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Research on ultrafine particles in the environment and their
impact on humans
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Abstract: The paper deals with the problem of ultrafine particles (UFP) in the environment. Selected
methods of UFP measurement in the working environment, their basic principles, but also UFP
properties and factors that influence on UFP are presented. The article points out the possible toxic
effects of exposure to UFP on the human body. The authors present the conducted experiment fo-
cused on the research of emitted UFP emission’s during the process of vacuuming with a vacuum
cleaner with a wet (water tank bag) and dry (paper bag) filter. The results of the experiment demon-
strated that a vacuum cleaner with a water filter emits significantly less UFP into the environment,
especially in the initial phase of vacuuming. The issue UFP is intensively dealt with by the EU,
several legislative documents are being prepared in the subject area.

Keywords: environment; aerosols; measurement; particles; filtration

1. Introduction

Pollutants, which are made up of particles, vary in size and composition according
to the sources of contamination. Fine particles (PM 25) and ultrafine particles (PM o.1) are
part of normal human life. In the past, they occurred mainly in natural form and came, for
example, from volcanic eruptions. With the development of human society, their origin
and concentration began to change. People began to use fine and ultrafine particles in
several industrial areas, such as in the glass industry, construction and the like. In recent
times, there has been a rapid development of nanotechnologies and their application in
industry, medicine, engineering, energy, etc. [1,2,3]. On the other hand, it is necessary to
realize that nanoparticles and ultrafine particles have a very negative effect on the human
body and thus also on the health of workers who are exposed to these particles for a long
time. Therefore, it is important to determine the safety and health risks related to the de-
velopment of nanotechnology [4,5].

The collective of authors [6] presents five critical measures that should decisively in-
fluence the responsible development of nanotechnologies. These include:

e identification and monitoring of dangerous particles in the workplace,
e  assessment of exposure and reporting of potential danger to workers,
e manage risks for health and safety at work and

e tosupport the safe development of nanotechnologies.

Figure.l shows the primary sources of emissions, which can be natural or of anthro-
pogenic origin.

Novus Scientia 2024 -9- http://www sjf.tuke.sk/NovusScientia/index.html
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Figure 1. Potential sources of emissions (emissions) of ultrafine particles [3]

In technical practice, dust particles are defined as those particles which, after a short
acceleration, reach a steady fall velocity of less than 300 cm.s (at a pressure of 760 torr
and a temperature of 20 °C). The fall speed of the dust particle depends on the specific
weight and shape (lamellar, fibrous, corpuscular) [3].

Solid and liquid particles of natural origin include:

e  cosmic dust

. dust from meteorites,

e inorganic dust from volcanic activity carried by the wind,
. ash and soot from forest fires,

e organic dust,

) water mist aerosol.

Solid and liquid particles of anthropogenic origin include:

e dust as a by-product of processing activities,

e  dust originating from the transport of raw materials, transport and transport ma-
chines,

e of worn machine parts (brake lining, corrosion products),

e  combustion products — soot and ash,

e  aerosols from combustion or industrial processes.[2]

Solid particles are defined on the basis of their physical and chemical properties and
dimensional parameters, they are subject to high variability in terms of properties, con-
centration levels and composition, which vary depending on the season, climate, space
and source, while in technical practice it is often they refer to solid particles dispersed in
the environment as dust, which was created by grinding, crushing, abrasion, etc. These
particles are divided according to aerodynamic diameters and thus are classified as coarse
(2.5—10 pum), fine (0.1 —2.5 um) and ultrafine (< 0.1 um). A more detailed specification is
given in table 1 below [4].

-10 -
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Table 1. Description of solid particles [4]

Title Size [um] | Emergence A more accurate
description
Thick smoke | 0,10-1,00 | oxidation processes, condensation of e.g. welding smoke,

substances evaporated under heat metal melting
Fine smoke 0,01-0,50 | incomplete combustion they mostly contain
carbon
Fine ash 1,00-100 | escape from combustion devices a product of coal
combustion
Aerosdle 0,01-1.00 | chemical reactions of water vapor and | a mixture of fine solid
gases particles and gas

The shape of solid particles in the air is mostly irregular and the size also varies.
These parameters significantly affect the rate of settling of particles in a gravitational, cen-
trifugal or electrostatic field.

According to the shape, there are 3 basic types of dust particles, as follows:

e  Isometric - they have approximately the same size in all directions, their size is often
approximated by a sphere or a cube.

e  Laminar (flat) - two of the three dimensions are significantly larger. Their shape can
be compared to a plate.

e  Fibrillar (fibrous) — one dimension is significantly larger than the others. These par-
ticles have the shape of fibers, needles [5].

The shape of the particles depends mainly on the method of their formation. The
ideal shape of a particle is a sphere. This shape is created by the condensation and solidi-
fication of a few substances. If they are formed during mechanical operations, they have
amuch more complex shape. The particles that are created in the combustion process have
cavities of different sizes [4]. The size of the particles is defined according to their size -
the diameter of the particle and is given in pum. The Ferret diameter is determined as the
largest dimension of a particle in a given direction. Ultrafine particles are PM (particulate
mass) with an aerodynamic diameter of less than 0.1 pum. UFPs (ultra-fine particles) are
typically described in terms of surface area per particle, weight or number of particles (PN
- particular number), or the concentration of one of them per volume. [3]

Figure 2 shows the main properties of ultrafine particles (UFP) and the factors that
influence them. The size of the particle can also be determined by the diameter of the
(graticular) circle, the surface of which is as close as possible to the surface of the particle's
projection (Figure 3). These dimensions are determined using a microscope [6]. Examples
of particles captured on the air filter of a vacuum cleaner are shown in Figure 4.

[ Size |[ surface area |

Morphology Nanoparticle Agglomeration

Pollution sources Crystallinity Propgmes Porosity
= Natural '.' = Roughness Toxicity
= Anthropogenic Chemical UFPs *
c ition Hydrophobicity
—~ Hydrophilicity
Electr gneti

Meteorological factors Orography

= Wind direction and speed = Land relief

= Temperature differential Environmental = Geomorphology

= Relative humidity conditions = Topography
Precipitation = Vegetation

= Solar radiation

Physicochemical processes

= Chemical transformation

= Physical transformation
Biological transformation

Figure 2. Properties of ultrafine particles and factors affecting them
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a b

a — Feret's diameter, b — graticule circle [4]
Figure 3. Particle dimensions
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Figure 4. Particles on the air filter [6]

2. Methodology of dust measurement in the working environment

The development of a suitable methodology for measuring fine particles (FP) and
ultrafine particles (UFP) is very demanding. The health effect of these particles is deter-
mined by their several properties, not only by their concentration. Unlike particles with
larger dimensions, the level of sedimentation of UF (ultra-fine) and UFP in the air due to
gravity is very low or negligible [5], [6].

Current related legislation: SR Government Regulation 355/2006 on the protection of
employees from risks related to exposure to chemical factors at work and SR Government
Regulation 121/2024 on the protection of employees from risks related to exposure to car-
cinogenic and mutagenic factors. This government regulations establishes requirements
to protect employees from risks related to exposure to chemical factors at work and to
prevent these risks, it applies to all activities in which employees are or may be exposed
to chemical factors at work.

The employer must monitor dangerous chemical substances, and if they are present
in the workplace, he must:

1. qualify any risk arising from these factors,

2. request additional health information necessary to assess any risk from suppliers or
other available sources.

Figure 5 summarizes the main effect and mechanisms of toxicity associated with UFP
exposure.

Among the related mechanisms with exposure to UFP ultrafine particles and their
components (BC — bio composites, metals, ions, organic compounds, etc.), oxidative stress
can lead to inflammatory processes and cardiovascular diseases, carcinogenicity, epige-
netics, genotoxicity, mutagenicity, neurotoxicity and even teratogenicity [3].

-12-
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Currently, many methods of measuring the concentration of dust in the air are lead-
ing: [6]
e  gravimetric method of measuring dust concentration in the environment,

e  optical measurement method — transmission principle of dust concentration meas-
urement,

e  optical measurement method — measurement of dust concentration based on light
scattering,

e method based on the triboelectric phenomenon and others.

Cooe Cardiovascular
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Metals '.U.F.P.;’ pAHs [Mhalation _ Diseases  Neurotoxicity
.

.
lons ‘j“"."“" BC
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. Translocation

] § Oxidative
///‘\ \ \\ A (S \ Oxidative

\gTh i\< || N (o ‘ A
\) % «‘/ ( 3\ /L T ‘0

\/‘) Carcinogenicity  Mutagenicity | Teratogenicity

418} U}) R;splratory — = -

Figure 5. Toxicological effects of exposure to UFP [3]

Figure 6 presents a general diagram of the operation of typical methodologies used
to measure UFP. In the CPC (Condensation Particle Counting) methodology, the particles
are initially enlarged by condensation vapors until the size is determined and then
counted as they pass through the laser beam. Particle detection is performed by optical
methods [8].
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Figure 6. Principles of operation of selected methodologies used for measurement and cap-

ture and UFP [3]

Other types of equipment used are UFP monitors, laser aerosol spectrometer (LAS)
with optical detection, and instruments manufactured by GRIMM Aerosol Technik Ain-
ring GmbH & Co.KG, which include combinations of DMPS (Differential mobility particle
sizer) or SMPS (scanning mobility particle sizer) systems. , DMS (differential mobility
spectrometers) and CPC (condensation particle counter) for measuring particles (5 — 1110
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nm), low-pressure electric impactors (ELPI - Low-pressure electric impactors), aerody-
namic.

Mass concentration, defined as the mass of dust particles in a unit volume of gas (i.e.
in units of mg/m? or pg/m?), or in some cases number concentration, is most often used to
quantify the amount of dust in the environment.

3. Experimental example

In addition to measuring aerosol emissions outdoors, it is very important to measure
and control emissions indoors, not only in the work environment, but also in homes. An
example is the measurement of aerosols during vacuuming (Figure 7 and Figure 9) and
while smoking (Figure 8).

Figure 7. Vacuum cleaner using a paper bag  Figure 8. Experiments with cigarette
smoke

Figure 9. Vacuum cleaner using a water tank bag

Results from the experiment - 2 types of commercial vacuum cleaner:
e  general vacuum cleaner,
e  water tank to collect the dust — manufacturer claims the vacuum cleaner purifies the
air in the meantime.

Experiments:
e nominal indoor air after 20 min. of ventilation,
e experiment with vacuum cleaner using a paper bag,
e open the windows for 20 min - ventilation,
e experiments with vacuum cleaner using a water tank bag,
e open the windows for 20 min. — ventilation,
e experiments with cigarette smoke,
e purified air measured after two hours.

-14 -
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Figure 10. Results of measurements of two types of vacuum cleaners (wet and dry vacu-
uming method)

We found that the total number concentration and size distribution varied based on
the type of vacuum cleaner used. The vacuum cleaner using a paper bag show one dom-
inant peak at 13 nm, vacuum cleaner using a water tank show a bimodal shape and main
peaks at 19 and 87 nm. We observed the total number concentration during experiments
with a vacuum cleaner using a paper bag was four times higher than the number con-
centration of a vacuum cleaner using a water thank.

5. Conclusions

Findings reported in various literatures highlight the importance of continuing to
conduct studies on UFPs as they are related to various human health conditions that con-
tribute to the worldwide increase in morbidity and mortality. Among the problems iden-
tified are respiratory problems such as asthma and chronic obstructive pulmonary dis-
ease, pulmonary fibrosis, neuro-degenerative diseases, cardiovascular diseases, and car-
cinogenic activity. However, there are several mechanisms for measuring and controlling
atmospheric UFP, it is necessary to continue studying the various effects of particulate
matter in order to obtain sufficient evidence that leads to the creation of new public poli-
cies and measures for effective pollution prevention and control. [8]

An example was an experiment where two portable devices for measuring the size
of particles, NanoScan SMPS and OPS were used to determine the size and concentration
of particulate emissions generated in households by vacuuming. During the measure-
ments, it was observed that the total number of concentrations during experiments with
a vacuum cleaner using a paper bag was four times higher than the numerical concentra-
tion of a vacuum cleaner using a water tank. The conclusion follows that some types of
vacuum cleaners increase the concentration of nanometer and ultrafine particles in the
indoor environment. However, more experiments will be needed to analyze this effect
and its cause in more detail.

Over the past decades, the occurrence of nanoparticles, ultrafine particles and micro-
metric particles has increased significantly, mainly due to the increase in transport, the
use of nanotechnologies in industry, pharmaceuticals, medicine and research.

With our contribution, we wanted to point out the possible occurrence of particles in
nano and micro dimensions in workplaces and living spaces. It is important to reduce the
risk of exposure to the lowest possible level.

The analyzes showed that it is important in the field of public health to continue con-
ducting research in the field of exposure to nanoparticles in the workplace or in the envi-
ronmental environment and to obtain information about their occurrence.
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Abstract: This scientific study brings significant results in the field of material testing. The problems
consisted in the production of filament based on PLA/PHB with the help of innovative single-screw
extrusion on the filament maker device. The entire production process was optimized using a con-
structed laminar box, thanks to which we optimized the production conditions. Also we can say
that this scientific work deals with the production of a medically certified filament based on
PLA/PHB and its testing using non-destructive tests on a metrotome device. The goal of this effec-
tive non-destructive scanning on a metrotome from Carl Zeiss was to detect various sample defects
that cannot be detected by ordinary aspect. These defects have an impact on the resulting values of
the samples for determining the mechanical properties. The porosity of the samples, the internal
structure and the quality of the layers were monitored. Individual aspects were evaluated using
VGStudio MAX software. A total of 40 different PLA/PHB samples were evaluated after and before
mechanical testing, where up to 80 scans had to be evaluated. The results in this study yield signif-
icant findings that have implications for future research in the field.

Keywords: Polymer testing, materials, extrusion, filament, polymers, PLA, PHB

1. Introduction

Biomedical filaments must meet standards and standards of hygiene, quality and
safety in order to be applied in the field of tissue engineering and regenerative medicine.
The ISO 14644-7:2015 (ISO 7) standard specifies the classification of air cleanliness and
minimum requirements for the design and construction of laboratories intended for pro-
duction. Laboratories according to the ISO 7 standard are certified according to EU GMP
C. These laboratories are used for production processing and work with materials for the
preparation of solutions where filtration is required. Furthermore, the ISO 13485:2016
standard is used in the production of medical devices. This standard includes require-
ments for sterile properties and principles that must be met by production and handling
facilities. The standard includes all quality standards adopted by the European Union [1].
The key factor for the long-term and reliable effect of the implant is the correct choice of
biomaterial. The biological environment will not accept any material. Therefore, in order
to optimize biological efficiency, implants should be selected in such a way as to reduce
the negative biological response while maintaining adequate function. To ensure the the-
rapeutic effectiveness of the implant, control of the parameters is essential, while it is ne-
cessary to take into account three main factors: structure, mechanical and biological pro-
perties. With this in mind, manufacturing parameters must be optimized to ensure maxi-
mum mechanical functionality. The use of polymers in biomedical applications is very
attractive, especially in soft tissue applications, because polymers have the potential to
induce an appropriate host tissue response. The concepts of polymer blending or polymer
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composites have been introduced to overcome the shortcomings of using a single polymer
[2,3]. By mixing polymers, implants made of two or more polymers can provide better
properties resembling human bone tissue. Implants intended for replacement are used for
a variety of medical abnormalities, from heart valves, vascular grafts and stents in cardi-
ology to bone and joint replacements [4,5]. The basic mechanical requirements of implants
include: modulus of elasticity, tensile, compressive and shear strength, yield strength, fa-
tigue strength, hardness and toughness. Non-destructive metrotome testing of samples
from the given materials approximates the structure at the macroscopic level [6,7].

2. Extrusion of medically certified filament

The advantage of single-screw extruders is their simplicity of construction, but they
are more likely to become clogged with material than twin-screw extruders [8,9]. Further-
more, the single-screw extruder is the most common type of extruder and offers relatively
low investment costs for companies dealing with the extrusion of materials intended for
biodegradable purposes [10]. If higher production and higher performance are required,
twin-screw extruders are used. The easiest way to increase the throughput of the extruder
is to increase the speed of the screw. This easy solution usually results in poor melt quality
caused by exceeding the melting capacity of the screw design and degradation caused by
high melt temperature. Using a smaller diameter screw can offer several advantages to
achieve higher throughput at a higher screw speed. One of the important advantages of a
smaller diameter extruder is better heat transfer characteristics. Higher output at higher
screw speed can be achieved by using a smaller diameter extruder. This offers better heat
transfer characteristics. A well-designed, developed screw design improves product qual-
ity and reduces the time needed to design and optimize the extrusion process, resulting
in lower costs. The goal was a filament based on PLA/PHB. The production process itself
took place on equipment from the 3devo company. Filament maker Composer 450 is a
device for the production of filaments, on which it is possible to mix several materials.
Production took place in an air-conditioned room at a temperature of 18°C, in sterile la-
boratory conditions. Using HDPE transit material, we cleaned the device before the actual
extrusion. The cleaning process of the device itself took several hours and is necessary for
the optimal course of filament extrusion. We then poured the medical granulate into the
extruder hopper. During the production of the first medical filament, we set the melting
temperature in the temperature range of 160°C to 180°C at 100% fan power (Figure 1). We
achieved these temperatures by combining knowledge about the melting temperature of
PLA/PHB materials. After the filament flow stabilized, we placed the extruded fiber in a
sensor that measured the diameter of the filament. Following and optimizing all produc-
tion parameters, the filament was wound into a coil.

Figure 1. Extrusion setting parameters.

2.2. Optimization of laboratory conditions during filament extrusion

When extruding filaments, we optimized the working environment by using a lami-
nar box based on the technical drawing (Figure 2). This laminar box was developed at the
Department of Biomedical Engineering and Measurement at the Technical University. The
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compact laminar box system, made of components designed specifically for this type of
laminar box, is characterized by the fact that its construction is designed for an extrusion
system meeting the requirements of filament production (Figure 3). The laminar box is
prepared for the installation of additional elements related to the optimization of the pro-
duction process, and its design allows the configuration and change of preparations in-
tended for the production process of biomedical filaments.
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Figure.2. Technical specifications in of laminar box.

3. Evaluation of non-destructive tests on a Carl Zeiss metrotome

Non-contact non-destructive measurement on a Carl Zeiss metrotome (Figure 4) was
performed on PLA/PHB material samples before the tensile test and after the tensile test.
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Figure.4. Taking samples in a metrotome.

The goal of this effective non-destructive scanning on a metrotome from Carl Zeiss
was to detect various sample defects that cannot be detected by ordinary aspect. These
defects have an impact on the resulting values of the samples for determining the mechan-
ical properties. The porosity of the samples, the internal structure and the quality of the
layers were monitored. Individual aspects were evaluated using VGStudio MAX soft-
ware. A total of 40 different PLA/PHB samples were evaluated after and before mechani-
cal testing, where up to 80 scans had to be evaluated. The total porosity of the samples
gives us more accurate values, where sample no. 18 from PLA/PHB material had the larg-
est value of 3.71%. When examining individual layers of sample no. 18 from the PLA/PHB
material showed layering defects that cannot be detected with the naked eye (Figure 5).
This defect can affect the resulting ROI and mechanical testing results.

Figure.5. Layering errors of sample No. 18.
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Sample No. 18 made of PLA/PHB material broke (Figure 6) in the place of interest
marked before testing due to high porosity (3.71%) and the occurrence of a defect, which
can be seen in (Figure 7) in cross section of the tested sample.

Scene coordinate system
43139 mm

Figure.6. Cross section of sample no. 18 from PLA.

Figure.7. Sample No. 18 from PLA material after tensile test.

5. Conclusion

This scientific study stands out for its specificity in the given issue. It is therefore
more difficult to discuss hypotheses and the starting points of other studies. At the begin-
ning of the research, it is necessary to be aware of the components of the material. In our
case, it was biodegradable materials such as PLA/PHB/THERMOPLASTIC STARCH
AND PLASTICIZER. At the beginning of the study, the characteristics of the individual
components of PLA/PHB mixtures should be mentioned. The study, which dealt with the
composition and miscibility of the mentioned components, is based on the fact that PLA

-21-



Novus Scientia 2024

is the most used biopolymer in the field of application when determining places with low
pressure on the human body. The study addressed several strategies to improve the prop-
erties of PLA to expand its applications. Melt mixing approaches are gaining considerable
interest because they are simple, cost-effective, and readily available. Also, as our findings
suggest, (PHB) is a good candidate for blending with PLA. The ability of PHB to act as a
nucleating agent for PLA improves its mechanical resistance. In order to improve the pro-
cessing of PLA/PHB and obtain deformable materials, plasticizers are often added. Cur-
rent trends to increase the miscibility of PLA-PHB are focused on the development of
composites and nanocomposites. On the basis of this knowledge, the theoretical findings
of the mentioned studies can be continued and the achieved mechanical as well as biolog-
ical properties of PLA/PHB components, published in this work, can be brought closer
together.
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Abstract: Electric automobiles gained popularity in recent years, and it reflected in increased inter-
est in the research of electric motors which are used as their propulsion. This paper presents a short
review on electric and electromagnetic properties affecting energy losses generated during electric
motor work cycle. Conclusion contains recommended variations of these properties for minimali-
zation of energy losses.
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1. Introduction

Electric motors are devices used to convert electrical energy into motion. Over the
years of automotive development, a lot of electromotors found their place in the design of
automobiles and today we can find dozens of them inside their construction. They were
used for applications which increased the comfort of automobiles and added additional
features while the propulsion was solved through the use of a combustion engine [1,2].

This is changing today as increasing ecological awareness is forcing the industry to
find alternative solutions to decrease current emissions of automobiles produced mostly
by their combustion engine. A lot of people see electric motors as solution to this problem
either by completely replacing the combustion engine with electric motor or by using both
electric motor and combustion engine in the form of a hybrid car. These electric motors
produce rotational movement out of electric energy which can be acquired from renewa-
ble sources to decrease overall emissions which improves its impact on the environment
[1,2].

Basic parts of every electric motor are its stator and rotor. In the case of the typical
rotational motor, stator is its stationary part while the rotor is its rotating part that is
placed inside of the magnetic field. The basic part of the rotor and stator is their iron core,
which is made by the separate laminations connected into integral shape which is called
a stack. These laminations are made out of electrical steel with its characteristic properties
many of which help in reducing of iron core energy losses [3,4].

2. Analysis of the iron core loss

Iron core loss is term describing energy losses in electric motor laminations which
are generated during its demagnetization and magnetization work cycle.

Two most significant types of iron core losses are eddy currents and hysteresis effect

[5].
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2.1. Eddy currents

Eddy currents are currents induced inside of conductive iron core exposed to the
changing magnetic field. These constantly circulating eddy currents are encountering
resistance of the material, transforming the electrical energy into heat. Another negative
characteristic of the eddy current is that they can generate their own magnetic field
which can interact in negative way with main magnetic field and decrease the
performance of electromotor [5,6].

Laminations are greatly helping with the issue of eddy currents by separating the core
into isolated parts that allows us to control and isolate them into smaller loops reducing
the overall energy losses [5,6].

Main properties that affect eddy currents in laminations are electrical resistance and
magnetical permeability [7].

|1

Figure 1. Ilustration of eddy currents in full and laminated material [8].
2.2. Hysteresis effect

When external magnetic field affects material, the magnetic domains within the material
align with affecting magnetic field leading to magnetization of the material. When the
magnetic field is reversed, the domains retain residual magnetization and don’t return
fully into their original random state. To overcome this residual magnetization during
the reversing of the external magnetic field we need to expend energy which is
decreasing the performance of the electric motor. The electric energy is transformed into
heat during this process [9,10].

Laminations are decreasing the hysteresis losses by separating the core into isolated
sections that are specifically constructed to concentrate the magnetic flux into smaller
paths, which helps us to minimize hysteresis losses while increasing our control over the
magnetization and demagnetization process [9,10].

Main properties that affect Hysteresis effect in laminations are coercivity, saturation flux
density and magnetic permeability [9,10].

2.3. Magnetostrictive hysteresis losses
Magnetostriction and hysteresis are related effect, and it is property of a material de-
fined as mechanical deformation under the influence of the changing external magnetic

field. This effect is reversible by removing the object from the changing magnetic field
[11].
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Simplified, magnetostriction in laminations occurs within magnetic material with crystal
lattices. Groups of ions and electrons organize themselves into domains and their un-
paired electrons align under the influence of their small magnetic moments. Because of
energetic reasons, these domains are small. However, under the influence of an external
magnetic field, domains aligned with magnetic field increase while others reduce. Based
on the orientation of crystal, some of the orbitals of electrons are not able to align with
external magnetic field because of distances between electrons and ions. These distances
need to grow for orbitals to get aligned with magnetic field. These changes result in
elongation of crystal lattice in the direction of magnetic field, or they can be elongated in
different directions in right angles to the magnetic field. In some cases, there may be
even contraction [11].

Magnetostriction can create iron core losses by mechanical deformations which can lead
to internal friction, stress, and vibrations [11,12].

3. Results

Analyzation of iron core losses determined which properties influence these energy
losses the most, but these properties need to be analyzed further to determine how exactly
are they positively impacting the performance of electric motor.

3.1. Magnetic permeability

Magnetic permeability (p) is property defining its capacity for passage of magnetic flux
lines , which define ability of the material to be magnetizied under the influence of the
magnetic field. Magnetic permeability unit of measuremenet is — H/m [13].

There are two basic types of magnetic permeability:

- Absolute magnetic permeability (u) — It is the ratio of magnetic flux saturation
(B) to the strength of the magnetic field (H), expressed by the formula p=B/H .

- Relative magnetic permeability () — It is ratio of absolute magnetic
permeability (u) of the material to the permeability of vacuum (), expressed
by the formula pr= p/po [13].

Based on the permeability we can separate materials into three categories:

- Paramagnetic materials — Their magnetic permeability is slightly positive. Their
magnetic moments tend to align with magnetic field resulting in weak
atraction.

- Diamagnetic materials — Their magnetic permeability is slightly negative. Their
magnetic moments are negative to the magnetic field resulting in weak
repulsion.

- Ferromagnetic materials — Their magnetic permeability is greatly positive and

they can be strongly magnetizied. Their magnetic moments easily align with
magnetic field and they have strong atraction to it [13].
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3.2. Saturation flux density

Saturation flux density (Bs) is closely tied to magnetic permeability. It is a property that
defines the maximal capacity of magnetic flux within material that can be proportion-
ately received as response to increasing magnetic field. A material that reaches satura-
tion no longer increase magnetic flux density proportionately to the increasing magnetic
field [14].

3.3. Electrical Resistance

Electrical resistance (R) is material characteristic defining how much is a material oppos-
ing the flow of electrical current, just like friction oppose movement in mechanical sys-
tems. Electrical resistance is opposite of electrical conductivity [15].

Ohm law - Voltage (V) = Current (I) x Resistance (R) (Q2) [15].
3.4. Coercivity

Coercivity (Hc) is a property measuring material resistance to demagnetization under
the influence of the external magnetic field. It is an intensity of external magnetic field
(H) required for demagnetization of material after we put it in fully flux saturated state
[16,17].

There are three types of coercivity:

- Normal coercivity (Hen) — Intensity of magnetic field required to reduce the
magnetic flux (B) to 0.

- Intrinsic coercivity (Ha) — Intensity of magnetic field required to reduce the
magnetization (M) of material to 0.

- Remanence coercivity (Hcr) — Intensity of magnetic field required to reduce the
remanence magnetization to 0. This means that after removing material from
external magnetic field both magnetic flux and magnetization stays at 0 [16,17].

4. Discussion

After careful analysis of the iron core losses and main properties influencing them, I
came upon these conclusions:

High magnetic permeability is allowing magnetic flux to pass through material more
easily improving our control over magnetic flux line concentrating them within lamina-
tions, reducing the generation of the eddy currents and minimizing the hysteresis losses.
It is also improving our control over the magnetization and demagnetization process
which happens on smaller hysteresis loop. This in turn help with decreasing hysteresis
losses [7,9,10,13]. Therefore, rotor and stator application require high magnetic permea-
bility.

High saturation flux density allows a material to receive larger magnetic flux which
in combination with permeability leads to improved magnetization and demagnetization
cycles resulting in a smaller hysteresis loop. This in turn help with decreasing hysteresis
losses [9,10,14]. Therefore, rotor and stator application require high saturation flux den-
sity.

High electrical resistance of material opposes flow of eddy currents in laminations
decreasing the iron core losses and improving the performance of electric motor. There-
fore, rotor and stator application require high electrical resistance [7,15].
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Low coercivity materials have an advantage in optimizing the effectiveness of the
electric motor because demagnetization and magnetization cycles of laminations need less
energy. This allows for smaller hysteresis loop which in turn reduce the hysteresis loss
[9,10,16]. Therefore, rotor and stator application require low coercivity of the materials.

While right choice of materials in consideration to these properties may greatly im-
prove the performance of the electric motor, they themselves are still strongly affected by
technology which is used in manufacturing of laminations. Most common technology
used for production of laminations is shear cutting which can affect these properties be-
cause of plastic and elastic deformations produced during this process and disruptions of
the crystal lattice of the material. These deformations lead to residual stress of the cutting
segment which is induced next to the cutting segment. A lot of research has been done in
this area and residual stress around the cutting area is still highly topical subject of re-
search [18,19,20].
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Abstract: The article deals with the methodology of distance measurement using an ultrasonic sen-
sor. Verification of the sensor is very important, because the principle of measurement is based on
the time-of-flight principle, which is sensitive to the temperature and humidity of the environment
through which the ultrasonic wave propagates. Determining the measurement uncertainty is an
integral part of expressing the measurement result, while talking about the reliability of the meas-

urement result.

Keywords: ultrasonic; measurement; uncertainty, deviation

1. Introduction

Distance measurement is a measured quantity quite often, and a non-contact method
of measurement is frequently required to determine the distance if the measured object or
sensor carrier is moving or there is another obstacle that does not allow the use of contact
distance sensors. Of the non-contact forms of measurement, optical, radar, capacitive or
ultrasonic principles are often used. For longer distances, it is cost-effective to use the ul-
trasonic principle.

Ultrasonic distance sensors are designed for non-contact distance measurement and
these types consist of transmitter and receiver or transceiver which is able to transmit and
to receive ultrasonic sound (Fig. 1). The main idea is to measure the travel time of the
ultrasonic sound wave from the sensor to the detected object. The ultrasonic transmitter
sends a sound frequency of above 18 kHz in the air at the speed of 344 meter per second
(at 20°C) and the receiver receives the reflected sound from the object. Distance between
the transmitter and the object can be calculated by simple calculation by considering the
time taken by the ultrasonic wave to travel from transmitter and received back (reflected)
by the receiver. Measurement range is up to several meters.

The ultrasonic principle of the sensor can reliably detect transparent materials and
materials with different color, roughness and surface gloss. However, the disadvantage
of sensors based on the principle of ultrasound is the sensitivity to the environment in
which the ultrasound propagates. The speed of ultrasound propagation depends on the
density of the material or medium through which it propagates, on temperature and hu-
midity if it is a gaseous environment.

In order to measure the distance, it is necessary to determine the time of the ultra-
sound path, and this can be a problem when a fast measurement is required, because the
speed of sound is much smaller compared to the speed of light. If quick measurements
are needed and this measurement is followed by quick action, then the use of this sensor
should be considered.

Low cost ultrasonic sensors and more expensive sensors for industrial use, which
already have a higher ingress protection level, are available for distance measurement.
Industrial ultrasonic sensors with a higher ingress protection level can therefore also be
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used in environments with high humidity and dust and in environments with the pres-
ence of aggressive substances and with the presence of smoke and fog. However, the re-
liability of these sensors needs to be verified.

Ultrasonic
sensor

Microcontroller

Detected
object

I+l
ol

Time to fly .
measurement Measured distance

Ultrasonic
sensor

Microcontroller

Transmitted wave

)

Received wave

= Detected
'] ‘ object
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Figure 1. Principle of ultrasonic distance sensor.

2. Experimental verification of distance sensor

Ultrasonic distance sensor with analogue output 0 — 10V has been selected for testing.
The sensor uses 300 kHz sound frequency. Measurement range is from 120 mm up to
1000 mm and it has linear characteristic. Repeat accuracy is #0.15% and resolution is
0.037 mm.

Next step is to examine properties of the sensor. Experimental stand (Fig. 2) has been
designed for testing and set of length gauges (Fig. 2) have been used for sensor testing.

Figure 2. Experimental testing of sensor and length gauges.

Gauge lengths — blocks (Fig. 2) have been used as etalon of length and desired value
of length or distance has been composed from these blocks. Two sets of gauges have been
used for testing and it is possible to compose every possible etalon of length with resolu-
tion 0.001 mm in range 0 to 1000 mm.

Some materials are not suitable for distance measurement. Vibration absorbents may
cause problems with measurement. For this reason, testing of distance with this material
has been executed.

-29-



Novus Scientia 2024

Experimental testing has been executed with solid and soft (vibration absorbent) ma-
terial. Results from these experiments are visible in Fig. 3.
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Figure 3. Verification of ultrasonic distance sensor on various material of detected object.

As it is visible (Fig. 3), the sensor has linear characteristic with dead zone, it means
that it is not able to measure distances less than 120 mm. Total measurement range is up
to 700 mm and after this value sensor has constant value of output voltage. There is also
visible difference (change of slope of the characteristic) between the measurement realized
with solid material and soft compliant material.

Calibration characteristic from the measurement to solid obstacle is shown in Fig. 4.
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Figure 4. Measurement result of ultrasonic sensor — calibration characteristic.

Math model obtained from regression of calibration characteristic define the equation
(Fig. 4), which can be used for recalculation of measured output sensor voltage to re-
quested information about position measurement. For practical usage of the sensor, it is
necessary to analyze the uncertainty of measurement.
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3. Determination of the standard uncertainty of measurement

By determining the measurement uncertainty, we are trying to determine the degree
of trustworthiness of the obtained measurement value. The measurement value should
always be presented together with the measurement uncertainty. The reliability of the de-
termination of the measurement value can have a serious impact on the functionality of
the device or even on the safety of using the device. Therefore, the goal is to determine or
estimate the uncertainty of the measurement under all circumstances.

Calibration characteristic (Fig. 4) is made for set of values (xi - sensor output voltage,
yi — distance of detected object). The calibration curve is approximated with linear model
Yy =ho + b1 - X, where regression coefficients also have uncertainty of determination ex-

pressed with equations:

n
Uz(bl) = o

n n 2
Ny x? —(Z Xi j M
i=1 i=1

Covariance between these regression coefficients estimation is defined with equa-
tion:

0'2. (2)

U2(b0) =

o ©®)
anf —[inj

i=1

Ubo,ir = cov(b0,bl) =

Where o is standard deviation of distance (y:) it is possible to estimate with resid-
ual variance:

1 n
Oase =——= > [Wi — (b1 - xi +bo)]. (4)
n-243

For general math model described with polynomial of p degree
y=bo +b1-Xx+b-x? +...+by -x? overall standard uncertainty is defined as:

_ P
Uy = > X us + (O] j- X! -byj)?-ui +

i=0 i

Pl p )
+2- Z ZXJXkUbj,bk
=0 k=j+1
For our linear model equation (5) can be simplified:
Uy = (UZ + X2 -U) +br-uf +2(X- Ubops). (6)

Standard uncertainty (Fig. 5) is obtained by applying the equation (6) for measure-
ment chain with ultrasonic distance sensor. These values represent collected uncertainty
for all parts of measuring chain (ultrasonic sensor, multimeter, length gauges, positioning
table etc.)
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Figure 5. Standard uncertainty of measurement using the ultrasonic sensor.

Larger value of uncertainty occurs because it is out of the useful range of the sensor.
All other uncertainties are less than 1 mm. Consequently, standard uncertainty depends
also on more factors (not only on sensor).

4. Conclusions

Extended uncertainty of ultrasonic sensor measurement is less than 1.5 mm. How-
ever, this value is extreme and occurs only at a distance of 40 mm. This value is probably
related to the minimum value of the distance that the sensor is probably capable of meas-
uring, so we can exclude this value from the set of measurements and the measurement
range will be limited by this value. In this case, the extended uncertainty is less than 1 mm
when considering the uniform law of distribution of measured values with probability P
=0.95. In further research, the influence of environmental parameters on the measurement
uncertainty of this sensor will be investigated.
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Abstract: This article focuses on the design and testing of pressure and air flow measurement sys-
tems. Verification of measurement principles and sensor testing is an important part of engineering
practice. This article discusses the principles of air flow measurement as well as methods of testing
measuring apparatus for air pressure measurements in a given system. This procedure can be used
for further testing and measuring in the future.
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1. Introduction

Measuring fluid parameters in industry is an essential part of the production process.
Whether it is pneumatic and hydraulic machines, air quality in the workplace or lubricant
and coolant parameters. These measurements are very necessary not only in mechanical
engineering but also in the food, aerospace, medical, chemical and agricultural industries.
This article focuses on the measurement of air parameters intended for pulmonary venti-
lation, which has been quite sought after and needed for the past years.

2. Air parameters

Most commonly measured air parameters are: temperature, pressure, humidity, ox-
ygen concentration, air quality and the content of pollutants and unwanted gases in the
air. Depending on the application, only selected parameters necessary for the task are
measured. In the case of pulmonary ventilation, the 3 main parameters to be monitored
are: pressure, flow rate and humidity. Specialized measuring instruments are used for
sensing the individual parameters, but some measuring instruments can measure multi-
ple parameters at the same time. Such instruments tend to be relatively expensive, and
some professional instruments are unavailable to the general public. Therefore, there is a
need for a simpler and more cost-effective way to measure the required parameters. In
engineering practice, stationary measuring instruments that are mounted on an existing
system and perform a continuous measurement of a given section, for example a pipeline,
are most used. Such instruments are varied not only in design but also in quality, availa-
bility and price. High quality and accurate measuring instruments are usually not availa-
ble to the general public as they are specialized instruments for industry. For the purpose
of simple but effective pulmonary ventilation this is unacceptable as the necessary sensors
must be as cheap and accessible as possible in case of failure and need for replacement.
The second most used group of measuring devices are portable measuring devices. Port-
able instruments are advantageous because of their weight, size and the possibility of
measuring several parameters with one instrument. These instruments are mainly used
for fault inspection.
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In the end, the best decision was to use MEMS sensors, which are essentially minia-
turized measuring units. Such a unit contains 3 main components: a measuring sensor, a
communication interface and a data processing unit [1]. The output data is sent using SPI
and I2C communication protocols depending on the module in question. Such measure-
ment modules are relatively small, inexpensive, affordable, easy to operate and to process
data from. For data processing, microcontrollers such as Arduino or Raspberry Pi are
used, which can receive the signal from the sensors and thus visualize the data from them
or further process it according to the need of the task. Most MEMS modules have built-in
sensors that can measure not just 1 parameter but several at once. An example of such a
sensor is the BME680 from Bosch, which can measure not only pressure but also humidity
and air temperature, and in addition can detect organic substances with carbon in the air

[2].

3. Air pressure measurement

Pressure measurement can be approached in several ways, for example with a bel-
lows manometer, an aneroid manometer, a resistance strain gauge or a piezoelectric
pressure sensor. These sensors work on the principle of air acting on the measuring
mechanism, which deforms and thus changes its physical properties. Based on this
change, the amount of pressure applied to the measuring instrument can be determined
with a high degree of accuracy. These gauges are mounted on an existing pipeline or
other fluid distribution system and measure the fluid parameters continuously. How-
ever, robust mechanical measuring devices are unsuitable for use in this type of lung
ventilation as, apart from their size and weight, they do not provide data in a suitable
manner. Therefore, it is more appropriate to use MEMS sensors that can be easily ap-
plied to the existing air distribution system. Also, data collection is simple and fast. An-
other advantage is the I2C and SPI communication itself. These communication proto-
c