equations
to describe material behavior. Bandyopadhyay et al [11] conducted formability tests for
laser welded tailor welded blanks of dissimilar materials (DP980/DP600 and
DP980/IFHS). They found out the decrease of formability for LDH and Erichsen cupping
test were approximately following similar trend, and hence, the punch size played a mi-
nor influence.

The aim of the article is to compare results of LDH tests reached experimentally when
testing dual phase steel DP800 to those one reached by numerical simulation of the test.
Otherwise, major and minor strains will be measured by photogrammetric system Argus
and compared to the strains calculated in simulation software PamStamp.

2. Materials and Methods

2.1 Material . DP800

Formability of dual phase high strength steel DP800 with thickness 1.5 mm was as-
sessed by the limit dome height test (LDH). Mechanical properties of experimental mate-
rial were tested according to standard: ISO 68921, plastic strain ratio according to 1ISO
10113 and strainhardening exponent according to ISO 10275. Samples for mechanical tests
were «S77Z—1"—15%ee’ —ele’ > ZE+""—1V U driefibl aisetropy. \Thrde Sdec? ce E >
imens were measured in each direction and average values are shown in Table 1. Tests
were done on TIRA test 2300 testing machine equipped with longitudinal and transversal
extensometers with precision 0.001 mm. Plastic strainratio was evaluated at uniform elon-
gation level and strain hardening exponent within the range 5% to uniform elongation.

Table 1. Mechanical properties of dual-phase steel DP 800, thickness 1.5 mm

Rm- e Rm T~ r rm [- n [- Nm
[MPa]  [MPa] [%0] [-] ] ] [-
vuU 527 828 19.9 0.873 0.126
Z[U 508 830 18.2 0.907 0.917 0.125 0.125
VU 496 838 18.4 0.979 0.123

2.2Limit Dome Height (LDH) Test

The limiting dome height test, also known as LDH test is a method used to determine
sheet metal forming properties. The limiting dome height test is used to determine the
ductility of sheet metals and is comparable to a Nakajima test. A hemispherical die strains
the clamped specimen until break. Testing is performed on specimens with various width .
For each specimen the maximum attainable dome height and strain at break are deter-
mined. Experiments were conducted on Erichsen 14560 testing machine with Nakaj ima
tooling setup . The Erichsen 14560 is a universal deepdrawn sheet metal testing machine
from the German manufacturer Erichsen. The maximum force of this equipment is 600
kN. This test equipment is electro-hydraulically controlled. Test sequences can be con-
trolled automatically or manually as required. The machine control unit takes care of the
error-free operation and control of the test equipment. The pulling force is displayed dig-
itally along with the holding force.
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For our experiment we used blanks with widths of 196, 133,108 70, 39 and B milli-
meters. There are illustrated in Fig.1.

Figure 1. Types of blanks.

The deformation mesh was applied to the samples by electrochemical etching on an
[ 1 1 «Sceoe’E1YVVil ‘Z1 ™' 1B shmplelwith B «fidtriE thrafigh
which the electrolyte is fed via a graphite electrode. The electrode moves evenly over the
entire surface of the sample. Both the sample and the electrode are connected to a DC
voltage. Rectangular deformation grid consist ed of dots with diameter of 1mm and spac-
ing 2mm in rows and columns. The Argus 3D optical system from the German company
GOM was used to measure the applied deformation mesh. It is a well-established and

frequently used device for the evaluation of various types of forming processes due to its
complexity .

2.3 Simulation model of LDH test

Figure 2. Simulation model.

The simulation model is shown in Fig.2. It consists of three parts . die (green), punch
(yellow), pink (blank holder), and blank (grey). These parts were meshed during import-
ing CAD model of the tool and set as rigid surface tools. The picture shows one type of
blanks with a width of 70mm. Blanks were meshed by square elements 2x2mm. Yield law
and hardening curve describing material behavior were defined as follows:

Hill 48 anisotropic plasticity model:
N:sE Ny . R

tN 6
/\6 ’\6 A
Q‘;LN4:SEN;86FSEN%e6Lke50 (1)

Hollomon hardening model (Eq. 2).
éL- @? 2
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where K is material constant, n is strain hardening exponent and ro, rss, reo are plastic
®e>S' —1>Se" @10 S—"¢>e R1IE " Ze'E'Z—eUl —1®™ZE «'Zels"

3. Results and discussion

The results of the measurement of the maximum tensile forces and the punch path
up to the specimen fracture for the individual widths of the samples are given in Table 2.
For the individual widths, 3 measurements were carried out and the average value of the
maximum force and the average value of the path at fracture were calculated. In the sim-
ulation model, this average value of the path was used to define the path of the punch.
Table 2 shows the results of the maximum force from the numerical simulation and Fig. 2
illustrates the progression and comparison of the forces obtained experimentally and from
the numerical simulation.

Table 2. Measured values of the maximum force and the punch path at fracture

Experiment Simulation
Max. Force  Average Stroke Max. Force Stroke
[kN] value [mm] [kN] [mm]
196 211.31 34.44
205.68 211.4 33.16 234.7 36.6
217.22 36.62
133 133.88 25.4
127.39 131.3 24.54 152.85 24.91
132.75 25.16
108 97.53 23.4
92.67 97.9 22.52 112.92 23.5
103.76 24.58
070 110.11 112.3 30.86 123.6 31.57
114.52 32.28
039 60.45 29.42
61.29 60.2 30.16 62.74 29.52
58.86 28.98
026 37.91 26.16
37.37 37.5 24.46 35.77 25.45
37.36 25.74

Figure 2. Comparison of force-punch path for a 108 mm blank width.
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a) b)

Figure 3. LDH test results: a) dependence of the maximum force on the blank width ; b) dependence of thedome height at fracture

on the blank width

Fig. 2ashows a graphical representation of the measured data from the previous ta-
ble. From this image it can be statal that the force measured in the simulation is slightly
higher than the force measured in the real experiment. You can also see in the image that
the forcesmeasured onthe larger blank width s differ more than those of the smaller blank
widths . The larger the diameter of the blank, the greater the difference in force between
the simulation and the experiment. This graph also shows a small jump in force values for
blanks with a width of 108 mm. As the blank width is reduced from 196mm to 108mm,
the maximum stretching force decreases. It is possible to observe a discontinuity of de-
crease in the range of specimen width 108mm to 70mm, then the pulling force decreases
as well.

Fig. 2b shows a comparison of the achievedpunch path for each specimenwidth. The
minimum value of punch path - LDH parameter - was recorded for a specimen width of
108mm 0 1% 1XYTi[1?t1whidhlis-eoirsidered as plain-strain state. The results com-
ply to the results of Takahashi, which performed LDH test on AHSS steel [12,13].

The results of the strain distribution measured by the Argus system and determined
by numerical simulation are given in Tab. 3. Major strains of the fracture zone when meas-
ured by Argus were significantly larger than those of the safety zone [14]. Even though
the results of numerical simulations depend on yield law -hardening law combination, i t
is possible to state a good agreement between the results of experimental measurments
and numerical simulation.

Table 3. Comparison of major and minor stra in measured experimentally and calculated by nu-
merical simulation

Simulation Experiment

Minor strain

Major strain Minor strain Major strain

039

116



Novus Scientia 202

108

196

5. Conclusions

The article presents the result of LDH test conducted on dual phase steel DP800. This
steel is being used to made stamped part for rear deformation zone of cars. The minimal
punch path, i.e. LDH parameter was reached for plane-strain condition modelled by spec-
imen width 108mm. It was confirmed by me asuring the strain distribution using ARGUS
photogrammetric system. The results of strain distribution for selected samples were also
correlated to the numerical simulation of LDH test. Further research will be focused to the
evaluation of limit strains an d its correlation to the numerical simulation.
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Abstract: The paper provides insight into the process of using numerical airflow simulation in the
development of vehicle aerodynamics. For the increasingly common use in the automotive indus-
try, it highlights the process of solving such a problem, using the design of a new aerodynamic
vehicle body element to do so. The aim is to investigate the effect on the welkknown pheno menon
of the A-pillar vortex in the flow around a selected vehicle body. It highlights the importance of
adapting the geometry of the car for the desired airflow and achieving good aerodynamic results .

Keywords: car aerodynamics; CFD method; A-pillar vortex.

1. Introduction

The automotive industry is one of the most progressive areas of engineering. It is
involved in the continuous application development of technologies and materials, but at
the same time supports the development of related scientific fields. As the car consumes
energy not only for propulsion but also for overcoming driving resistance, the dominant
one being aerodynamic resistance, the development of aerodynamics plays an important
role in efficiency. Further aerodynamic adva nces are continuously being explored to
improve driving comfort, reduce energy consumption and improve the driving and
safety characteristics of cars. The research and application of new aerodynamic features
in mass-produced passenger cars is coming to thefore. As well as the development teams
of automotive companies, scientific teams are also working on research into new geo-
metrical features that optimise airflow around vehicle bodies. One area that is the subject
of much study is the phenomenon of the so-called A-pillar vortex of the automobile. The
effect of this phenomenon on the overall airflow around an experimental car body via the
CFD (Computational Fluid Dynamic) method was published in [1] by Murad et al. The
study of the formation and understandi ng of the A-pillar vortex phenomenon of a car via
the CFD method was addressed by Bonitz et al. in [2]. The generation of experimental
data for validation of humerical methods in the design and study of A -pillar car vortex
was published in [3] by Wood, et al.

2. Research of car aerodynamics by CFD method

CFD (Computational Fluid D ynamics), belongs to the field of CAE (Computer
Aided Engineering). It is the computational analysis of fluid or air flow as well as heat
transfer in various industrial fields. It has been part of the development of automotive
aerodynamics for several decades. At the vehicle development stage, it provides a
high -resolution representation of the complete flow field around the vehicle, from which
changes can be made for better aerodypamic results.
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Figure 1 Example of a display of streamlines around the body of a vehicle with a colour scale dis-
tinguishing their speed in different areas [8]

The main reason for using CFD is that it allows for faster development cycles and
cost savings compared to traditional wind tunnel testing, which has been used in the past
as the main tool for aerodynamic testing. The ability to predict aerodynamic properties in
a fast, iterative and highly accurate manner allows engineers to optimise the aerody-
namic elements of a car right from their workstation, before any parts are manufactured
and deployed in mass production. By simultaneously using a combination of CFD
methods and verification of results on a physical prototype in a win d tunnel, accurate
and directional results can be achieved for automotive development [4 -6].

The CFD method finds high application in the research of new, previously unused
aerodynamic elements of automobile bodies. By creating a virtual geometry of the car, it
is possible to apply any geometric change and observe the behavior and changes in the
airflow around the modified part. By applying the knowledge of airflow, the  geometry of
the element can be modified and optimized in incremental steps to its most optimal
shape. The physical prototype, tested in a wind tunnel to confirm the results obtained
virtually, is then geometrically the closest to the final solution intended for app roval for
series production, thanks to the optimisation by CFD.

2.1 Principle of the CFD method

The computational methods contained in the CFD solvers are based on the laws of
conservation of mass, conservation of momentum and conservation of energy. The Na-
vier-Stokes equations describing the flow of an incompressible Newtonian fluid are
based on these laws. The description of the flow is a system of nonlinear partial differen-
tial equations of 2nd order. CFD methods only solve these equations to an approximation
- the equations are simplified in various ways in terms of physical phenomena. Exact
solutions of the Navier -Stokes equations (NSE) exist only for special cases, and only a few
are relevant for automotive engineering. Thus, only simplified versions o f the NSE for
which a numerical solution is possible and feasible are used in automotive aerodynamics
development. [4]

Examples of simplifications include: neglected viscous effects, non-rotating flow or
time averaging of flow quantities in the flow field . All of these NSE simplifications ide-
alize the physics and move away from the actual natural conditions.

The second category of simplification is mathematical in origin, introduced by the way
selected equations are solved. In principle, the differential equations describing the con-
tinuum are discretized together with specific boundary conditions (i.e., they are applied
to small but finite volumes in the computational domain). These simplifications are made
in the interest of speeding up the computation bu t to the extent that the relevance of the
result is maintained. The accuracy of the CFD method can be adjusted individually de-
pending on the desired result. CFD simulation options provide the specification of ac-
curate boundary conditions for a particular w ind tunnel, including models of the support
systems for accurate ride simulation [5].
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2.2 Steps of the CFD method

The main steps of CAE computational methods are pre-processing, processing and
post-processing. In the context of passenger vehicle aerodynames research, the CFD
method according to [5] can be more specifically described as follows.

Pre-processing involves processing the imported data, discretizing the computa-
tional domain, and setting boundary conditions. The flow medium is partitioned by the
finite element method into a finite number of elements in a three -dimensional space, each
with its associated local and global coordinates. It is essential to adjust the size of the grid
elements, especially if the research case is at gertain scale compared to the real size of
the car. In automotive development, methods of densifying the mesh in areas of high
significance - e.g. front A-pillar, brake disc area for more accurate analysis of flow in
these areas- are well established. The refinement strategies are varied, one of which is
shown in Figure 2.

Figure 2 Pre-processing . varied discretization of the flow regions, distributed from the coarsest (1)
to the finest (3) in the boundary layer closest to the vehicle body [4]

Processing involves solving the numerical equations for each of the discretized el-
ements using the finite element method. Pressure fields, velocity vectors, transport
equations and momentum equations are calculated by converting partial di fferential
equations into systems of linear equations. Several iterations are performed and the goal
is to reach a certain region of convergence of the result of each quantity, from which the
final results are determined by the chosen method.

Post-processing involves detailed analysis and visualization of the results of indi-
vidual variables. The analysis is performed by means of visualisation tools that graph-
ically plot the individual aerodynamic forces and moments as dimensionless coefficients
distributed over the vehicle surface geometry under investigation. They are depicted by a
colour scale and by plotting three -dimensional shapes to visualise the vortices. [4, 5]

3. An example of using the CFD method in the design of a new aerodynamic element

The demonstration of the use of the CFD method in this paper is the design of a
node optimization in the A -pillar region of a passenger car. At this point, the airflow
splitting and subsequent coupling occurs, resulting in the formation of the A pillar vor-
tex, in which the energy losses of the flow medium and the contribution of the increase of
the air drag coefficient 2, which is one of the main data characterizing the aerodynamic
quality of the vehicle. It is a dimensionless coefficient which is calculated according to the
relation:

%L M
where:
(v, is the force acting against the movement of the vehicle,
é is the density of the following medium (air)
R is speed of the vehicle
A is the projection of the frontal surface area contentof the vehicles.
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As shown in Figure 3, the airflow on the A -pillar splits into two directions - along
the side of the vehicle body, over the vehicle body (blue-green). Their separation and
subsequent merging in the area above te first side glass causes turbulent flow (red). The
A-pillar vortex discussed above is formed here.

Figure 3 Airflow distribution (blue -green) over and along the side of the body, formation of
A-pillar vortex (red)

3.1.Thesolution proposal

In this step, the design objective is to achieve the elimination of the A-pillar vortex,
or the separation of the air streams over and along the side of the body. This achieves
airflow close to the body with the potential to reduce flow e nergy losses. The proposed
solution with the expected result is shown in Figure 4.

Figure 4 Expected change in airflow (green-blue) due to the application of an aerodynamic element
(purple)

3.2. Car selection and element geometryation

For the purpose of the research of the experimental aerodynamic element, a car
from the D-SUV category - Skoda Kodiaq (2021) was selected. The rationale for the selec-
tion is the increasing popularity of the SUV segment, which does not achieve the aero-
dynamic qualities of passenger cars precisely because of their size. The choice of the
i""eS1YZ U EeZ1l' el z0ee e’ Ze 1Ll Z1ETT™Z5Se’"—1 e’ 18717
AUTO, a.s. on this experiment.

An aerodynamic element was proposed that would no t structurally interfere with
the original car, being glued to the body of the car. This is a spoiler that contains a space-
a channel between the original A-pillar and the proposed geometry, where the airflow
will be directed along the side of the body along the side windows .

The geometry was created in the professional non-parametric 3D modelling CAD
(Computer Aided Design) software ICEM Surf for the creation of A -class quality surface
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data. These are surfaces defined by design and technology requiremerts with controlled
light incidence. The proposed geometry is shown in Figure 5.

Figure 5 Proposed spoiler glued to the A-pillar of the vehicle - left witho ut spoiler, right with
spoiler

3.3. CFD analysis

The proposed geometry was modified for the purpose of CFD simulation using
ANSA software. The full geometry preparation is understood as the creation of a com-
plete surface model of the car including the internal functional openings, with the output
being the geometry for meshing by the CFD tool. [4,9]

The STAR CCM+ software tool was selected for the CFD analysis. It automatically
defines the surface and volume mesh based on the input geometry. The aim is to set the
ideal number of grid cells for a sufficiently accurate description of the investigated areas.
If necessary, an automatic surface correction is also performed by the software, which
corrects the generated surface mesh by either ignoring or modifying the edges of the in-
dividual elements. [9, 1Q

Figure 6 Volumetric network of the flowing medium in the cross -section of the X0 plane created by
the software CFD tool STAR CCM+

The numerical method used was the Reynolds Averaged Navier-Stokes (RANS)
method of modelling stationary turbulent f low, which is a reduced form of the general
Navier -Stokes equations. The StatCCM+ program [2] offers several turbulent models
based on the Boussinesq hypothesis. The SpalarAllmaras model in two variants is used
as a representative of the singleequation models. In the field of two -equation models,
variants of the k-Epsilon :GF Y, k-Omega :GF fi; Elliptic Blending and V2F :GF Y:
models figure. [11]

The CFD simulation of the vehicle aerodynamics is performed with constant airflow
and no crosswind. The driving simulation was set to a speed of 140 km/h, wheel rotation
modulus and tire deformation with bulging at the bottom of the tire due to contact with
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the road were used. The calculation process is completed by settling the convergence of
the force effects in the specified range. Postprocessing involves the generation of a set of
images with colour maps representing the pressure fields according to the calculated
simulation equations under the specified boundary conditions.

4. Discussion

The effect of the spoiler on the flow and the formation of the A -pillar vortex can be
observed in the post-processing images generated by the STAR CCM+ software. Selected
analysis figures 7-9 have been used for the discussion, which show the effect on the
change in the A-pillar flow. On the left are images of the studied body without the ex-
perimental spoiler, on the right using the spoiler

Figure 7 Vortex visualisation using ISO surfaces plotted against the total pressure coefficient

Figure 8 Vortex visualisation using ISO surfaces plotted by the Q criteria method with a colour map

of the velocities of the individual parts of the vortices - isometric view

Figure 9 Vortex visualisation using ISO surfaces plotted by the Q criteria method with a colour map

of the velocities of the individual parts of the vortices - view from the left side of the vehicle

123



Novus Scientia 2023

By comparison in Figure 7, the elimination of the main A -column vortex and its
splitting can be observed, which can be considered as a benefit. The negative effect is the
formation of smaller vortices in different regions that slow down the airflow. This can be
better observed in the comparative figures 8 and 9 plotted using the Q-criterion [12],
where the orange coloration of the end of the vortex over the rear window of the
modified vehicle demonstrates the loss of flow velocity. The separation of the A -pillar
vortex from the body is beneficial, but the goal is to eliminate it completely, which the
preparation of this spoiler variant did not achieve.

Table 1. Influence of the spoiler on the aerodynamic coefficient of drag.

Without spoiler With spoiler
2 0,3171 0,3218
&2, - +0,0047

1 Data obtained from internal CCX post -processing tools.
As shown in Table 1, there was an increase of 4.7 aerodynamic points for the

comparison basedon the air drag coefficient 72, This change can also be observed in the
differential plot in Figure 10.

Figure 10 Difference plot of air resistance coefficient %, - comparison of the basic version (black on

the graph) with the modified version (green)

5. Conclusions

The proposed new aerodynamic element of the vehicle A-pillar spoiler verified by
CFD method met the expectations in terms of A-pillar vortex mitigation. The concomitant
effect of the expected aerodynamic improvement is the reduction of the air drag coeffi-
cient 2, In this case, the flow at the rear of the vehicle is disturbed, the excitation area of
the mirror and the drift behind the vehicle is increased, which increases the air drag co-
efficient 2, It is therefore necessary to modify the geometry by further analysis to elim-
inate the A-pillar vortex, reduce the drift behind the vehicle and reduce the air drag co-
efficient 2,
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Abstract: Industry 5.0 is an effort to address the human impacts of the fourth Industrial Revolution.
It starts from the belief that businesses want to do more than just maximize profit and provides
pathways for integrating social and environmental concerns into tec hnological innovation. This ar-
ticle is dedicated to the theoretical definition of the topic of the fifth industrial revolution. It de-
scribes the differences between the last two industrial revolutions and defines three basic elements
that are crucial for Industry 5.0. In the end, the scientific output is devoted to the description of
specific ways in which simulation can help in the transition to Industry 5.0 and at the very end a
summary, the challenges and requirements that Industry 5.0 brings.

Keywords: Industry 5.0, Human -Centricity, Sustainability, Resilience

1. Introduction

The manufacturing industry has been going through its fourth major transition since
artisans gave way to workshops and factories. The first of these revolutions was mecha-
nization and the use of steam power, which later succeeded by the adoption of electricity.

‘Z—1ES-Z1E " —™7e75’£Se’" —31S—ele”eS¢1e'Se @lcZ-physte ee”
ical systems and advanced analytics, otherwise known as Industry 4.0.

Industry 5.0 howev er is not a typical succession to 4.0. Neither is it a marketing term
conceived by an overworked advertising agency. Industry 5.0 refers to the human side of
4.0 and seeks to address the issues raised by 4.0 adoption. Industry 5.0 is a framework for
re-imagining the future of energy, manufacturing, mobility, and supply chains that build
upon and complement the meaningful groundwork paved by the vision of Industry 4.0.

Industry 5.0 uses collaborative robots and artificial intelligence to bring a human
touch to the concept of digital transformation. Promoted by the European commission
and other governmental bodies, Industry 5.0 emphasizes a triple-bottom-line of eco-
nomic, environmental, and societal impact, bringing ESG (Environment, Social and Gov-
ernance) perspective and balance to what have often been technologyled and economic-
driven choices [1].

2. Understanding Industry 5.0

Industry 4.0 -- a phenomenon since the industrial revolution . deals with the integra-
tion of innovation and new technologies into the manufacturing production process.
Though Industry 4.0 has delivered industrial automation and other significant positive
impacts, it sometimes has replaced humans in the workflow process. Industry 5.0 seeks to
correct that imbalance, using the conceptsof cognitive computing, cyber -phyisical sys-
tems, and artificial intelligence to ensure humans have a role in the digital transformation
that is continuing to evolve.
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Industry 4.0 is a technological revolution that will have far -reaching human impacts.
In manufacturing, increasing automation means that many many workers may get dis-
placed, not only on the factory floor but in administrative and even professional functions.
Meanwhile, very little has been done to address some of the biggest challenges facing
manufacturers, like where to find the next generation of workers, how to move towards a
circular economy, and how to become more resilient in the face of unexpected change and
supply chain disruption. Championed by the European Union, Industry 5.0 is an ef fort to
address the human impacts of the fourth Industrial Revolution. It starts from the belief
that businesses want to do more than just maximize profit and provides pathways for
integrating social and environmental concerns into technological innovation [2].

00572’ ®@-1™eS¢@1S1™Ssel’—1e¢'d1cZe1+"Z>Antereist Yorid S 1 ce e
people want to work for socially aware organizations and people want to buy from com-
panies that behave responsibly. So, by adopting Industry 5.0 principles, organizations
wish to safeguard their futures. One of Industry 5.0 challenges is to make processes more
human-centric. Part of the motivation is to mitigate the concerns and resistance to auto-
mation from labor unions and politicians concerned that Industry 4.0 , in theory, could
create crises of technological unemployment. From the start of the cycle of innovation
during the industrial revolution, the goal of manufacturers has been to enable technolo-
gies that would make the production process more efficient. Fro m a practical perspective,
this benchmark has been achieved . highly automated processes can deliver highly con-
sistent and repeatable outputs. But this does not address the need to provide increasingly
customized or personalized products (as customer expedations become increasingly so-
phisticated). Human -machine collaboration is the key to unlocking these benefits [3].

3. Elements of Industry 5.0

Perhaps the most important distinction of Industry 5.0 is the reintroduction of the
human element into the manuf acturing process. In one sense, the human element brings
the soul back to manufacturing by enabling collaborative production . the imagination
and flexibility of the human worker becomeempowered and advanced with the ability to
harness cyberphysical systems like collaborative robots (or cobots). The combination of
smart machines, cognitive computing, cloud computing, and savvy humans will allow for
3221 -S®Eel™Z500 —Se’£Se"— 1S —e1-"571—"—<eZ1™5"e7Ee""—

3.1.Human-Centricity

Industry 5.0 seeks to restore a humancentric approach to business that some would
say was lacking with an Industry 4.0 approach. The symbiosis of humans and machines
is essential to creating more jobs, leveraging productivity and efficiency, and attractin g
and retaining talent. Particularly to technology-centred organizations, human capital is
the most strategic asset and businesses will need to accommodate the growing cohort of
Gen- 1S—e1 'eeZ——"See 1E'S—e'—el—77+®il ">1¢"7coninittsZ—7
ment to environmental and social factors becomes increasingly important in their choice
of employer, and this may include a commitment to community initiatives, flex working
arrangements, and the cultivation of historically underrepresented minoriti es in leader-
ship roles. The human-centric vision also critically involves re -thinking how workers and
machines collaborate. Traditionally static manufacturing processes can be updated with
digital twins, and new collaborative robotics (cobots) with line wo rkers empowered to
exercise greater flexibility in production. A healthy and happy workforce with opportu-
nities for creative personal and professional advancement is likely to create lasting value
for the business[4].

This proposes that workers be viewed as investments and not costs. Thus, rather than
seeking to drive down labor costs, manufacturers should look at how to maximize the
return from their employees. This leads to the view that processes should be adapted to
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suit workers, and workers should be given the tools to help them do their jobs better.
Some of the key components that support the human-centric approach are:

X Exoskeletons
Augmented reality
Virtual reality
Wearables
Cobots
Analytics
Furthermore, to maximize the benefits of these new technologies, which include
higher productivity, less waste, and lower accidents, workers should be included in their
eZ@'e—1S—eleZ™e"¢ -7 —0il 01 ™S>el1 ele’ @AL' @172 ZY7Z"1
skilling and reskilling [5].

X X X X X

3.2 Sustainability

Industry 5.0 seeks to create a manufacturing environment that is both sustainable
and resilient, while also being human -centric. With the growing regulatory and investor
emphasis on reducing carbon emissions and environmental impact, businesses need to
evaluate their resource footprint that supports their manufacturing process. This may in-
volve analyzing the source of raw materials, the proportion of waste generated, along
with an evaluation of the environmental impact, the energy efficiency of processes, as well
as the sources of energy.

Businesses want to reduce their environmental impact by using alternative energy
sources to minimize their footprint. At the same time, it is important to lower the opera-
tional costs but also attract young talents. Businessesare realizing that it is the right thing
to do and they are adding sustainability plans to their strategy. One reason is to lower
TMZ5Se — el E" LI« CL1IEZee —e15 7@ ZH>EZLIE —®Z-™e' " —1S—.
employees and younger recruits wantt ~10eZZil1 —+1S1+*'>¢1>ZS®"—1'0el+‘Se:
to do. Many firms have committed to specific reductions of fossil fuels and clean energy
generation sources. Additionally, the adoption of new materials and composites (away
from petroleum -based for instance) can reduce environmental impact while increasing
smart manufacturing practices, such as recycling and repurposing materials, to achieve
objectives for socio-ecological sustainability [6].

Industry 5.0 addresses how manufacturers and others can movetowards a circular
economy where recycling is integral to production and consumption. With an emphasis
on this, plus re-use and repurposing, Industry 5.0 encourages adopting artificial intelli-
gence (Al) and additive manufacturing to avoid resource depleti on and environmental
degradation [7].

3.3Resilience

In the Industry 4.0 paradigm, businesses have been forced to cope with increased
7—(EZ>2S —+'2Z0@1S—+1SeS™ele"1E"™Z1 '¢+'1E‘S—+Zil ‘Se @1
for companies looking to balance —S—1S—¢1-SE" —Zi1l ¢« 01’ =™ "5eS o1’
engage in planning exercises that account for potential disruptions across the value chain,
from the factory floor to the supplier network, to transportation channels, to regulatory
and geopolitical changes that can promote the achievement of societal goals.

Digital technologies and methodologies (simulations and Al -enhanced modeling)
can help identify optimal alternative paths in the event of a disruption, weighing different
factors such as cost, substition, quality, and logistical concerns into the mix. Start with
identifying the greatest points of vulnerability (whether in process or supply chain), iso-
late the key inputs, and then formulate contingency planning for any disruptions [8].

Some tools ard capabilities that will play a part in this are:

x Deployment of modular factories
x New materials (and the ability to transition seamlessly between sources)
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x Remotely operated factories

X Reaktime risk monitoring

x Enhanced cybersecurity

Any perception that Indu stry 5.0, (and also Industry 4.0,) is only for deep-pocketed

global manufacturers is incorrect. Small and medium enterprises (SMES) are just as ca-
pable of adopting these new technologies and perspectives as their larger brethren, and
perhaps more so[9]. For many of the trends and technologies discussed above, implemen-
tation is as dependent on open minds and a willingness to change as on financial re-
sources, and these are areas where SMEs often excg].

4. Industry 5.0 Transition Support

Factories and manufacturing processes are becoming smarter, and competitors never
e ™1 e " 01751 S—1 ZeoZi 1 ¢S’ —@ele’®@1<SE”e>"7—2d1" ¢ ¢
keep changing and improving, but also to do it faster and to avoid mistakes.

Manufacturing simulation plays a key role in all three elements of Industry 5.0. By
modeling existing or proposed manufacturing systems, it provides a socalled VY’'>¢72Se1
®S—ec"j 1e'Sel 7 —2SZINE]MEE3Se' " —17e1'e7S0e1S—+1SeitiZa—Ss’
deeper understanding of complex operations and relationships, to identify potential prob-
lems or conflicts, and to identify opportunities and solve current problems [10]. Specific
ways in which simulation supports an Industry 5.0 transition include:

x Creation of digital twins
Virtual commissioning
Modeling supply chain disruptions
Travel avoidance
Risk-free experimentation
Upskilling
A digital twin is a complete and accurate representation of part or all of the produc-
tion process. Most importantly, by co nnecting it to sensors installed on the physical sys-
tem, it maintains fidelity to real - ">ee¢l1 E"—e¢’¢'"— il '¢‘le¢"’dl’s el M
changes and the impact of disruptions and come up with alternative production sched-
ules. It also helps with debugging problems and can avoid the need for technicians to
travel to work sites or factories. Virtual commissioning uses a digital twin to accelerate
the implementation of new equipment and processes [11].

X X X X X

5. Conclusions

The essential Industry 5.0 strategy is designed to ensure a framework for industry
that combines competitiveness and sustainability, allowing industry to realize its poten-
tial as one of the pillars of transformation. It is a strategy focused on emphasizing the
impact of alternative modes of (t echnology) governance for sustainability and resilience.
An effective Industry 5.0 strategy empowers workers using digital devices, endorsing a
human-centric approach to technology; builds transition pathways towards environmen-
tally sustainable uses of technology; expands the remit of corporation's responsibility to
their whole value chains; and, finally, introduces indicators that show, for each industrial
ecosystem, the progress achieved on the path to weltbeing, resilience, and overall sus-
tainability.

Preparing for Industry 5.0 is not inconsequential, but there are multiple forces array-
ing to compel businesses to adopt the core principles of human-centricity, resilience, and
®Z@eS ' —Sc’e’eCil o @1eS>1cZesZ>171eS"Z 121" ™ Ttatherihan ¢ 1e"
react to an unanticipated shock to the system. Beyond better, cheaper, and faster, the tech-
nology -enhanced mantra Industry 5.0 promises to lead the next generation into a balance
of decisions that support smarter, cleaner, and more resilient industries. Realizing the up-
dated vision for Industry 5.0 will require new economic priorities to measure industry
performance, new structure and design of business models, value chains and supply
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chains, updated objectives for digital transformation, inno vative approaches to policy-
making that better align the interests with business and industry, new ways to drive in-
novation and research capabilities, while better aligning the interests of businesses with
broader society, government, and environment. The lessons learned from the pandemic
underscore the compelling need to build resilience across value chains while securing jobs
and economic security.
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Abstract: The article describes the complete methodology and process of printing filament produc-
tion as well as the description of the basic parameters of the machine. The medically certified PPSU
material in the form of granules was used to produce filaments that a re used for additive manufac-
turing. Filament maker equipment (Precision series) and dryer from 3Devo (Netherlands) were used
for the production of filaments. Cytotoxicity tests in vitro were subsequently performed on the pro-
duced filament - a test on extracts. 6 samples for 100 and 75 percent media were used for evaluation.
The benefit of the work was the creation of a usable filament with a deviation of 1.75 +-0.1mm, which
is sufficient for use in 3D printing. The cytotoxicity test proved that the specific material is not cyto-
toxic, as there was no decrease in metabolic activity below 70 percent.

Keywords: polyphenylsulfone ; cytotoxicity ; extrusion; filament

1. Introduction

When it comes to new biomaterials and biomedical devices, thermoplastic and ther-
moset polymers represent a suitable choice mainly due to their mechanical behavior,
chemical stability and physicochemical versatility. Whether considering the fields of re-
search or industry, the successful use of plastics has been reported in a variety of biomed-
ical applications, including the coating of medical devices, the fabrication of novel bio-
medical devices, selective and accurate detection and diagnostics, specific drug, and per-
sonalized engineering. The attractive and adaptable properties associated with thermo-
plastic polymers have gained impressive attention and enable the assembly of specialty
compounds for modern biomedical applications. In certain cases, some mateials can also
be used in the field of regenerative engineering [1,2]. In the case of biomedical polymers,
the current challenge is to adjust the mixing and processing procedures to make adequate
use of their characteristic properties and to manage the presnce of any residual material
that contains toxic potential. During the last decades, several experimental techniques
have been tested and selected for the development of biomedical materials and devices
based on plastics (injection molding, electrospinnin g, extrusion, and others).

Among the most widely used additive manufacturing technologies is an extrusion -
based process in which a filament of thermoplastic material is liquefied and extruded
through a nozzle to create a three-dimensional object in a layer-by-layer fashion. One of
the challenges of this technology is the limited availability of materials [1,3].

When choosing a polymer material for biomedical applications, it must meet specific
mechanical conditions such as strength, impact resistance or siffness. There are some
thermoplastics that have suitable mechanical properties over a wide range of tempera-
tures, such as PC, PEEK, PPSU and nylonAmong biomaterials, PPSU is considered di-
mensionally stable because it has uniform shrinkage and deformation over wide temper-
ature ranges, allowing it to maintain tight tolerances in close abutment with bone struc-
ture [4].
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The main challenge in using synthetic polymers for biomedical applications is almost
always the lack of biocompatibility, which is often ass ociated with inflammatory reac-
tions. In direct connection with the aspects of surface contact, biocompatibility is an es-
sential element in the field of biomaterials. Biocompatibility has been officially defined as

©'71Scee¢17¢1S1-S<7>'S . hpprbpliatelhdst'respense in a specific applica-
tion. This broad definition includes the term "bioactivity", where the material produces a
desired effect in living tissue, and thus the opposite of inertness [5]. We can also include
a cytotoxicity test among the basic biocompatibility tests.

The cytotoxicity test is an economical method with the advantages of a relatively
simple test method, high repeatability, accurate result, and extensive evaluation as a result
of standardization. Different cell lines are used for cytotoxicity assessment in accordance
with the target application [6,7].

2. Materials and Methods

The granulate material used in the production of filaments: PPSU (Grade: Radel R-
5000NT), from the manufacturer Solvay. Based on information from the manufacturer,
this material offers hydrolytic stability, toughness and excellent thermal coverage. The
material transformation process was carried out on equipment from the manufacturer
3Devo (Netherlands).

2.1. Granulate priparation

The material was delivered in the form of granules, protected from moisture and
light by opaque vacuum packaging. Nevertheless, the materials were subjected to a dry-
ing process in aDryer from 3Devo (Figure 1b). The drying of the granulate was carried
“7201Se1S1e7-™75S¢75217e1WVVC 1S—eleSeeZele"51Y1 " 25@il *
the material during the drying process, while evenly distributing the heat emitted by the
dryer. The drying process was chosenfor the purpose of eliminating moisture in the ma-
terials.

Figure 1. (a) PPSU material in form of granulate; (b) Dryer .3Devo; (c) extrusion process

2.2. Extrusion process

Extrusion was performed on a filament maker (Precision series)(Figure 1c). The de-
vice was placed in a room with air conditioning to maintain a constant temperature . The
¢Z-™758e757201 —1Seele™ 751728’ —elc e'Z@1 ele'Z1s «SeA —o1-
perature was chosen based on knowledge of the melting point of the PPSU material. To
achieve such a high temperature, we needed transit materials, because few materials can
withstand such a wide temperature range (15-ZVVC 1i11Y1le>S—ce’¢1-8+7Z>'Sece1
X  HDPE