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Abstract

The rheocasting method is known as one of the techniques ofsBidhimetal (SSM). It is
conducted between the states of solidus and liquidus in which-dematnitic microstructure is
created, and in a liquid matrix, it produces solid spheradithis paper reports a Charpy Impact
test which shows the Effect of Heat on the Charpy Impact toughness of the casting and th
rheocasting for aluminum alloy EN AW 6082. The test samples are subjected to Charpy impac
tests at different temperatures (6, 20,100;25,and4 0) AC and compared t
with rheocasting samples. Also, the Brinell hardness test was conducted on Aluminum EN AW
6082 and Rheocasting alloy samples at room temperature. According to ASTM standards, th
scanning electm microscope (SEM) fracture obtained result; it can be noticed that the
microstructure of the rheocasting sample changed more due to the work results.

The present work shows significant toughness increases for rheocasting aluminum alloy EN AV
6082 compared with casting aluminum alloy EN AW 6082 in all different temperatures. The
value of rheocasting alloy toughness increased three or more times comitareakting alloy
toughness. Besides, measuring the lateral dimensions of the alloy toughness after the te
supported the toughness results, the variation of an explosive edge in the Charpy impact test f
casting, and rheocasting samples at differempieratures compared to the edges in casting
aluminum alloys. All Charpy impact tests for rheocasting samples test have higher measurin
edge values than casting samples test, especially in high temperatures. The effect of the typic
Brinell hardness tegor rheocasting samples suggests an improvement in hardness from 95 to
125 HB.

Keywords: SemiSolid, Rheocastingaluminum alloy EN AW 6082Toughness; Impact test
Charpy test, SEM test, hardness.test

1 Introduction

In an impact test, impact energy reféo the total amount of energy used. A given specimen
that fractures after being tested below a high strain rate or quick loading state absxdbehergy.
The Chapy test is the most popular typ&impact test, and it is used in the laboratory targify
impact energy1-2]. The overall area under the strassin curve is reflected in the energy value.
Furthermore, research on the link between fracture characteristics and microstructure
hypereutectic AMg-Si alloy castingss included in thigest.It consequently leads to a reduction in
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the resistance to crack initiation, raising the accuracy of the impact values and underlining the effe
of microstructure. The current work benefited from Charpy unnotched samplgs [3

Using an internal éat absorber technique, the rheocasting process presents a method
manufacture more caosfffective components with the practice of neatshape for various
aluminum alloys. The rheocasting process seems possible through better process controkeduring
slurry formation [5].

The Charpy test, similarly identified as the Charpwafch test, is an identical high stramte
test that determines the value of energy absorbed by an alloy through the fracture. The value
absorbed energy was me as ughaabsaondperiormgnces asma toohtt
study temperaturecliant on ductilebrittle change [16,17]. Charpy impact tests were conducted at
all temperatures on the cast and rheocasting samples using a VEB machine along with a pendu
having obtainable energyf 50 J. The samples havenstch with standard dimensions (10 mm x
10 mm x 55 mm) were used [9].

2 Metal and Methodology

The chemical compositions of the alloy used in this work are given in Table 1. The aluminum
siliconrmagnesium alloy grade (Al SilMg Mn} typically used for intricate and thimalled
castings of high strength demand. The functioning of the rheocasting process to produce slurries
the alloys mentioned above is described in detail in [6,10].

Table 1.The chemical composition of Aluminum EN AV8ZAalloys.
wit% Al Mg Si Cr Fe Mn Cu Ti Zn
EN AW 6082 Bal. 06 073 | 0.25 0.5 0.4 0.1 0.1 0.2

This type of alloy has medium strength and excellent corrosion resistance. In plate form, E
AW 6082 alloy is generally utilized for machini@-8]. The mostcommon uses are scaffolding
elements, rail coach pieces, offshore projects, containers, mdmfilding, and mobile cras.The
alloy EN AW-6082 shows good resistance to dynamic loading conditions in the aforementione
applicdions. The resistance is aittuted to its finegrained structure. Besides this all®&N AW-

6082 is an expert for marine applicatiod$-fL9]. In the practical alloy EN AW 6082, aluminum
alloys contents of Si and Mg range between25wt% as showin Figure 1, generally bgi/Mg
ratio of more than one7{17]

G50
SO0

—— 12455
- R

ol +Si

550

femperafure, T,['C]

500

aso aAHSIHMg-SI

400 3 1 T 1 ¥ 1
(o] b= “4 [=] £=3 10 12 14
silicon content, Cs;, [wWit-26]

Figure 1.The phase diagram of Aluminum magnesium silicon alloys. [7]

2.1 Semi Solid Rheocasting Method

The raw material for Ser$olid Rheocasting (SSR) is obtained directly from ingot operations,
with no intermediary solidification phase. The molten metal, slightly over the liquidus temperatur
in Figure 2, is poured into a steel mold and then treatedthgtihheocasting process to generate a

10
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globular microstructure [2].

Figure 2.Melting Aluminum magnesium silicon alloys in the mold inside the furnace and The
mold for the impact the samples.

The steel moldvas specifically designed for this test. In this tesbqess,in an alloy with a
SemiSolid temperature, the molten metal is held above the liquidus temperature for a short tin
while the alloy rotates (low temperaturé)sing the steel rod in rotating motion, Sesalid State
interactswith the liquid-solid alloy, and a temperature incline exists amid the melt and théThe.
melt on the rod's surface partially solidifies as a result of this. The nuclei are formed an
subsequently thrown into the malue tothe rotating motion of the rod at alloy SeB8ulid
temperature, producing a globular microstructure of tiny gidifid].

Figure 3.a. illustrations schematically a phase diagram and typical of an alloy compositio
suitable for SSM rheocasting processes. The EN AW 6082 alloy composition must prove that
results in a wide solidification interval. As well as, the process temperature (slurry temperatur
must be close to the eutectic knee point temperature in liquid fraction vs. temperature curve, sho
in Figure 3. b. On two sides of the knee point, a rnmgdnl change happens in the sensitivity of
solid fraction (dfs/dT) with temperature [11,14]. The reason for this is to obtain a slurry stable at tt
working temperature, where the solid fraction sensitivity is as minor as possible when th
temperature ragttions. That helps stabilize the solid fraction, as the amount of heat needed to fort
the eutectic phase is large [12,15].

100 180

Liquid Solid | s 40

fraction]

40 80
o T H o,
2 Liquid alloy casling — = 60 — f\ &0 £
4 sofidification ranga E o 50%. g
é 58P - solicification £ Ful LM
\ range o0\ — 1| 3
& T = 5

Pracassing 30

tenperature 20 1} 20

Solid T T, )

positior -
[*of allay a 0
processed 500 5200 540 560 at:) 00 820
Temperature, °C

Composition

(@) (b)

Figure 3.(a) Typical solidification range and processing temperature for SSM rheocasting, (b)
Thermal analysis showing the maximum heat fb@curs at the eutectic temperature. [15]

Furthermore, the alloy composition, rotating the alloy in seotid temperature, and the effects
of the microstructure define the final alloy properties through numerous parameters, for exampl
intermetallic fomation, alloying elements in solid solution and their result on solidification in
rheocasting processes, microstructure as well as the morphology of particles and their effect
fluidity. The consequences of adding alloying elements can be predictechigaring them as
impurities or a solid solution. These have a crucial role in influencing the alloy thermal conductivit

11
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and reducing this value intensely as the mean free path of electrons decreased significantly [1
Since the unique metallurgical aspeof SSM casting, selecting an appropriate alloy composition
must be complete so that all of these factors appropriately interact in the final product.

Both brittle and ductile fractures are archived in impact testing based on scanning electre
microscoly data [2021]. Before fracture, therewvas no visible plastic deformation in the brittle
fracture. Furthermore, brittle fractures have less energy absorption and occur at high speeds, whe
ductile fractures have more plastic deformation before bredk@feBecause of the absorption of
a substantial amount of energy before fracture, extensive plasticity causes distorted grains arot
the crack to propagate slowg1-20].

3 Result and Discussion

3.1 Charpy Impact Test

The Charpy Mest piece was used in our tests. The impact tests were performed at ambie
temperature as well as at 100, 40, 2528,-40,and1 00 AC. War ming to the
performed by rapid heating; the piece was put in contactamtiiuminum plate preheated to the
test temperature. This test uses a specimen that has dimensions of 10x10x55 mm. A notck
machined into the specimen. Thendtch design is specified in ASTM E £&7].

Rheocasting and casting aluminum alloys EN AW 6082 tdl tested during the seven
laboratory sections in which 14 specimens for each of these alloys (28 specimens in total) are stuc
at seven temperatures. The temperatures selected for the two types of alloys are 100, 45,25, 0,
and-4 0 AC.

The climatic chambers for thermal shock testing are used to subject samples to simple shoc
by causing them to go from a high to a ltemperature area abruptly and repeatedly. It also seeks
to classify faulty componentsd tho® linked to infant mortality (malp in the electronics sector).

For a significant number of cycles, the samples are placed within a portable basket that transpc
them from the cold to the hot compartment and vice versa. These chambers feature two or more
compartments, and the sam$ quickly passed from one to the other (usually within 10 seconds).

The temperature of the test compartments and the testing methods depend on the requirem
of the standard, which defines the specific cycle to be performed.

Using temperature ACS comagt test chambers, it consists of several categories with various
capacities and applications, and it is also obtainable to accommodate a variety of specimen siz
Our test chambers can simulate a wide range of temperature conditions4f@m t o 10
(customized available, for example, constant extreme cold and®specimens are moved to the
Charpy testing machine easily, shattered, and assessed by theahep@eyy. The fracture surfaces
are inspected at the root of the notch for signs of shedeavage failure and lateral expansion after
failure.

Figure4 represents the variation of the energy of the value absorbed in casting and rheocasti
samplesat different temperaturemmpared to the energy absorbed in casting aluminum alloys. For
enegy absorbed in both aluminum al | &)tssshowed s t
variation from 44 to 118oules. At a temperature 4f0 A C, it is i ncdodesals ed
the casting alloy sample, the third temperature, such astroermp e r a t thertoaghress Aaliie
was 3oules when the toughness value increased in the rheocasting ss98@deles. The energy
absorbed continually increases at low temperaturesngtdrom (0,-25, and-4 0) AC s ho
respetive casting dby samples of 26, 22, and J8ules but the toughness uas in rheocasting
samples are 82,80, and Jéules. Consequently, all Charpy Impact test rheocasting samples hav
high energy values due to the ro@ndritic microstructure of this alloy.

12
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Charpy test energy Absorbed (J)
o 8 & 3 8

B Energy Absorbed (J) For As cast 18 22 26 39 41 44
W Energy Absorbed (1) For
Rheocasting

Figure 4.The errgy of the value is absorbed in casting and rheocasting samples at different
temperatures.

3.2 Measuring the effectof Charpy Impact Test in the samples

Figure 5 illustrates the Lateral expansion of-@ast and rheocasting Specimens at room
temperatures. Measuring the cregstion of the square edge by using a digital vernier tool helps to
find the effect of impact tests in the samples. The measuring-seotisn of edges changes from
onesample to another. These changes depend on the type of alloy and variation of temperatt
Moreover measuringhe crosssection of any square edges changes following the impagcutesh
depends on the force acting on thecsmens.

The lateral expansion is measured:
aav=wfi wi Q)
wherewf is the final lateral dimensigandwi is the initial lateral dimension.

Figure 5.a. Lateral expansion of asast specimen in 2&, b. Lateral expansion of rheocasting
specimen in 2%

3.3 Measurelateral dimensions after impact Test

The Charpy impact test sample has a square -sext®on area, asluistrated in Figure 6. A
specimen with dimensions of 10 x 10 x 55 mm is used in this test. A notch is cut into the specim
that measures 2 mm in total length. ASTM E 23, type A, specifiea@tdh designBefore applying
loads, the edge square dimensi®if10 x10) mm 3]. The edge dimension changed after finishing
the test. It means that the measuring of the edge square dimension chandbd chigimgein the
type of alloy and the temperature conditiofhe results of the impact test show that shear
characterizes a smooth surface. Cleavage and brittleness describgyraified fracture surface.
Failures come in many shapes and sizes (part shear and part cleavage). It's generally a brittle frac
or cleavage if there's no plastic deformation after the fracture. In an impact test, lateral expansi
determines the degree of plastic deformation. The thickening of the specimen during fracture
known as lateral expansion

13
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X1

Y1

Figure 6.The standard square crosecton area of the Charpy impact test.

Figure7 illustratesthe variation of a lateral dimensions edge in the Charpy impact test in castin
and rheocasting samples at a different temperature compared to the edges in casting alumir
alloys. For measuringedgesn t wo al umi num all oys (casting
the edges showed variation from (9.94, 10.14, 9.87, 10.05) mm to (9.42, 11.74, 9.44, 9.4) mm.
maximum in rheocasting sample value in the edge (X2) increased to (11.47) mm. In teraperat
40AC, the edge increased from (9.9, 10.25,

B
N b

H
e
B

mX1

[+4]

mXx2

[}

myl

~

N

Change in cross section area (mm)

C-40°CR-40°C C-25°C R-25°C C0O°C RO°C (C25°C R25°C C40°C C40°CC100°CC100°C

The temperatures °C

Figure 7.Bar chart measuring explosive edge in the Charpy Impact Test in casting and
rheocasting samples at a different temperature.

3.4  Scanning Electron Microscope forcasting and rheocasting samples at room
temperature

Figures 8 and 9 show SEM images of the fracture surfaces, revealing a typical ductile and mc
ductile morphology for the casting and rheocasting circumstances. Both brittle and ductile fractu
morphdogies were seen in various portions of the impact test, and both specimens were examir
at room temperaturé3ased on the modest Mg and Si peaks noticed in the spectrum, the-energ
dispersive Xray spectroscopy (EDS) spectrum displayed in Figure 8.bodstinates that these
precipitates are mostly M§i precipitationFigures 8 and 9 show comparisons of fracture surfaces
acquired by SEM from impact specimems a ductile crystalline materials test, the fracture can
happen by cleavage in the impact spexiras shown in Figure 8.a. Nevertheless, for casting impact
specimen, the theory of ductile fracture is generally in grains boundaries Figure 8.b. away from tl
casting specimen.
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ERENR

i

Figure 8.a. The SEM image of grain boundaries in the undeformed part of c&tegjmen (39J)
b. EDX spectrum revealing the precipitation of Mg2Si of casting specimen.

However, in the rheocasting impagtesimen, more ductile fracture propagation among the
severely deformed and elongated grains is observed to be more favorableSragsinewed the
effect of more energy absorbed in the impact test cordpaidn energy absorbed in casting
specimen at room temperatuiased on the modest Mg and Si peaks identified in the spectrum, the

energydispersive Xray spectroscopy (EDS) speatrudisplayed in Figure 9 demonstrates that
these precipitates are mostly pfj precipitation.

L

Figure 9.a. The SEM image of plastic deformation at the grain boundaries of rheocasting
Specimen (99J) b. EDX spectrum revealing the precipitation of Mg2Si of riiegcas
Specimen.

Because the more ductile fracture performed in the rheocasting sample impact test contain
significant degree of plastic deformation in crystallographic plaR&sstic deformation at grain
boundaries is seen in Figures 10 and 11. Plasgformation dissipates some energy from stress
concentrations at grain borders, causing grain morphologies to change from spherical
longitudinal. Similar micrecracks may also be discovered in the figure, in addition to the dimples.

High Si levels werdédentified in the broken regions throughout the specimen, according to the EDX
investigation22].

Figure 10.The ductile fracture surface of the rheocasting specimen.
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Less ductile fracture typically includes little energy absorptagure 11 shows no more plastic
deformation crystallographic planes. b particle precipitation does not appeaiingprove the
alloy's impact properties; in fact, only the rheocasting sample shows an increase in the absort
impact energy relative to the castioges.

Figure 11.The less ductile cleavage fracture surface of cast Specimen from a scanning electron
microscope.

3.5 Calculate Hardness Test for rheocasting and casting alloy

Figure12 shows the hardness value of the &lloy samples. It can be noted that the sarople
the heocasting alloy has the maximum hardness followed bycalséngsample. The average
hardness Brinell results frorheocasting sample2h HB andcastingsample95 HB.

140

120
100
80
60
40
20
91
91 94 g5 96 95

H Aluminium Casting

Brinell Hardness Test HB

B Aluminium

Rheacasting 122 123 124 127 126

Figure 12.The average hardness Brinell of Aluminum EN AW 6082 and Rheocasting alloy.

4 Conclusions

A variety of Charpy experiments were carried out in this investigatioypact toughness was
studied for aluminum alloys EN AW 6082 containing Si and Mg in different temperature conditions
The work was conducted on two types of aluminumyalleN AW 6082 at casting and rheocasting
conduction. The investigation on aluminum alloys EN AW 6082 with casting and rheocastint
specimen illustrated that the absorbed energy of the selected rheocasting aluminum alloys incree
in all temperatures (10@0, 25, 0-25,and-4 0 AC) and it becomes mo.
temperatures tildl 100 UC. The studies show
alloy without heat treatment. The toughness value increased for the rheocastingespe®©n the
contrary, the toughness decreases for the casting of aluminum alloy specimens.

1 The impact of processing on the microstructure of rheocasting alloy was utilized to alter th
microstructure of the twalloy casting in response to impact findsng
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1  When rheocasting alloy sersolid microstructure, the impact toughness was the highleist.
process allowed significantly more rdendrite refining, which boosted impact toughness
than suction casting-urthermore, the absorbed energy value for rtetmgaspecimens grew
more than a repeat value in casting samples during the Charpy test in all temperatu
circumstances, owing to the high relative enegyCharpy impact test rheocasting samples
test has high measuring edges values compared withgastinples test shows in test Figure
4,

1 The maximum value of the edges2] was in casting alloy 10.73 mm at room temperature
when this value is increased to 11.29 mm in rheocasting at room temperature.

1 Atechnique to illustrate more ductile damage issi@stvhich produced promising rheocasting
impact results. Longitudinal grain boundaries fracture, but casting impact results showed le

ductile fracture depending on the SEM analysis. Figures 8 and 9 show the SEM test for bo
methods.

1 The average Brinelhardness test showed an increase in hardness from 95 to 125 HB fo
rheocasting samples.
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Abstract

The rheocasting process is a part of Seatid Processing (SSP) which includes processing of
the metallic alloysand this process is between the sdidmd the liquidus states. The present
work was focused on the results of mechanical properties (tensile, compression, and hardne
tests) of the aluminurmagnesiursilicon alloys EN6063T6 Extrusions and rheocasting were
studied according to ASTM standard

Experimental results show that thegular castingof the alloys EN60636 Extrusions
microstructures shaped below is dendrite shape, and the rheocasting alloy is a spherical sha
(nontdendritic). Compared to the dendritic form of the extrusions alloy, the resistance of the
spherical shape microstructure of the rheocasting sample increases yield strength, ultimate tens
stress, andtrain. The yield strength increases in the rheocasting resultéest290 MPa while

the Extrusions result from the test outcome was 215 MPa, and the value of ultimate tensile stre
and strain improved from 24D.08 to 340 MPa,0.11 in the rheocastingngée. Also, the
rheocasting compression result improved in conhttasthe extrusions compression result
Finally, the hardness test revealed that the rheocasting sample had taghlts than the
extrusion sample.

Keywords: Semisolid metal, Rheocasting process, aluminum alloy EN6D&3Tensile test,
Compression teshardness Brinell, Stresgrain curves

1 Introduction

SemiSolid Processing (SSP) includes forming metallic materials in different -Selii
temperatures, such as thixoforming. Besides, the aluminum alloy product manufactured by Ser
Solid Processing consumes advanced mechanical properties associateguidtmétal forming
[1,5]. Rheocasting is a short sesulid metal forming process in which Se8uolid slurry is
deformed straight by rolling, extrusion, etc. [2,12]. The first important step of the rheocastin
process is to prepare the sesolid slurry. Therefore, rheocasting resulted in developing various
successful preparing slurry processes of which mechanical stirring was successfully applied [15]

The semisolid parts have high mechanical properties comparable to those of the forged materi
and beter than permanent mold castings [4,5]. Therefore, Stid processing has increasing uses
in universal manufacturing, especially in a higgrformance part along with a complex structure
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The universal testers, which measure materials for stesgression, or tension, are the most
common measuring devicéheir main goal is to create the previously indicated sstai curve.
When heat treatment settings are optimized, the tensile strength of 357 and modified Sdidemi
formed aluminum lboys aresuperior ¢ tradtionally cast alloys [11]. Thas due to the reduction in
porosity and the spherical microstructure. After heat treatment, 319 alloys demonstrated exceptio
ultimate tensile strength and yield strength of the order of 350avi@280 MPa, respectively, over
100 MPa greater than their conventionally cast equivalémis similar vein, [6,16]. The strength

and ductility of various casting and forging alloys employed in the industrial manufacture o
compressor wheels approachsbmf forged components following T6 heat treatment, as illustrated
in Figure 1. Nonetheless, thestudy does not entirely address the impact of microstructural

characteristics [10].
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Figure 1. The alloy T6 heat treatment, SSP 319 compared to cast C355, 354 R @alloys and
forged 2618 alloy[6].

Under crushing loads, a compression test determines the properties of components. The san
is compressedand deformation is noted for different IcadCompressive stress and strain were
measured and plotted as eessstrain diagram used to evaluate elastic maxin@i@].

Many research publications on the mechanical characteristics of alummagmesiursilicon
alloys are also availabl€omparedo ordinary casting alloys, these studies are substantially less
thanthose on microstructural change. For improved dependability, good design, and weight savin
it's critical to increase their mechanical qualities in tensile, compression, and hardness tests, as \
asastrength[1,20].

The influence of the shape of miéry- Al globules on ultimate tensile strength and elongation
weredemonstrated in an Aluminumagnesiunssilicon alloy [10, 6], as shown in Figure 2, i.e., as
the shape factor increases (the more rounded the primary globules), the tensile and elongat
properties increase as w§l4,13]
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Figure 2.Effect of primary-Al phase shape factor on ultimate tensile strength and
semisolid slurry elongation in ABii Mg alloy in an ascast state [6].
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2 Metals and samples Preparation

The chemical compositions of the alloy used in this study are givEakle 1 Thealuminium
magnesiurnsilicon alloy grade EN60636 Extrusions is typically used for headyty structures
thatdemand high strength [7].

Table 1.Chemical composition of Aluminium EN 606B6 Extrusions alloy.

wit% Al Si Mg Ca Fe Mn Cr Zn Ti Cu

EN6063T6 | Bal. 0.32 0.45 0.001 0.26 0.1 0.25 0.001 0.1 0.031

EN 6063 is a hedteatable medium to higstrength aluminum alloy with excellent corrosion
resistance and weldabilift9]. It has good cold formability in T4 buestricted formability in T6
and is unsuitable for particularly intricate craesctions[9]. The application of Aluminium
magnesiurnsilicon alloys EN60636 Extrusions is for heavgluty structures such as Aerospace
applications, Bridges, Military bridge Motorboats, and Transport cd9e8]. Add-ons of silicon to
aluminum are very communal in Extrusions produbssides magnesiurssilicon is the highest
alloying element in the 6XXX series of allog.4].

Scaffolding components, rail coach sectiondshadre constructions, containers, machine
building, and mobile cranes are the most common applicdii¢8isThe alloy EN AW6082 shows
good resistance to dynamic loading conditions in the abovementioned applicksidime-grained
structure is said tbe the reason for its resistance. Aside from that, EN-@082 is an excellent
choice for maritime applicatiori8, 19.

2.1 Method of procedure SemiSolid Rheocasting (SSR)

The melting temperature a@iuminium EN6063T6 Extrusions alloy is 660 is shown inFigure
3. The phase diagram outlines the effect of the weight percent &ildg well as the phase transition
temperaturesT he all oy was melted in an electric r
held in this furnace for minutes to allow for ey temperature.
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| of the solilus
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Figure 3.Pseudebinary AFMg2Si phase diagram illustrating the possibility of
formation of coarse eutectic Mg2Si under nonequilibrium conditions [4].

Then the crucible was withdrawn from the furnaaed the melted metal was @cylinder
stairless steel cuand it was left to cold at room temperaturbe above process was reiterated for
21
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the same metal for the rheocasting procBsg this time when the crucible was then withdrawn
from the furnace, the melted metal was cooled internally ugiagmocouple k type to control
cooling temperature [12The mel t ed met als were then vVvigoa
(semisolid temperature) using a steel rod attadioegh electric hand drill. Thatas done to break

up the dendritic structurend create globular formations. When the dendritic microstructure is
replaced with a globular microstructure, the alloy should be immediately cooled to room temperatu
with water to inhibit dendtic developmenjl1,13].

3 Resultand Discussion

Five specimens for eadlloy Extrusionsandrheocastingvere prepared fanechanica(tensile,
compression and hardness$s. The results of the test are listed as showing:

3.1 Tensile tests results

A universal testing machine is used to perform the tensilg aadtthe specimens are sliced
according to the standard. Table 2 summarizes the outcomes collédeatding to the
conventional tensile test, the sample was tugged under the action of uniaxial pressures appliec
both ends until the specimen fractured

The results of the tensile test could be switched into sstes® curvesand the data might be
signified as one of these curves. The variables such as yield stress, ultimate tensile stress (U
elongation, toughness, and fracture stress couldwralfiyom he curve of stresstrain.

The stressstrain curve for theensile graph before and after rheocasthgwed the following
The yield strength and rheocasting samples were improved compared with the extrusions alloy
compare and show the effeaf rheocasting on various mechanical properfid® yield strengtim
therheocasting samplgas increasedhen theyield strengthin theextrusion sample wakecreased
The strain was changedtimerheocastingilloy sample test illustrated in TableThe tensile results
were plotted against their respective extrusions andselidistate quenching cooling. Improve the
Yield strength, Ultimate tensile stress, and Strain due to the resistance of the spherical she
microstructure of the rheocasting salecompard with the dendritic shape of the extrusions alloy.

Table 2.Results of the stresgrain curve of the twsample alloy.

Aluminium Yi el d Str e Ultimate Tensile Stress (UTS) Iy .
6 Strain
types MPa MPa
Aluminium 170 215 0.080
Extrusions
Aluminium 255 310 0.110
Rheocasting

3.2 Compression test results

The compression test was carried out between two parallel plates with uniform velocity
Mechanical properties such as the yield strengtio(maximum and minimum force could be
received by this work. The average maximum force is appropriate to compare the sample.
eliminate the possibility of error in the compression test, a minimum of five compressions for eac
alloy sample was tested, atitk average value was calculated. The average maximum force for the
rheocasting sample when the average maximum force for the extrusion sample as shown in Fig
4. The extrusions sample was failed after applying the load, while the rheocasting sample w
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resisted more before breaking. The f@ndritic microstructure of the rheocasting sample is the

reason why a sample did rfatl directly. The sample failure was located in the boundary of spherical
grain depending on the surface roughness of the fahaa

344 3.55 3.39 ERS
3 253
243 238 239

m Al Silicon Extrusions m Al Silicon Rheocasting

8]

Average of Maximum Value of Compression Force KN

Figure 4. The Maximum Value of rheocasting alloy and Aluminium ENéG&Sxtrusions alloy
Compression Force.

3.3 Hardness test results

Repeating a hardness test eliminates the possibility of error to the minimum. Five hardne
readings were taken for each samfdeation, and the average readings were calculged.
experimental result shows that the rheocasting sample has maximum hardness because of
spherical shape microstructure of the rheocasting sample even though fracture elongation increa:
Also, the omplete uniform distribution of Mi particlesn rheocasting alloy with these particles
increass and congregate after the act of quenching and cooling to the rheocasting sample. T
influence of the smaller particle size of b in rheocasting alloy iaforcement increases the
hardnessThus, the hardly ash particles help oreasehe hardness of the Al alloy [17]. Figure 5
shows the average hardness value of the two samples. It can be noted that the sample of
rheocasting alloy has the maximum diess followed by the Extrusions sample.

120

105 105 105 104 106
100
75 74 75 76 75
20

® Aluminium Extrusions B Aluminium Rheocasting

-]
=]

o

'y

Average of Brinell Hardness Test HB

Figure 5.The average Brinell hardness of Aluminium EN6JGEXxtrusions and rheocasting alloys.

This change of hardness test back to the-demmdritic microstructure spherical grain
relationship of the rheocasting sample dme method of cooling the rheocasting alloy (quenching).
The microstructural mechanism of cast partaisignificant parameter that isorried about
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extrusion manufacturing. The rheocasting process is found by controlling the shape and size of |
primary phase and second phase morphology on the microstructure. This change in microstruct
was affected in the hardness test of rheocasting alloy [18].

4

Conclusions

The microstructure and mechanical characteristics of the aluminagmesiunvsilicon alloy

EN 6063 T6 were altered and enhanced using the rheocasting méteosile, compression, and
hardness characteristics of B63T6 Extrusions alloys are investigated to prepare two types of
procedures (Extrusions and Rheocasting). The following findinge mede

The nondendritic microstructure between the solidus and liquidus states was shown by th
rheocasting test.

In the rheocasting sample test, yield strength and elongation climbed to 255 MPa. In contra
the extrusions sample result was 170 MPa,feaxcture elongation increases as the degree of
non-dendritic microstructure increases. Compared to the extrusions sample, the ultimate tens
strength and elongation of the rheocasting sample alloy achieve 310 MPa and 0.11
respectively.

The compressio test findings corroborate the tensile test results. When compared to th
extrusions sample, the rheocasting sample outcome improved.

The hardness test value increased due to thedendritic microstructure spherical grain
connection of the rheocastingraple, the cooling process of the rheocasting alloy (quenching),
and the smaller particle size of Mgj in the rheocasting alloy.

The differences in microstructure and mechanical characteristics indicated that the rheocasti
alloy's mechanical qualitiefianged, allowing it to be used in more difficult forging, extrusion,
high-pressure die casting, and casting alloys settings.
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Abstract

The first wave of the coronavirus pandemic in 2019 has affected many parts of our lives, mos
notably its impact on shopping habits. The aim of this article is to examine whetheaidtiens

to the coronavirus in the USA are also characteristic of Hungary. It aims to explore changes i
arms purchasing habits and procedures as a result of GO¥ID examines the results and
consequences abroad and at home. It is important to ttke inaccount peopl e
reactions to certain emergencies, which experiences may later help to respond in a mor
controlled way to events in the event of a similar outbreak. First, | map the changes in gener:
purchasing habits, and then specificéhe differences in arms purchases.

Keywords: weapon purchase, sddfense weapon, panic, coronavirus, gas alarm weapon

1 Changes in general shopping habits in the world due to the epidemic

We can clearly see how quickly and unexpected situationsltamge our welestablished
habits to a great extent. An excellent example of this is the outbreak of the coronavirus situation,
online shopping has skyrocketed. People switched to online space instead of personal appearar
Scientific research hasglwn t hat thi s is due to peopl eds
their physical integrity, the safety of their propeegd secure their future. By shopping online, they
can protect their health from infectigm® need to contact othessgo to the crowd.

They are triggered by the panic caused by the coronavirus, as they believe that in addition
illness, it also threatens wedking and security by reducing production or disrupting trade, which
can lead to shortages of goods. Citizens cae Itheir jobs, become unemployed, deplete their
reserves and have access to basic necessities at all costs, so those who are in a better positiol
think that those living in more modest circumstances, as soon as they have nothing to lose, are ¢
to use violenceTo get what isneecakd, their main goal is to protect their personal freedom and
property. Of course, every buyer hopes it w
birth to a special phenomenon, which is panic shopping dtturs not only and exclusively in
emergencies, but then it is most common. It involves buying, which causes even more panic. T
media reacts badly to this, made# the situation, influence people psychologicallyand
encouragspanic, even though would be the exact opposite.

The changes typical of the world prevailed in Hungary as Wi number of online purchases
has greatly increased in Hungary as whklbreover, customers have become more aware, fewer
unnecessary products are added to tis&dtabut they often accumulate much more than necessary.
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2 Coronavirus infection-induced arms purchase fever

Excessive panic among the people in the United States led them to start arming themselv
Stress and anxiety provoked a reaction from peoplédegtiaghem to start buying selfefense devices
for their own safety. The figure below (Figure 1) shows an increase in U.S. arms sales at the time
the coronavirus outbreak:

Number of guns per month purchased in USA
and global number of SARS-Cov-2 cases
2500000
2000000

1500000

1000000

500000

Oct2019 MNov2019 Dec2019 Jan 2020 Feb 2020 March 2020
——Guns ——SARS-Cov-2

Figure 1: Increase in the number of weapons purchased in the United Statésnatien of
coronavirus case numbers (Source: Dutheil et al., 2020)

It is clear that shoppers reacted almost immediately to the panic caused by the virus, and ar
sales began to rise as soon as the number of cases began to increase. According tonMarch
purchase data, sales increased by 1 million units in just one month. TheMAgrilata further
confirm this trend, with sales up 64.3% more than expected. This is a good indication that America
are much more likely to arm themselves for their heaith safety than, for examplgr political
reasons or a peshassacre defense mechanism. Although they do it primarily to protect their healtt
unfortunately, the number of arms sales and the number of local violentelgted crimes are
closely relatedAs the number of sales increased, the number of crimes also began to increase, &
far more gurrelated injuries were recorded than in previous periods. This suggests that one of t
main reasons for the increase in gun crime is the panic caused by Wi QO epidemic.
Unfortunately, arms companies also try to
even morefo buy their products, trying to relax arms purchase laws and regulations as much :
possible, of coursenly to increase their remeies. As with general shopping habits, online shopping
has come to the fore in the purchase of weapons. Although there were no restrictions on the oper
hours of gun shops in the United States, many people opted for online ordering as it is a much sz
solution to protect their health. With the opportunity to do so there, a lot of first gun purchases we
made at this time of year, even those who had no guns at all so far. This was also facilitated by
loosening of the rules, for which the manufactsiebbied.

3 Selfdefense weapon purchase options in the United States and Hungary

The United States has 50 federal member states. In 35 of these 50 federal states, gun owner:
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not required to have a gun license or gun purchase license. Moreoverpthey even have to
declare that they own a firearm. There are states that explicitly prohibit state agencies fro
registering weapons in the hands of the population, such as Idaho and Alaska. The United States
two member states with relatively stricteés on arms possession, such as the state of New York anc
the District of Columbia (DC). Of course, if someone lives in these states and wants to buy a g
under more liberal regulations, they simply move to a state that is more liberal in terms of gu
possession and buy a gun there for themselves. However, there is a common rule for all states: be
making a purchase, the buyer is verified by the FBI through a system called the National Inste
Criminal Background Check System (NICS), which takes jdietnaminutes.

In contrast, in Hungary, the purchase of gkdfense weapons is completely uniform and strict
throughout the country. Obtaining a permit takes many months, and very rarely, in very justifie
cases, can someone get a weapon ofdeftinse. Wless it can be proven that a person is under life
threatening threat, it is almost impossible for someone to get permission to buydefsetfe
weapon, with a few exceptions. In recent years;defénse weapons have also been withdrawn in
most casesdm members of law enforcement agencies, such as the police. These permits are fo
fixed period of five years, which can be revoked if the danger is not justified. Very few countries il
Europe have developed an arms culture similar to the American, gtathaps the Czech Republic
being the only one where this can be observed. In the Czech Republic, most of the weapons helc
citizens are weapons of s@léfense. This is why the sale of gdarm selfdefense weapons was
compared in the article insteaflsharp seHlefense firearms, as no license is required to purchase
these products in Hungary. It is a frealyailable product over the age of eighteen that can be kept
at home by its owner without permission. If the owner wants to take the gun toetttevsith him
and carry it in stock, he must apply for a wearing permit issued by the police.

4 Summary

In the event of a sudden emergency, people are able to react quickly and radically. The COVI
19 pandemic changed shopping habits around the world as&t pporities. The protection of
human life and the preservation of health have come to the fore; the desire for a sense of secu
intensified.

The number of online purchases has multiplead people have preferred home transactions
over personal appeances. It is a question of how much these new, suddenly coming habits wil
persist once the epidemic threat is over. Will everything return to the old wheelbase, or will ne
habits and priorities remain? As the emergency is still going on, the ansthés tuestion lies in
the future. However, we know for sure that due to the panic situation, people developed a desire
acquire seldefense equipment, and based on the data obtained, we can say that the arms purct
fever in the United States also apped in Hungary, so the coronavirus had an effect in this area.
Excessive panic among the people in the United States led them to start arming themselves. St
and anxiety provoked a reaction from people that led them to start buyirdpfestise deviceor
their own safety. Americans are much more likely to arm themselves for their health and safety the
for example, for political reasons or for a posissacre defense mechanism. As with general
shopping habits, online shopping has come to the fateeipurchase of weapons. Despite the fact
that not all gun shops in the United States have closed, many have opted for online ordering, as |
a much safer way to protect their healtiturned out that despite the emergency, they were willing
to visit an arms store in person three times as much to buy-defelise weapon during the first
wave of the coronavirus as in the same period last year when there was no threat of a virus.

Based on what has happened so far, we can say that changes in pelogléds bad thus their
shopping habits can be related to the viral situation. Just an event that is unpredictable and shov
larger deviation from your usual daily routine is enough.
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Abstract

Catalysis of tB water oxidation reaction is of key importance for efficient artificial
photosynthesis. Successful examples of molecular catalysts have demonstrated thedtieziox
ancillary ligands can assist metal cenfarsbtainingthe reactive formstill, also,such features
haverelevance to material systems, where the chemical environment of active sites tunes activit
in a similar fashion. We found Fe containing molecular catalysts, in which the-aetios
function of the NNO&N pinedwith highaunfaceé dffinity.rHgre wei g
discuss what we gafinom this unique combination.

Keywords: water oxidation, electrocatalysis, Fe complex, oxygyaiving reaction

1 Introduction

Hydrogen is a chemical energy carrier generatesgplifting waterusing renewablelectricity
directly. The oxygen evolution reaction (OER) is arguably the most challenging part of the overa
water splitting.Catalysts for the OER have to deal with the removal of four electrons and fout
protons from two molecules of waf according to Eqg. (1)Thatis a kinetically complex and
thermodynamically uphill reaction.

2H0- O+ 4H* + 4€ (1)

Encouraging results were published on Ru and Ir containing molecularoxatetion catalysts
(WOCs) that combine efficiency wittbbustness. However, instead of noble metals,-rinst
transition metals might mean tpeopersolutionif the aim isto utilize water splitting on aroader
scale.

1.1  Molecular mechanism of Febased water oxidation

In general, ransition metal complexes V& unique redox reactivity due to their variable d
electron configurationmaking their utilization in catalysts for the OER appealing, most of all that
ofiron, whichisthe¥mo st abundant el ement in the Eart!|
activity is the reversible leoxidation of the Feaqua adducts, (L)P& OH, (L stands for the
ancillary ligand that binds Fe and tunes its redox reactivity, typically a multidentddad organic
molecule). Upon the oxidation of the metal centtee agia ligand becomes more acidic and loses a
proton. The oxidized form, (L)E& OH, can undergo a second (and occasionally a third) oxidation
thus (L)Fé*>*=0 can be obtaindd]. This mechanism facilitates the process by lowering the energy
demand of the concomitant oxidation steps called redox leveling. As a result?*{QFe
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complexes can reach high oxidation stétes exhibit WOC activity within a narrow potential range.
A major partis due to thel- and” -donor character of the oxo ligand enabling rapid kinetics for the
whole OER procesRi 4]. Note hat in natural photosynthessimilar molecular processes favor
the rapid kinetics of the natural OER and suppress reactions in the reverse difdjons

In addition to the removal of electrons and protons, the oxidation of waterals@demands
the formation of an 0O single bond that is a chemical step in natwdnen(L)Fe**>*=0 is formed.
Note that once this peroxidic i@ intermediate has been formedlhe further actiors are
thermodynamically favored under the reaction conditiand Q forms rapidly.Molecular catalysts
for the OER follow two main types of mechanism, dependinglogther an external 4 molecule
participates in the formation of th@i O bond, or two NIO units react. The former mechanism
corresponds to water nucleophilic attack (WNA), while the interaction of ti@ Mits is called
I12M (Figure 1).

WNA L 12M
F e4+/5+ M 2+/3+ ' Fe4+/5+ F e4+ls+ M3+I4+ M3+/4+

| — | ol — ./
0 o ! o o) o—
|-|zo-/_l+ HO/

Figure 1.Two types of the 1@ bond formations are water nuclguilic attack (WNA) and the
interaction of two N1O units (I12M).

1.2 Immobilization of molecular catalysts on electrodes

While the high reactivity, abundanand low cost of iron are appealing, the oftesufficient
stability of (L)Fe moieties is a geredrawback.There is clearly a spader further developments.
Beyond this, the immobilization of WOCs on support (photo)electrodes to aeedaced hybrid
systems thatombine efficient solar energy harvesting with high catalytic effectiveness alss stand
as a challenge. Grafting molecular catalysts to the surface of electrodes through covalent interacti
typically requires synthetic modification steps that introduce linker groups on both sides. Howeve
one needs to consider that structural changesa@ralways viable and may adversely affect the
overall performance.

On the other hand, nezovalent immobilization through sedfssembly and surface precipitation
of the precursors, physical confinement, or electrostatic interactions represent at#ernatith
considering. Adayers of the molecular WOCs may exploit hydrophobic interactions between the
surface and the watémsoluble molecules. While this strategy is successfusdoeracompounds,
experimental results suggest that the compositioth@fancillary ligand plays crucial role in
determining the stability, activifand lightresponse properties of the assemblies.

1.3 Redoxactive ligands in water oxidation catalysig7]

Growing attention is paid to the role of redastive ligands in water splitting and their possible
effects on the catalytic process in gen¢8al Their role in supplying electrons or binding protons
at different stages of the corresponding WNA or 12M mechanism has been red@jz&allowing
the definition based on the literaturedoxactive ligands caohangetheir redox state and change
the reactivity of the whole complex in a favorable directioihe case of OER, redeactiveligands
can acceleratiie Q O bond formation, or reduce its activation energy by means of accommodating
one or more electron vacancies in place of the metal centavever, if ligands tervene the
mechanism, it is not always in favor of the OER catalytic efficiency. Unesgedtects may occur
and account for the degradation of the catalyst. Realizing such redox activity also contributes tc
better understandingVe highlight in the following the dual role of the redastivity and high
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affinity for s uf(sémamaerscycticfliganibldumhg @ERrcatady€ig]0].

2 Aredox-active ligand platform to aid a new generation of WOC
catalysts?

21 Femacrocycles and their analogies to NNO&I

Porphyrins, corrolesand phthalocyanines (Figure 2) are kndantheir robustness arrédox
activity due to their cyclig- delocalization. The negative charges at the N donor groups can stabilize
the coordinated Fe (or other metal) center in higher oxidation sfitesefore,such complexes
were found suitable fomany catalytic applicatias. These ligands represent a potentially redox
active ligand platform with rich possibilities in molecular modificatifh]. In context with the
present discussion of the pincer ligand platform, we emph#sz&emacrogcle catalysts for the
OER are generally proposed to undergo first-eleetron oxidation concerning the ligafudlowed
by the oxidation of the Fe center.

\\ i
N N=—
ONp
N Fe_ o N
\ "\l/ N~
N/
porphyrins corroles phthalocyanines
the NN'N pincer variable substrate
ligand platform: - coordination
N \N
& ) /
N—TFe
< |
N— N=
\__~

bis-aryliminoisoindolines

Figure 2.Macrocyclic ligands and a sermacrocyclic pincer platform.

Metalocorroles can act as efficient OER cataly&t. In metallocorrolesthe stabilization of
high-valent metal ions is viable through a combination of short rmétf@lgen bonds and large metal
outof-plane displacemenf{d2]. These properties are also 1t
pincer structure. The redeactive character of corroles and porphyrins is pronounced, and é&rrole
radicals are known among metallmmles[13]. There is gathering evidence that the redotive
behavior of this ligand family is determinant in the catalytic actijdigi 19].

Phthalocyanines (PCs) exhibit advantages in OER catalysis similar to those of porphyrins al
corroles. For example, photocatalytic OER in thespnce of a watesoluble CuPC complex was
proposed to follow an 12M mechanism in borate buffer at pHZh According to computations,

a PC radical occurred upoe Dbxidation of the compleistead of a metdbased electron los§hus

the Ci#* oxidation state did not occuBignificantly, competitive ligand exchange betwehtoride

ions and water molecules for the fifth coordination site inhibited the reaction, calling attention to th
potential adverse effect of anions. Note that we observed similar features in the aage)Glia

OH; catalyst, where LwasndN N 6 N dbis-arydiminoisoindoline pincer liganf21].

These ligands are available for surface immobilization through covalent linkers or axia
coordination of the metal center by linkers or by exploiting their higbptivity [15], whichmakes
their utilization in (photo)electrodesrdctly availablg11].
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2.2 ResultsonFebased WOCs wi tbisariiMidooindaline pimcer ligands

The NNO& Nisahydimirmisoindoline pincer ligands (BAls) can act both as neutral or
anionic ligands due to exocyclimine functions that bind a proton (Figure 3). These rigid ligands
occupy three sites in one plane around metal cer@&es1both aresupporédstability and reactivity
because variable coordination sites are available for substrate binding antloac(iFaure 2)
[22,23]

H
N\ NN NN
S o ] H { )
'N—Fle = N_Fle E N—Fle
N\/N N\/N N\/N
radical anionic neutral

Figure 3.Fe-binding by BAI ligand# the radical, anionicand neutral (protonated) forms (the
overall ionic charges were omitted for simplicity).

Recently, we reported Fand CuBAI complexes to act as WO(8,10,21] In particular, the
[FE"Cly(tia-BAI)] complex (tiaBAlI' = 1,3b i sthigzdlylimino)isoindolinate) [24] was pre
catalyst to efficient water oxidation when immobilized on ITO electrodes by simplecdstimg.

In borate buffer at pH 8.3 Oproduct analysis indicated >80% Faraday efficiency and a turnover
number ofca 200 [9]. Surface analysis before and after electrolysis andisgolution tests
suggested that an immobilized molecular catalyst was responsible for catalysis, while deactivati
occurred by depletion of the metal.

The catalytically active form following a WNA mianism could be obtained by the exchange
of chloride ligands to water moleculda contrastthe pincer ligand provided highbsorptivity of
the Fe(tiaBAl) assembly to the oxide electrode surface. Electrochemical and spectroscopi
investigations in homameous wateacetone mixtures indicated a WNA mechaniswotally,
ligand-based leoxidation (redoxactivity) and intramolecular fatom transfer (internal base ligand
function) occurred since all the forms in Figure 3 are capable of metal binding. Enedattlusion
came from electrochemical detection of an intermediate-tissolved samples from dragasted
ITO previously exposed to loAgrm electrolysis.

Notaly, the ligand exchange in waterganic mixtures has led to the development of an
electraleposition method to form catalyst-kgers for efficient WO@10]. This method allowed to
reducethe surface concentration of the catalyst by at least an order of magnitude compared to dre
casting. Changing the thiazolyl arms inB&l to benzothiazolyl ones increased ttherability of
the catalytic films, highlighting that the ancillary ligands play a crucial role in the stabilization of
surfaceadsorbates.

3 Conclusion

Our work involved F& dichloride complexes utilizing a heterocyclic pincer ligand platform,
whichserved as a precursiorthe true electrocatalyst, aguacomplex. The BAIH ligand is a rigid,
meridional structuretherefore, the question emerged, how this configuration would influence
catalysis. Labile sites were shown to faveOHbinding and WOC. Re redox activity of the pincer
ligand seemed to play an essential role in generating the proposed active form in WN/
[FEV(O)(H0)(BAIY]?*. The BAIH form played a role in proton chanmél the further reaction
steps (peroxide formation). The complexultbbe grafted to ITO or FTO as model anodes. The
waterinsolubility of the complex originated from the coordinated Bigand that supported surface
attachment and left open sites necessary for WOC. This complex design seems suitable for n
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molecular ctalyst/(photo)anode hybrids. The route of catalyst deactivation appeared to be th
demetallation of the complex, but the waitesoluble ancillary ligand remained at the electrode,
indicating its strong attachment to the surfdeiaally, a simple electragposition method has been
developed that allosv immobilizing [Fe'Cly(BAI)] precursors. Electrodeposition has clear
advantages over dregasting or dipcoating of the complexes in terms of overpotential and better
charge transfer properties. This meth&sbaeducedhe numberof complexrequirements for long

term operatiorstability. In one exampleoutstanding robustnesould be demonstrateé very
stable complexlectrode combination was able to produceb@ turnover number of >800 in
borate bufferat pH 8.2. It is illustratedhat electrodeposition may be a practical immobilization
method, even in the case of precursors soluble only in solvents immiscible with water.
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Abstract

The increasing number of work companimntinuously spending money and resources to
improvethe production time minding the human resource push the ergonomics experts team t
selectthe appropriate tool for each work station. This work is focused on developing a method
for tool selection and tool desigkeeping the care in the ergonomics and the anthropometrics
for each worker group to improve the companies producfithe same the, the experts go
through the principal factors for tool selection. As a result, a structured guide for managers i
defined toersure the correct and appropridat®| selection

Keywords: Tools selection, Hand tools, Dimensioning, Occupational safety

1 Introduction

Nowadaysin the growing industrialized world, the increasing number of work companies are
continuously spendingioney and resourcds improvethe production time minding the human
resourcgl]. Watching the musculoskeletal disorders number in industrialized countrieg$otus
the observation process in companies that use hand tools to accomplish the exact activity in ez
work stationi2].

Different standardized industrial documents identify the variables to be controlled and hoy
these variables could affect workerhaviour The way to acquire data [3] is important as well know
that is not called in the documents several variables paresribte could significanthaffect the
final tool selection

The risk assessment tools in the industry are ftos the causes of different occupational
diseases related to different body paatgl it was carried out from papeencil worksheets to virgl
reality simulations to reproduce the causeworker iliness In that sense, the compandsllenge
improvingthe managemestystem everyime[4].

The hand toolsergonomic risk factors often depend flexion and extension of the wrjst
excessive muscular force, and mamanual movements repetitiofhe extremity cumulative
trauma disorders are recognized as key ergonomic risk factors by the ergonomics managers in €
factory. In that sensethe guice for nonpowered tool selection for specific work ksdhall be
presentedo improwe production time and avoid worker injuries and future health disorders.

According to the U.S. Bureau of Labour Statistics, the number of nonfatal occupational injurie
ard illnessesvas 59,830 during 201 3vhere the source of injury responsible for more than 100.000
was identified like hand toolsr machinery. hiese data are shown in Table 1
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Tablel Occupational injuries, illnesses incidence rate, and median days away from work fol
nonfatal incidents, US 2015]

Source of injury or Number Incidence rate Median days
illness away from work
Machinery 59,830 54 7
Hand tools 52,030 47 5

The rest of the document is structured as folloBexction 2 Related works. Section 3 Tool
selection métod. Section 4 Results. Finally, Section 5 Conclusions.

2 Relatedworks

Typically, industrial workers use the hand tool according to the availability in the workplace
According to this statemerthe managers and ergonomicgents make the study befostaring
the operation in the industry and select the adequate toolrsthés sensghe tool selection is done
in three different stages: $fudy workplace dimension, ii) anthropometric sifevorkers, iii) tool
and worker selectiorKai WayLi [6] presents an Ergonomic design and evaluation of-tyirg
hand tools (2002)rhis document introduces some examples for reducing the unnatural postures al
muscular efrt in designinga wire-tying hand toal The results showed that the designs of pliers for
the wiretying task as far as muscular effattnornal postures reduce the time and the waskér
effort.

In 2013GregorHarih and BojarD o | {i7hpkesenéda Tookthandle design based on a digital
human hand model, developing an anatomically accurate static digiainfand modelwhich
provided a higher overall comfort rating thém cylindrical handles. Then Mohammad Sadegh
Sohrabi[8] presents The effect of nggowered hand tools' diameter on comfort arakimum hand
torque(2015) to show the effect of hand tools' diameter and comfort for estimating the optimal siz
of hand tools.

In 2015an Integration of Ergonomics Into Hand Tool Design: Principle and Presentation of ai
Example by Michel Aptell_aurentClaudon andlacques Mars¢®] where is shown the features of
hand tools relevant to the physical interaction between the implement and the human operator
reduce the worker illnesaid to longer use time of tooBesides, Szabo Gyu[8] presents Usability
of machinery (2017)where identified as a factor of work accidents Wrong operator behaviour
during the work time In the industrial wopkace

Given the works cited above, it can be stated that design optimization andrteet tool
selection is gundamentafact in the current industry trend. However, most cases try to make a
selection without taking caref the anthropometricof workers and comfort during the repetitive
work activities. In this respect, most of tiwéstigations reviewed have don't give a rodtfor tool
size selection. Thas, in fact, the rationale behind the proposed methodical hand tool selection.
Consequently, the proposed method is of great importance in demonstrating the advantages
makinga correct tool selection.

3 Tool selection method

The Derived / Compiled Data collection method is used to evaluate the obtained informatio
through a metanalysis to define the selection criteria. The criteria for selecting infornTfaitos
on collectinghe main ergnomic characteristics of toofsr applying in general selection of devices
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in the industry to avoid possible future disorders based on the statements of internatior
occupational health institutions.

The hand tools like hammers, chisgdliers, screwdrivers, etalways be a potential part of the
injuries risk for workers during normal work activitieBifferent factors can cause work injusje
and additionallythe workels illness could be considered in a different kifidhe differentinjury
kinds are shown in table 2.

Table 2 Worker injury and possibles causes

Injury or illness Possible Cause

When hand tools are designed to cut ¢
Cuts, abrasions, amputations, and punctuy  move metal and wood, the body parts
easily can be cut

Stresshuman muscles and ligaments,
continuous numbness or poor circulation
hands and arms.

Repetitive motion, using the same tool,
the same way, all day long

Flying chips of wood or metal are a
Eye injuries common hazard, often causing needle
and permaent blindness

Broken bones and bruises Stroke or slip with tools

According to the Occupational Health and Safety Management Systems (QHt®Astandard
OHSAS 1800110] proposes the standardles for health and securityo reduce work injuries
European Union directive 89/391/EEQl1] suggest introducing measures to encourage
improvements in the safety and health of workers at wiink tool setction should be carried out
in different steps like a) Know your job, b) Observation at your workspace, c) Improve your worl
posture, d) Correct tool selection. In this context, different steps are defined to make a correct tc
selection, focused on theork activity, tool characteristics and Ergonomic Worker Positions.

3.1  Work activity

To start the selection procef#tsis necessary to analy the work activityand the toolslesigned
for specific taskslf the tool is used for other nespecific activity déeriorates the tool and may
cause damage, discomfoor injury, & shown in figurel.

{A} Incorrect tool

(B) Work space
use

Figure 1 Work Activity characteristics
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3.2 Tool characteristics

The awkward posturesn addition to the harmful contact pressymnesmke a possible injury
source in thduture. To avoid it, the selected hand tools shall befit the hand, considering the mair
tool charactastics represented in tableaBd the evaluation criteria for each gadget.

Table 3 Tool Characteristidd 2]

Selection Criteria Tool shape Tool dlm_en5|on and Tool material and handle
weight surface
. . High friction material for
Adaptive shape Lower weight tool contact handlsurface
Characteristics Tool dimension according Homogeneous force
Rounded edge - 3 distribution for handle
to the activity surface

3.3  Ergonomic Worker PositionsWay of handling the tool

Identifying the work way during the activity is the next task during the sele€igure 2shows
the tools applicationsin connection with it, the handle way is armg in relationto the
anthropometrics of hands of the workers to identify the tool size.

Power Grip

Contact Pressure Pinch Grip

-
Double-Handle Tools
Single-Handle Tools

XY
.
e T
Figure 2 Way of handling the tofl2]

The industrial population of workers belentp each country's economically active population
group where many studies were performed collecting the antimefric ofindustrial workers. Tie
relatedhand data is presented iafdle4.

Table 4 Hand anthropomef3]

DIMENTION MIN MAX
HAND LENGTH 15,90 20,50
PALM LENGTH 8,90 11,60
THUMB LENGTH 4,00 5,80
MIDDLE FINGER LENGTH 6,90 9,00
RING FINGER LENGTH 5,90 8,00
LITTLE FINGER LENGTH 4,30 6,30
INDEX FINGERLENGTH 6,00 7,90
MAXIMUM GRIP DIAMETER 4,30 5,90
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4 Results

In order to ensure the correct tool selection focusing on the way of handling, three hand measl
sizes are the main: index fingength, middle finger lengtmaximum grip diameteAfter worker's
hand anthropometrics dgteesented in tablei8 processed trying to assure the use of the hand tools
for the majority of the work population the ergonomics managers shall choose the tools whose si
of the parts is betweendtshaded zone shown in figuréd3assure the 90 per cent of the workers'
hands could be used during the activity.

0,31 0,36 0,28

0,3 0,27
0,29 0,26
0,28 0,25
0,27 0,24
0,26 0,23

0,25 0,22 \
021

0,24
0,2

0,23
4 4,5 5 55 6 6,8 7.3 7.8 83 8,8

(A) INDEX FINGER LENGTH (B) HAND GRIP DIAMETER (€) MIDDLE FINGERLENGTH
Figure 3 Hand parts size group to relation with the hand tool

In the case of contact pressure subjection and pinch grip subjection, the index finger length
the most important size, due to the tool activitiesraagle using this finger like the small contact
between the gadget and the body, these anthropordeta are presented in Figure 3A.

For the single handle tools subjection and power grip subjection, the maximum handgri
diameter is the most important siziie to the tool activities are made using thumb, mijdxdid
index fingers like the small contact between the gadget and the body, these anthropatsetare
presented in Figure 3B:inally, for double hand tools subjection, the most important sitieeis
middle finger The tool activities are made using this finger, like the small contact between the
gadget and the bodyh&se anthropometridata are presented in Figure 3C.

5 Conclusion

The main goal is to improve production and save resources tmbet imcomes in the industry.
To ensure this goal is the protection of the worker from illng&s ergonomics managers will be
cautious for tool selection sizt® accomplish it for activities related to contact pressure subjection
and pinch gripsubjectionthe selected tool shall be chosen between 6.19 centimetres to a maximur
dimension of 7.71 centimetres.

For the activities related to single handle tools subjection and power grip subjection, the select
tool shall be chosen between 4.46 ceatias to a maximum dimension of 5.74 centimetreslly,
for activities related to double hand tools subjectiba selected tool shall be chosen lower to 7.11
centimetres.
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Abstract

The concrete structures generate heat in the satigiprocess. The influence of the heat can
depend mainly on the composition of the cement, the quantity of the additives, and the hee
properties of the insulation. The material properties, the heat generation, the thermal processe
and the shape of theoncrete block characterize the temperature field of the mass concrete
structure.

In this study, the influence of the block dimension on the crack propagation is investigated an
compared with finite element analysis.

Keywords: Mass concrete, block shape, finite element modeling

1 Introduction

The concrete structures heat generation is mainly depending on the volume of the mass concl
structure, the rate of the gravel, and the additives.

The cracking propagation cése characterized by different methods:

- the maximum temperature difference must

- the maximum temperature difference (and the cracking risk) depends on the therm
expansion coefficient and the early age tensile strength [2],

- the precooling and pesboling technology,

- the maximum temperature is 70 AC, and t
[3].

The ACI 207.1R [4] defines the mass concrete crack propagation in general with the help of ti
combination of dimensia) the boundary conditions, the characteristics of the concrete mixture, the
ambient conditions, and the chemical reaction heat.

Ballin in [5] characterizes the mass concrete structure with model and temperatur
measurement, and the article 700 mm x 7@0 x11.000 mm box shape used for modeling.

Yonghui Huang et al. in [6] use a 1:5 scaled segmental model to determine the temperature fie
After the test, the FE model was characterized by the measured temperatures and pipe cooling u
Jacob Michael et aln [7] demonstrates the crack control, fetlale testing, and finite element
analysis in the case of a concrete wall. An FEA evaluated the thermal and structural effects on 1
wall when using a controlled and novel concrete mixture. Ultimately, thel naixture reduced the

cracking potential of the wall.
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As the | ast decadeds |l iterature shows, t

characterize the early age concrete temperature field. This calculation requires less time for the cr.
propagation than the scaled model test.

2 Material and Method

As it is known, the composition of the cement belongs to the major contributors to hes
hydration.

The examined CEM Il is characterized in a viewpoint of heat generation withaskatiatic

calorimdry described in detail [8]. The used blast furnace cement heat generation can be shown
Figure 1.

1000
800
600

400

Heat generation [W/m3]
n
o
o

Time [h]

Figure 1Heat generation of the used blast furnace cement as a function of time

For the analysis, box shape was used with different dimensions (500 mm, 73@@&@mmm,
1250 mm, and 1500 mm). These shapes can be modeled with a simplified model for the fini
element analysis because the initial and boundary conditions were symmetrical. According to the
only the oneeight volume was modeled for the calculation

50,291 Max
48,373
26,455
44,538

42,62

40,703
38,785
36,367

34,95
33.032 Min
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Figure 2The temperature field and the temperature change in the function of time

The used concrete specific heat was 1228 KJ/(kgK), the isotropic thermal conductivity was 3

W/ (mK), and the fresh concrete t eisoatonveasusede
with a 5 W/(m2K) heat transfer coefficient for the model.

Figure 2. summarises the temperature field in a case of 1 m dimension and the minimul

maximum, and temperature difference in a function of time. The results were givemangient
thermal analysis with Ansys 2021 R2.

3 Results

The finite element analysis has been used for all the box shapes. All the results showed that

maximum temperature was in the center of the blocks, and the minimum temperature was in t
corner of he blocks.

Figure 3. and Table 1. summarize the temperature differences in a function of time in all tt
used edge lengths.

35 i
—— AT 0.5m

30 [ [—— AT 0.75m
_ AT 1m /
9 25 |=——AT1.25m
e —AT1.5m
]
§ 201
o
Q157
5
- 1071

5 -

0 . . . I

0 20 40 60 80 100

Time [h]

Figure 3The influence of the edge length on the temperature difference
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Table 1The max temperature difference and its time in a function ofledgth

Edgelength[m]| Max. temp. d Timelh]
0.5 5.72 45.3
0.75 11.12 57.8
1 17.25 69.7
1.25 23.83 83.1
1.5 30.4 95.3

The results showed that the isolation and the material properties were the same for maximu
temperature, and theeight of the block has characterized its time. The growth edge length made
the temperature difference higher later.

4 Conclusion

According to the results, the mass concrete structures can be defined with the help
characteristic dimensions and the heategation function. On the other hand, when the engineering
practice uses thicker sections or different heat generation cement, the specific isolation or inr
colling can prevent the cracking formation.
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Abstract

The concrete striigres generate heat in the solidifying proc@dte influence of the heat can
depend mainly on the composition of the cement, the quantity of the additives, and the hee
properties of the insulation. In engineering practice, mass concrete structures can b
characterized by model test temperature measurement.

In this study, the influence of the cement type on crack propagation is investigated and compare
with finite element analysis.

Keywords:mass concrete, heat generation, figitlement modeling

1 Introd uction
The concrete structures heat generation mainly depends on the volume of the mass concl
structure, the rate of the gravel, and the additives.

The risk of cracking propagation can be described with the minimum and maximum temperatu
differences According to [1], the maximum temperature difference needs to be a maximum of 2

AC between the surface and the central zone
According to the CIRIA C600 standard, the maximum temperature difference between the inn
zone of the concrete massanditsexterl sur face (T max) is defin

with a 13x1@ thermal expansion coefficient 70x40ltimate tensile strength.

The cement heat generation can be measured by adiabatic [2hdiabtic [3], or isothermal
[4] calorimeter. Tl measuring time and the time sample rate are depending on the Cement type a
the type of the data collector. The more common solution is the usage of thadsaipaitic
environment with heat loss compensation, according to [5].

Yan Li, Lei Nie,andBo Wangin [6] article represent the cracking propagation with the help of
the finite element modeling. In this research, the temperature and the stress field has been predic
and the basic of the crack propagation has been defined.

Ju-Hyung Ha et al. in [ffound some cases in whidhe general field curing methaduld not
satisfy the cracking criteria and needed automated curing technology. The article draws attention
the importance of the difference between the mass concrete surface and centertismmpera
difference.

Aneta Smolanat al. [8] used numerical methods andsite measurement when describing the
crack propagation and compared the two methods. With the help of the calculations and tl

47



Erzs®bet Domony(ESB2029)t v ¢

measurement determined, the finite element analysisideddhe temperature distortion, and the
calculation time was shorter than the measuring.

2 Material and Method

As it is known, the composition of the cement belongs to the major contributors to hes
hydration.

The examined material named CEM | and CEMiltration heat were measured with a semi
adiabatic calorimeter are explained in [9].

According to the literature, CEM | (Portland cement) and CEM Il (blast furnace cement) were
used. The CEM | type cement structures are stronger than the CEM Il stsudiutethe heat
generation is almost double. The measured heat generation is summarised in Figure 1. as a func
of time.

2000 1

-
9]
o
o

1000 |

Heat generation [W/m3]
(%))
o
o

——CEM|
——CEMIIl
0 20 40 60 80 100
Time [h]

Figure 1.The CEM | (Portland cement) and CEM llI (blast furnace cement) heat genera

The applied concrete physical propertiessaanmmarized in Table 1.

Table 1.Physical properties of the concrete

Property Value
Specific heat 1228 J/(kgK)

Isotropic thermal conductivity| 3.5 W/(mK)

Temperature of fresh concret 20 A(

In the modelthe heat transfer coefficient was considered to be conStan{m?K). The simple
specimen geometry and the symmetric heat transfer conditions (amtiaboundary conditions)
enable ugo take into accounbnly the oneeighth of the unit cubérhreeneighboring surfaces had
a nonzero heat transfer coefficient only for simplification. The transient thermal analysis was applie
for the calculation, and Ansys Workbench 2021 R2 was used.

3 Results

The Finite element results have been calculated for theewdrokess (see Figure 2.), and the
results have been figured in the maximum temperature difference in Figure 3.
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Figure 2.The maximum temperature difference in the case of CEM | (left) and CEM Il (ri
case
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Figure 3.The maximum temperature, minimum temperatamd,the temperature difference i
the case of CEM | (left) and CEM llI (right) case

As Figure 3. shows, the cement heat generation greatly affects the temperature difference.
the I eft side of the figure, teiemorsidgnificantthamc e
the allowed value that the concrete structure will most likely crack on the right side.

Based on Figure 3., the isolation helps to maximize the surface minimum temperature (on tl
corner) at 33 AC, b uwlydepends onithe nement chemiogl ractioonsu r e

Based on the results, the CEM Il type cement is better to build mass concrete structures tt

the CEM | type cement. As Table 2 summarizes, these two materials define different maximu
temperature differenced different times.

Table 2. The temperature differen@nd its time tabtain its maximum value

concrete for | concrete for
CEMI CEM 1lI
maxi mum t emp. 31.13 17.26
time [h] 55.22 69.7
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4 Conclusions

The control and the reduction of hydration heat in concrete struetiees primary importance
to the technological problemBased on the application of a simplified fingkementbased model,
from our preliminary resultst can be concluded that the cracking sensibility caimtreased when
using CEM tbased concrete instead of CEM Il concrete. According to the results, the center of tt
concrete body can be overheating, and the outer surfaces need to be isolated.
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Abstract

This paper makes an exploratianb o u t the gl obal term
safety workplaced starting from WHO
to overall models and frameworks that can be useful on the safety and Securit
Science. The purpose of the present work is to definenargl concept for the
expression used as "healthy workplace", which can embrace all fields of work,
helping to clarify the term and avoiding leaving itself definition held to possible
mistaken interpretations.

Keywords: healthyworkplace, workplace safgt safety environment, safety
behavior.

1 Introduction

These days, even with all technalcey advancs and weltbeing improving, the health and
safety occupational abide an issue for national economies, the company members, and societ:
strongly take cargl], not only to avoid lost moneyubas a productivity strategy at the same time.
Taking care of the employees is taking care of the work deve[@pd.

There are around 400,000,000 results in Googleigdbo iheal t hy cawbermog| a
dependents on the moment this paper is reading), they are increasing eveMpraztheless, the
interpretations can bihousands of what the phrase mehjgs].

All these definitiond or t he ter m fs af ecanybe discussbdeaad seldcted |
from different papers and studies, anzaly and understood from different flankStill, the research
question is: Cama meaningoe deined fora healthy workplace thatan fix and cover all fields of
work?[6]

The rest of the documeiy structured as follows. Section 2 Related works. Sectidperéh
definitions about workplace given by WHGection 4 Defining workplace tesrSection 5 Results.
Finally, Section 6 Conclusions.

2 Related works

The term fAsafety wor lkred Sane eeseartisanminipaboritiechnicat e |
and organizational aspects in the companies, industries, or any institutiarathbé a place to
work [7]. Many of the related works have delvietb analying or proposing methods to improve
workplace working conditions and safety climate in the workp]&{8].

In 2009, M. S. Christianteal. [6] focused on behaviorally oriented occupational safety, pointing
out that even with all the effort to study workplace safetyimpressive quantity of information has
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resulted plagued by lack of theory, weak methodology, and unclear concepituali#atonstructs.

In its publication about Healthy Workplace Framework and Model: Background and Supportin
Literature and Practic44], the World Health Organizatiantends to give a document that can be
followed as practical guidanc&he same worlhas mentioned the purpose of being adapted for
specific cultures and regions, whielill collect the framework to provide practical assistance to
industrial people for implementing the cuf@].

3 Term definitions about health-safetyworkplace

Many descriptions have surfaced when making a deep literature evaloattbe Web about
the given definitions of a workplacAs a method oassessmenmtf the information, beforenaking
an effort to define the term, it is needed to have clear definitions established:tiGplkhe
information using the Derived/Compiled Datecollection method,a systematic review of the
information relatedo ahealthy workplacevas madeSubsequentlythefollowing eligibility criteria
were definedthe main given definitions to take into account, which should be directly related tc
international institutionshat manage official internationally occupational health to make sure the
term carembrace all region$n suchamanner, three internationatganizations have been selected
to analye the views or mentiorebout the safe workplace. Based on the number of stiagesiost
relevant ones are present: World Health Organization (WHO 197 members), International Labo
Organization (ILO 187 memberages) and European Agency for Safety and Health at Work
(OSHA EU Agency 22 states plans).

3.1 Healthy workplace vs. healthy organization

So far two keywords have been cldaidentified: healthy workplace and healthy organization.
A healthy organization desnot necessarily mean a healthy workplaoeth are connected bdb
not essentially point to the same shown in Figurel. Understanding botldeepy makes the
differencein defining whata healthy workplace in particular. is

As WHO references, theeal t hy wor kpl ace terms show f
situation on the physical and mentalwele i ngd. Whi |l e a h e aslempioyee or
health and welbeing into how operates and the work wayathieving its strategic god].

It looks like a healthy organization compulsory promotes incorporating a healthy wor&pthce
is related to how the organization achieves its goalshewd plans to improve them from the
perspective of the health and wb#ing of its employees.

e —

HEALTHY
ORGANIZATION
o vee health
: o how
‘organization operates and

‘goes about achieving its

|
HEALTHY WORKPLACE

points to physical and mental wellbeing of employees -
-

Figure 1. Healthy workplace vs. healthy org;nization
52



Vanessa CErazaChamorro, Ricardo P. ArciniegRo ¢c ha, Gy((ESB2028z a |

3.2 ILO perspective about workplace & decent work definition

If the WHOfocuseson defiring what is important for human health frangeneral job view
the International Laboufffice is guiding the governments national laws and regulations to be
applied at the workplacéntendingto improveand make them safetibealthier[10].

Promotng the fabulous idea of achiieng a totally sée and healthyvorkplacehas been the
main issue in the ILO agenda since several years ago. leéhdtofficially establishi wh at e X &
means a saf ety fdeoentkvorhneanngs, cledilyrelated to @ healtland safe

workplace, as mentoned by |1 LO in its publications:
framework for action and Safe and healthy workplaces Making decent work a f&alfiO].
Consequently, I LO st and aestdblish thenfoll@vihélthreercare value® 6

about what shall have a workplatebe considred like safetyhealthy: i) safe and healthy working
environment; ii) work welbeing and human dignity; iii) possibilities for personal achievement,
selffulfi lIment, and ®ciety servicg12][10].

3.3 OSHA EU about health and safety in the workplace

OSH establishes The Strategic Framework on Health and Safety aP@®1@¥R020 to address
the MSD risk factors and ergonomics as main challetiggst a safe workplace. O8HEU points
mainly to prevent risks factors #ite workplacethatcan cause MSD and ergonornalated iliness,
such as physical and biomechanifeaitors, organizational and psychosocial factors, individual and
personal factor§l3][14][15][10]. Therefore, OSHA recogniz¢hat a fAsaf ety wor
one that: do not impair/prevent impair the health and-lwesthg of workersalso takingnto account
the possible impact on the surrounding communities and the environment; ii) have psychologic
and social wetbeing and the ability to conduct a socially and economically productivilOle

4  Defining workplace term

Before tying to define the term, the very first must be pointedthe certainties already
determined around the term. According to the Wardalth Organization, healthys de f A n e «
state of mental, social and complete physical Wwelhg, and not just the absence of illness or
disease [16]. On theotherhand, all definitions in published literature have some points clear in
common about the ternthese are shown indure 2.

The coincidenaffirmationsab ut t he term fAsafety or heal't
review are: ilNowadays is assumed that emplaydiealth is incorporated into the WHO definition
of health.ii) The relation between a healthy workplace and a healthy organizatiorecthdir
connected. Howi$ he order and e mpl toypperatesséandhhe avdrk way to o
achieving its strategic goalsi) The need includehealth protection and health promotion for a
healthy workplacé4].
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1 EMPLOYEE HEALTH IS ASSUMED FOR

incorporating the WHO definition of health (physical, mental and social) and to
be far more than merely the absence of physical disease

HEALTHY
WORKPLACE

(Clear points defined from
literarure)

3 AHEALTHY WORKPLACE
MUST INCLUDE:

Health protection and

2 EMPLOYEE HEALTH AND
CORPORATE HEALTH ARE
INEXTRICABLY INTERTWINED
A healthy workplace is a healthy organization
from the point of view of how it functions
and achieves its goals.

health promotion

Figure 2. Clear points between overall meanings of a healthy workplace.

Psychosocial Community

Physical work
Environment

health and safety

Work
Environment

health, safety and well-
being concerns in the

Personal
Health

personal health resources

relations

weays of participating in
the community to
improve the healith of

concerns in the physical
work environment

workers, their families
and other members of
the community.

psychosocial work in the workplace

environment including

organization of work and
workplace cufture

Figure 3. Identified needs concern to achieve a healthy workplace

5 Results

The exact meaning or definition eforkplace safety became more and more complex of
typecasting in only a general termn®single terns enoughwhich includes and works for covering
the whole speer of fields. Still, mainly thatcannot be subject to subjectivity amcorrect
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interpretaions to define the term is necessary to understand that any organization has speci
necessities concern to achieve a healthy workplace. In Bgtlrese needs are summarized on their
common points as) Physical work Environment: in the physical worlenvironment health and
safety concerns.ii) Psychosocial Work Environment in the psychosocial work environment
health, safety and welleing concerns, including workplace culture and organization of.wrk
Personal Health workplace personal healtesourcesiv) Community relations: different forms
of participating in the community members to improve workers' healththe environment
Considering this background, WH®uggestsa possible definition of the term "healthy
workplace', which intends toinvolve the identified needs in organizations, overall reviews
(frameworks and models), and coincidences points of certaiftiesdefinition is proposed a%The
place where continuously improves the process to protect and promote the healteimgethnd
safety by the workers and managers collaboration considering the identifiecbrjdgds

Primiry ePrevent injuries or illnesses from happening in the first
prevention | place
\J

Se(;ondary +Services of “personal health care resources”

a by employer-provided when this is not
prevention available in the community
\J

T q =Create a workplace environment that does not cause re-

ertiary injury or reoccurrence of an illness when someone returns to
prevention work after being away with an injury or illness, whether

- work-related or not.

Comfortability e|t is intended to mean a workplace that is
5 N supportive and accommodating of older
inclusive workers, or those with chronic diseases
. or disabilities

Figure 4. Mandatory points to be a safe workplace

6 Conclusiors

As shown in the literature review about the definition, it is used "healthy workplace or safety
workplace" term to refeto the same issue. Both terman beconsideed synonyms sincéhey
approach the same point inside tledeBy and Securitgcience.

The definition of safety or healthy workplace points directly to satisfy the identified needs
about safe and occupational health shown in Figuceidcludeal interpretations of the term.

A Ohealthy workpl aced c tionongf the Wwoskplagedhasuthet e
following four mandatory points shown in Figudei) Primary prevention. Identify and prevent
the sources of possible illnessiojuries in the first instancei) Secondaryprevention. Services
of fiper s on adsoulceaslot hb yprasided In dhe ease ihe communityis not
availableiii) Tertiary prevention - Positive feedbackAssure the work environment that does not
cause renjury or reoccurrence of an illness for workers who have recovered fromsteesdi work
related or nativ) comfortability inclusive. A workplaceprovidessupportive and accommodating
workers with chronic diseases or disabilitieeluding other groups like older workers.

As future worka study of Regional Approaches To HealthpMplaceshould be developed

that goes through the different ways of interpretation of the definition of "a healthy workplace'
according to the six regions identified by WHO.
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Abstract

According to the classical economic decision theory approagiman decisiomaking is
focused on quantitative aspects. This means that it is taken into account when determinin
economic processes and making forecasts so that a decision can be pure yes or purely |
However, most situations in our everyday life @ydtems (from economic behavior to social
sciences, project management models, etc.) cannot be described exactly by this logic. Sc
computing methods such as fuzzy logic, neural networks, or genetic algorithms can solve thi
problem. In particular, theris great potential in the introduction of fuzzy logic. The paper
provides insights into the development of decision theory, with a particular focus on the impac
of behavioral science in decision theory, and demonstrates the applicability of fuzzy sgstems
economic decision making

Keywords: Fuzzy inference, economy forecast, computing methods, risk analysis, behavior
economy

1 Chapter

As statedby to the classical approach of economic decision theory, human detiaking is
focused on quantitative aspects. The starting point for this is that the products and services on
market can be counted, so it is worth studying the laws of supplgtemend in this way. And this
model sheds light on exactly what the seller and the buyer aim for, which is to maximize utilit)
[1]. Taylor created the classical economic model based on the same principles [2]. In describi
decisionmaking behavior, bothr8ith and Taylor [2] first examined the motivation and purpose for
which producers and consumers participate in the interactions created by goods. The principle t
was formulated as a result of this was the principle of utility, that is, the principtiityf This was
defined as the ability of a person to meet his needs. In their view, the goal of the individual is alwa
to maximize his or her own benefit, that is, to achieve the full benefit.

As claimed by Smith [1], the process looks like the deaishaker can usually choose from
several alternatives. If these alternatives are implemented, they lead to some consequences or re:
and each of them has a defined value and pr
all outcomes for chaing a particular alternative is: 1. The decision maker has information about
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the alternatives and their consequences. The degisiork er 6 s abi l ity to
alternatives is extremely sensitive. In this case, the decision maker will prefaitéative that
provides the maximum benefit.

However, this view must be partially refuted by modern economic research, as it is sti
influenced by: the system of habits, the effect of competition, the effect of social institutions, th
difference in narket values. Furthermore, the fact that we are often unable to carry out a complicate
procedure mentally and in time also hinders everything.

According to the rigorous reinforcement model [3] to explain decisiaking behavior, we
need to explore the wards or positive outcomes that have led to the reinforcement of those
decisions in the past. In this sense, they are the most effective reinforcements that are as dire
related to the decision as possible. Confirmation is more effective if it hapjitansewain breaks,
interruptions. It is important to note that positive reinforcement is more effective than negativ
reinforcement in all cases.

The theory of bounded rationality [4] take
is limited in decision making. This theory also allows and accepts the sequential enumeration
alternatives that provide a solution to the problem. However, it excludes alternatives that a
considered inappropriate immediately and identifies new ones only bfterThis requires the
establishment of prdefined criteria and criteria, thus excluding an alternative if it does not reach
the specified thresholds. Due to the limited capacity of the human mind, we are unable to ma
decisions based on the principlealifjective rationality, thereby striving for a satisfactory decision.
The limitedly rational decisiomaker thus uses heuristics to help steer the search for alternatives il
a way in which we have a high chance of finding a satisfactory solution. As & oésu
overconfidence, one stops seeking information and thinking too soon, suppressing healthy dou
and making a hasty decision. Too little confidence, on the other hand, leads to procrastination.

The phenomenon of priority effect was first studied @48 by social psychologist Solomon
Asch [5]. It is a cognitive bias that makes it easier to recall and has a greater impact on informati
we have acquired earlier than we have learned later, regardless of its source or authenticity.

In our decisions, wetgve to minimize risks. There are different approaches to risk perception,
but what we have in common is that the undesirable consequences of decisions can be assur
however, these adverse events can occur and the context of the decisions is bas@ehmioas
about different realities.

Based on the risk perception of economists, both the negative and positive effects of
decision must be considered. And risk is the expected (negative) usefulness of &
undesirable consequence. The goal is to maxistzal benefits while preserving benefits,
reducing risks while using resources efficiently

Psychological approaches further increase the relevance of subjective judgment compar
to economic perceptions. They do this in three different ways [6]: on thhand, they try

to grasp why people do not make their risk decisions based on probabilities and expect
values. On the other hand, research has shown that even if they make decisions basec
guantified values, the probabilistic information, and thusribies, are still incorrectly
assessed. Last but not least, the perception of risk is greatly influenced by the given conte
This often causes inconsistencies in decisions. It can be said that psychological approacl
judge not only the effect but alsis probability and the way they are aggregated. The result
is a subjective expected value based on perceived probability instead of absolu
probabilities.

According to the anthropological approach, in addition to social influences, cultural
background als plays a role in assessing uncertainty and thus in taking risks. According tc
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this approach, the definition of adverse events, the perception of uncertainty, but eve
reality is the result of social embedding. In their research, Douglas and Wildavébyrid]
that peoplebs reactions are reflected i
based on this, they may belong to the center or periphery. While the former is mor
acceptable to individualist and hierarchical value systems, the dattecharacterized by
sectarian culture, pessimistic vision, vulnerability, and increased sensitivity to risk.

In the sense of the above, it is worth investigating the model ability of subjective decisions usir
classical fly computation methods, suchths Fuzzy [8][9] logic. For the subjective decisions
presented in this case, there are not two states, and even multiple membership functions can be
to model the outcome of a system. Similarly, phenomenological models can be fitted to existing de
usng the secalled black box method. A function relation between input and output data can b
searched for that describes the relationship between the two well. In these models, even qualita
attributes, in my case decision outcomes, can be interprferedxample by using Dummy [10]
variables.

It is also worth exploring other methods to model subjective decisions, such as biologicall
inspired soft computing methods. The main lines of these methods are the fuzzy inference syste
neural networks, andegetic algorithms already presented. Since the objective assessment ar
modeling of behavioral economics has many difficulties due to the need to take subjectivity int
account, | would like to examine the adaptability of the abroeationed methods; in gaular,
Fuzzy Logic [11][12]. Indeed, this technique can be used to describe mathematically the human w
of thinking.

They can be used for decision and risk assessment in many areas of economic processe:
1988, Ponsard [13] published a comprehenstudy in which he examined whether the effects of
weaker rationality and the consequences of decisions could be described in addition to t
homeoeconomic model, instead of the two cla#tr positions. In his work, he presents three
examples of the usefudss of fuzzy: a fuzzy model of economic choice, economic calculus,
economic equilibrium.

In 1993, Domprere [14] presents a method in which social or even project costs can |
distributed using fuzzy decision theory, allowing, for example, optimal taxaaitoc or optimal
allocation of project costs.

Aliev [15] argued that many economic dynamical systems become inherently fuzzy due t
uncertain initial conditions and parameters. In his study, he considered an economic system a
humancentered and imperfdg informed multiagent system with a realistic representation based
on fuzzy logic, using fuzzy “ithen" language and fuzzy differential equations to model economic
agents. To incorporate the motivational input variables of economic agents into his heode
created a behavioral model of the agents using the fuzzy and-Bhyetiffe approach.

The prioritization of research and development (R&D) projects as investments iskanoweti
problem, complicated by incomplete and imprecise information on uheef profitability of
projects. Fuzzy techniques can also be applied in this area, as demonstrated by Hassanzadeh
[16]. Their research aims to develop a practical research and development (R&D) portfolio selecti
model that addresses the issue fiicient valuation of R&D projects while addressing R&D
uncertainty in portfolio optimization. Fuzzy set theory was used to capture and model the uncerte
project information. An example is also presented to compare these measures and illustrate
simplicity and applicability of the proposed approach.

59



Anett Forg8cs, Judit(ESBe®g)c s

2 Conclusion

In the course of the study, we have presented the current state of decision theory and
limitations of classical mathematics and economics for economic decisions. After the proble
statementwe presented several studies in the literature, through which we explored the valuab
opportunities offered by soft computing methods, in particular Fuzzy logic.
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Abstract

With the rapid development of quantum computers, the currently secure cryptographic protocol
may not stay that way. Quantum mechanics provides means to create an inherently secu
communication channel that is protected by the laws of physics and not by the computatione
hardness of certain mathematical problems. This paper is-tedonical overview of quantum

key distribution, one of the most wddhown applications of quantummyptography, a type of
cryptography poised to exploit the laws of quantum mechanics.

Keywords: secure communication, quantum cryptography, quantum key distribution, BB84,
entanglement

1 Introduction

Q-Day is coming! In a recently published Feature ariicl8lature [1], the author assesses the
threat Quantum computers impose on the cryptographic systems currently in use. Tl
aforementioned €Day refers to the day when quantum computers will have become powerful
enough to break the security schemes of the da

The safety of our communication systems today is based on mathematical problems that :
har d: Even if we had access to a super comp
in a reasonable time. The prime factorization (splitting a reuriiio prime factors) or the problem
of the discretdogarithm (a number theoretic version of the wklown problem of finding the
logarithm of a number) is hard because there are no quick or efficient algorithms to solve them. (
the other hand, if somae claims to know the result of such a computation, it is easy to check
whether that person is correct.

If the proponents of quantum computing are right, the situation can change overnight. Quantu
computers promise to be able to run algorithms that céve surrent essentially unsolvable
problems very efficiently. In order to keep our data secure, there are several strategies we ¢
implement. One way to go is pegtiantumcryptography Another approach is to make the delivery
of the key that is requirefr the decryption extremely secure: We could enroll guantum mechanics
to make the communication channel secure against any kind ofd@pgsng. If the eavesdropper
has nothing to decode, then it doesn't matter what kind of computer they have @ctbesaim of
this article is to give a netechnical survey of one of the contemporary methods: the quantum key
distribution. | hope to shed some light on the role quantum mechanics is playing in the process.

The paper is organized as follows: Sectios 8bout the very first system that utilized quantum
mechanics to secure a communication channel. This system is based solely on the Heisenk
principle. Section 3 describes systems that use entanglement, another feature of quantum mecha
to make chanrels secure. It is not easy to create and control the quantum systems necessary
successful operation. In general, complex systems are more vulnerable than simple ones. Fhe dey
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independent realizations of the protocols get rid of this disadvantagi:slitcessful deployment
does not depend on the inner workings of a device, only on the fact that the device functions
prescribed. Some solutions can even handle the case when the hardware is produced by
adversarial party. Section 4 covers someheflatest developments in this area.

In this paper, | would like to concentrate on the quantum aspect of cryptography. For classic
cryptographic terminology, please refer to any of the many textbooks available (e.qg., [4]). There a
a lot of technical sweyson quantum key distribution, e.g. [5] and [6], just to mention a few.

The idea of this paper came to me while |
magazine and the paper [ 23] by Nor b esRevieMy § 1
(Biztons8gtudomanyi Szemle).

2 Basic ldea: BB84

The goal of key distribution in cryptography is to share, in a very secure manner (no expense
spared), a small amount of information in order to use it as-éirmeepad to code and decode much
more information later, still securely. It is assumed that the communicating parties did not share a
secret information beforehand: They have to rely on the presently shared key if they want
communicate securely.

In the case of quantum key distributidthe communicating parties recruit quantum mechanics
to make sure their key is distributed safely. The first paper on quantum key distribution wa
published by Charles H. Bennett and Gilles Brassard in 1984 [2, 3], hence the designation BB84.
usual, weare going to call the communicating parties Alice and Bob, and the eavesdroppin
adversary will be called Eve. Alice would like to share a key with Bob only in order to communicatte
with him securely. To do this, she is going to use a quantum and a dlaksicael, but only when
the protocol indicates it. There is no communication between them outside of the protocol. Tt
quantum channel uses quantum bits, bits that behave observably according to quantum mechar
The classical channel uses conventionaksical bits. Those two kinds of bits behave very
differently when we ask questions to them.

One way to picture a bit is to consider a dial with a pointer. There are a lot of different ways t
represent the values 1 and 0 on such a dial. For exampfmittter could point north (up) or south
(down), and these positions would correspond to the value 1. Or it could point to the east or to t
west, corresponding to the value 0. Another way to express these values on the dial is to assign
value 1 to paiters pointing nortleast or souttwest and the value 0 to pointers aiming navest
or southeast.

Suppose Alice prepares a classical bit using this representation (the dial and the pointer) ¢
sends it to Bob. Bob has two masks: One, called Rectil{i®dawith slits oriented north/south and
east/west. The other one, called Diagonal (D), with slits oriented-eastfisoutiwest and north
west/soutkeast. If Alice sends a dial with a pointer aimed north and Bob uses the Rectilinear mas
hecanreaddu t he value of the bit, which is 1. I
All he learns is the fact that he used the wrong mask. At least he learns something, even in this c:

Now, suppose Alice prepares a quantum bit using the same kieghreflsentation as before,
only this time the dial and the pointer are quantum. She, again, sends the bit to Bob. The set
masks Bob possesses is the same as before. If Alice sends a dial with a pointer aimed north and
applies the Rectilinear mashe will get the correct value of 1 every time. That is, if Alice keeps
sending the same dial prepared in the same way again and again and Bob keeps applying the s
mask, again and again, he is going to get the correct value every time. But if Bob tbasscthe
Diagonal mask, he will get a value: It will be 1 approximately half of the time and 0 the other hal
of the time. This is the consequendé¢he quantum nature of the bit. If Alice sends only one quantum
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bit to Bob and hean choose a mask ftgethen there is no way for him to know, at this point,
whether he got the right result or used the wrong mask and got a meaningless result.

How can this phenomenon help us to achieve our goal of creating an inherently secure way
communication? One awsr is the BB84 protocol.

The process begins with Alice creating a sequence of n random bits. Part of this sequence v
form the key at the end of the process. She creates another sequence of n bits and uses this se
sequence to choose a representdtioreach of the bits in her first sequence. For example, each bit
of value 1 in her second sequence means she is going to use the Rectilinear representation (i.
representation readable correctly using the Rectilinear mask) for the correspondingdifirst
sequence. Similarly, a bit of value 0 in her second sequence will correspond to a Diagon
representation readable correctly by the Diagomask.

Suppose Alice obtained twelve bits on her first run and another twelve on her second run. Figt
1 shows the first steps of the protocol. Alice decided to use the north/south pointer to represent:
value 1 in the case of the Rectilinear representation and the northeast/southwest pointer to repre
the same value in the case of the Diagonal reptaten.

Alice’s random bits 1 0 0 0
Random bits for rep. 1 1
Type of rep. R R

1 <

Actual rep.

e/ R=l
N Dol -

1
1
R
!

N| Do)
Vdie/i=]k=!
/| Olo|o
==l

1

o 1 1
D R R
' = e

Figure 1.First steps in BB84 protocol.

Next, Alicesends her representations via a quantum channel, for example, viadfilzecable
using photons, to Bob. Since Bob doesndt ki
bits, he createsvelve (ingeneral n) random bits and chooses masks accordingly. For example, i
the bit he got is 1, he is going to use the Rectilinear mask and the Diagonal mask otherwise. Fig
2 shows the result of hdecision

Alice’srandom bits 1 0 1 0 O 1 0O 0 0 1 1 1
Random bits forrep. 1 1 0 1 1 0 0 0 1 1 0 0
Type of rep. R R DR R DDDDRRD D
Actual rep. ] « 7 o o /7 NN e s s
Bob's random bhits 11 0 1.1 1 O 0 1 0 0O O
Type of mask R R DR R RDDIRDDD

Figure22Bob 6s measur ement s.

Where the actal representation and the mask type coincide, Bob gets the correct value evel
time. If there is a mismatch, the result will be random: about half the time, Bob sees a 1, and t
other half the time a 0. Once Bob is done with the inspection, the comningipatties use a
classical public channel that is susceptible to eavesdropping but not to any kind of modification
the communication. They compare the types of representation Alice used with the masks Bob us
They keep those bits where the mask meddahe type (Figure 3).
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Alice’s random bits 1 010 0 1 0 0 0 1 1 1
Random bits forrep. 1 1 0 1 1 0 0 0 1 1 0 0
Type of rep. R R D R R DD DRI RD D
Actual rep. ] © Vv o o 727 NN e s 7
Bob'’s random bits 1 1 0 1 1 1 0 0 1 0 0 0
Type of mask R R DR RRDDRDD D
Received bits 1 0o 1 0 0 O O O 0 0 1 1
Bits to keep ok ok ok ok ok ok ok ok ok ok

Figure 3.Bits to keep.

Finally, Alice and Bob have to make sure the quantum channel they used was not compromise
In order to do this, they could share with each other some portion of the kept bits and see how me
of them actually matt If the amount of mismatched bits exceeds a certain number provided by
models where Eve performs optimally (see [7]), then they should consider the channel to |
compromised and throw away all the bits: Every bit which Eve interacted with has a chaece to
corrupted and could contribute to the tally. If the number of mismatches is low, they can use tt
remaining bits as a random key.

Even though the protocol is unconditionally secure [8, 9], its physical implementation opens u
possibilities for attackig the system [10]. In response to this observation, researchers started to wo
on deviceindependent realizations of these protocols. The last major section of this paper gives
overview of some very recent results.

3 More Quantum: BBM92, E91

The BB84 pro o c o | is based on Heisenbergds unc
observedsystem and the Necloning theorem. There is another feature of quantum mechanics tha
can help to make a quantum channel secure beyond classical security.

Entanglemenin quantum mechanics is the idea that parts of a quantum system can be relat
beyond any classical connection. One way to imagine this is to consider two coins that are connec
in a nonclassicalway as follows: If we flip one of the coins and get heaklsn flipping the other
coins will result in getting a head, too. The same is true for the tails: If we flip one of the coins an
get tails, then flipping the other coin will result in tails. The two coins either will show two heads,
or they will show tve tails, never one head and one tail. If we take two such coins, that means tw
coins that are connected in such a-otassical way, far away from each other, they will retain this
property This idea has bothered Albert Einstein and, along with two ®fcblleagues, Boris
Podolsky and Nathan Rosen, suggested a thought experiment to point out that perhaps quan
mechanics is not complete. What was then a thought experiment is now a routine process in phy:
laboratories. A quantum bit pair that possedbés kind of norclassical property is often called an
EPR pair.

In [11], Artur K. Ekert introduced a protocol, now referred to as E91, that was based ol
entanglement The method wused Bell 6s <lassicalrcern@ationw h
resulting from entanglement and hence provides a way to measure it.

The protocol works like this. A trusted provider of EPR pairs sends one of the bits of this pai
to Alice and the other bit of the same pair to Bob. All the pairs are prepared in one of the fol
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preferred states; for example, the bits are perfectly correlated. Using the dial analogy of the previc
section, if we looked at one of them and found that it paintth/south, then measuring the other
will reveal that it also points north/south. Or, if measuring one of them showed that it is pointing
east/west, then measuring the other one would show that it is pointing east/west, as well.

Both Alice and Bob havénteethree masks. For the sake of simplicity, we will refer to masks
using only one of the directions of any pair of directions. Alice has one pointing east, one pointir
north-east, and one pointing north, while Bob has one pointing +eash one pointig north, and
one pointing nortiwest. They choose a mask for each observation independently from each othe
and from their previous choices. They perform the measurement on the bit that they have recei\
and record the result along with the mask theydusgnce they are done with all the planned
measurements, they announce their mask choices on a public channel that is, again, susceptib
eavesdropping but resists all kinds of tampering. They divide their results according to their ma:
choices: One grup will consist of those measurements where they used the same mask and the ot
where they used different masks.

Next, they revealed their measurement results for the second group, where they used differ
masks. Based on these results, they can ctantbe correlation between their measurements. If Eve
tries to interfere with the process by manipulating the entangled pairs, the computed correlation w
deviate from the number prescribed by quantum mechanics, hence revealing her presence.

In [12], Ch.H. Bennett, G. Brassard (of BB84 fame), and N. David Mermin showed that the
protocol (termed BBM92) works even without
information during the distribution of the EPR pairs to Alice and Bob because informaemdt
exist prior measurement. Her interference would amount to a modification of one of the quantu
bits of the pair. But that results in observable correlation loss and reveals her presence.

One way for Eve to eavesdrop on the communication is togsoae EPR provider and secretly
entangle the sent pairs with another quantum bit available only to her. In the paper, Benne
Brassard, and Mermin show that even in this case, Eve cannot gain any information witho
detection: In order to avoid directtéetion, her quantum bit necessarily has to be disentangled (in
other words disconnected) from the pair sent out to Alice and Bob. Any extra entanglement wou
show up in the direct measurements.

Moreover, it turns out that the entanglembatsed protocdBBM92 is equivalent to BB84 if
the measurements are immediately performed, as the quantum bits arrive, by at least one of
communicating parties. In the case of an entangledn&sed protocol, if the measurement is
postponed until the key is actuallgeded, then any tampering with the received quantum bits can
be revealed later. For example, if a burglar breaks into the office where the received bits are sto
and changes them, their act will be revealed during teasarement. This is not true foB84
because the information stored by Alice is classical.

4  Device Independent Realizations

As mentioned before, in1p], the authors point out that since the quantum protocols are
implemented using physical devices, these devices are vulnerable to dbcesty. In the case of
an entanglement based protocol, it is possible to achieve security even if the device w
manufactured by an adversary as long as the device behaves as a true quantum mechanical de
As it was mentioned in the previous sectidme taws of quantum mechanics prevent Eve, the
adversary, from gaining information about the communication in a stealthy way, that is withou
revealing her presence.

If Alice and Bob would like to use such a device to communicate, they have to makeasure th
it behaves as a true quantum device. This can be achieved if the device allows two kinds
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behaviors: keygenerating mode and testing mode [13]. The communication between Alice and Bo
is divided into Ar oun d&genératingEcatcoha testing nowhd. o one bfd
the implementations ([14]), Bob decides with a certain probability if the round is-gekeyrating
round or testing round and conveys his choice to Alice. In thegkegrating round, Alice and Bob
use a protocol like E91r@ simplified version of it to create bits for the future key.

In the testing round, they play a game. It is called the CHSH or Cidisere Shimony Holt
game [15]. The game is played by two cooperating players, and there is a referee, usually cal
Chalie. The players, Alice and Bob, are not able to communicate during the game, but they c:
agree on a strategy in advance, and they can have a shared EPR pair since it is not possibl
communicate directly via the pair. Charlie chooses two numbershdteses the first one to be O or
1 randomly with the same probability, and he does the same for the second number. Then he se
the first number to Alice and the second number to Bob. After receiving the number from Charlie
Alice responds with a 0 or adccording to the chosen strategy, and Bob does the same. Charli
performs the logical AND operation on the two numbers he sent to the parties and the additi
modulo 2 operation on the received results. If the results are the same, Alice and Bob won.

Inthe cl assi cal | ocal version of the game,
75% at best to win the game. If they use the EPR pair by measuring it, they can increase t
percentage to about 85%. If the EPR pair is fake or compromisedhtiewinning chance will be
less than 85%.

Eve might be eavesdropping on their communication, but that would be alright: In the case
the CHSH game, there is a way to deduce at most how much information is leaking to Eve based
the reduction in winnig probability. If the amount is acceptable or they have ways to work around
the problem (e.g., privacy amplification, see [14, 16, 17]), then they still can distill a key that i
unknown to Eve.

It seems the researchers have finally overcome the chalpsgel by the level of currently
available technology: The papers [14, 16, 17] appeared at about the same time announcing
implementation of truly devicendependent quantum key distribution.

5 Conclusion

Thereare a couple of interesting questions thatweald ask. What if guantum mechanics is not
always valid, or there is some kind of pgsiantum physics that allows members of a more advanced
civilization to eavesdrop on us. The good news is that, according to Jonathan Barrett, Lucien Hart
and AdrianKent [18], all we need is a physics that does not allow faster than light communication

I'n this paper and throughout the I|iteratu
representationo or fABob c¢hoos e®independensdadces? W
What if superdeterminism is true and all our current choices are dependent or correlate
Superdeterminism [20] is a loophdlen Bel | 6s t heor em, and of ¢
Bell already acknowledged it and addresedquestion in [21]. The debate on this issue is ongoing
but seems to have little effect on the everyday physical models.

6 Summary

Quantum computers, when they arrive on the scene, will pose a real threat to the cryptograp
protocolsof today. It is goodo know that the same technology can arm us with solutions that can
retain the security of our communication networks which are so important in our lives.
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Abstract

The principles of reliability and quality are even more critical in the automotive industry.
Suppose the aim is to maintain this in a way that is also useful in mass production; a statistic:
method has to be chosentihis case, in connection with heat treatment, the results of which can
be stably maintained and validated under the given conditions.

In the introduction., the conditions of use are described. Then the chosen material is introduce
Finally, the input datare also important for the functionality of the resulting statistical method,
the origin of which is also explained

Keywords: quality, heatreatment, statistical methods

1 Introduction

The foundations of a weflinctioning quality system are signifidén determined by the
processes that operate in the backgraanehich quality management and quality assurance operate
in a given organizational unit.

Depending on the companyds operationand tl}
specified tehnical and statistical relationships and exclusions.

But to be specific already during the introductidior example, the procedure examining the
results and effectiveness of heat treatment cannot be repdiatbds cannot be subjected to
statistical pocess control. Nevertheless, there is a statistical method that has proven useful in t
examination of correlation.

First of all the role of the material and componé&htetailed, whichwill be tested and the
significance otheiruse.Then thecircunstance®f the analysiare describedts tools and methods,
and finally, the significance and efficiency of the resualte presenteith the case ofnass production.

2 Literature review: the determination and selection of the material of the
component andthe heat treatment process

Nikolaus August Otto (1832891) is associated with the invention known as the-$tnaoke
engine, which is stillextremelywidespread, regardless of the various fields of application and
functionality, taking into account thelaged mechatronic and vehicle technology principles. Only
valves are used in internal combustion engines to draw air and discharge combustion prbducts.
control unit consists of one or more camshdfistwo-stroke engines, the camshatft rotates at the
same speed as the crankshaft, while at four strokes, the camshaft speed is half the speed of
crankshaft. It controls the movement of the valves using the cams on theT$laaftvorks by
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pushing down the valve lifter when the cafthe rotating shaftouchest so that the valve opens.

A spring will tense the valve back to its original position when the cam is tubwihg one
revolution of the crankshaft, the piston returns to the same extreme paositiencylinder, so two
strokes per intake of éhcrankshaft are obtained, eitlietakeand compression or combustion and
exhaustFor the cam on the camshaft to open the valve only once in four strokes, the camshaft mi
rotate at exactly half the speed of the cranksfift.

The material (1.3505) is. chromium alloy coldwvork tool steel with high hardnessear
resistanceand relatively easy mechanical handlifigis usedfor the productionof bearings and
other pressure and frictienesistant components that are subject to high stresa ) lfetime,
which can be adjusted with the appropriate process to meet the requirements of th€heuse.
structural properties of steel change when mixed with different alloying elem&ntsom
temperature, steels generally have the following fabric stregfor equilibrium cooling, depending
on the carbon content: ferrite, perlite, secondary cementite, and ausi&eitiawer limit of the
austenite field is suppressed by some alloys while other alloys ltwgkdt, thereby promoting the
appearance ogfrite at room temperature without a perlite transformafitnus, the alloys can be
divided into the following two groups: ferriferming and austerétforming alloys. In the case of
ferrite-forming alloys,some alloyseduce the transformation temperat{Cr; Zn).As for steels,
the austenite former is C which reduces the fefdtening effect.As the C content increases, the
pure ferrite fabric structure can be obtained by combining it with as many fermiténg alloys as
possibleC also increasdse yield strength of the steel and reduces the appearance of cof@psion

The experiment presented below was carriedvattt the induction hardening proceskhe
composition in the structure of the material did not change during the heat treatmess pndere
the surface of the material was hardened.

3 Material and method: setting up the heat treatment process

In order to ensure the quality of this heat treatment process in mass production, the giv
machine manufacturer has developed a system thamneah the customer's needs, including the
principle of durability, with the help of optimized cycle time and proper machine maintenance.

To examine the results with a statistical method, the input data receivedteaffsringwere
necessaryor statistichanalysis.For the data to be objectively measurable, wet sanding is applied
to the alreadyemperedhieces.Sandpaper containing silicon carbide grains, attached to avhisc,
supplied with a stream of water so that the vacuum created by the cenfofegat the site of the
precipitating water pshes the abradant against the disg smoothei. This water strearwasused
to remove detached grains from both the workpiece and the grinding wheel [3]

In orderto outline and makéhe emperingprofile visually illustrated, it is neede etch the
polished surface. Etching is the treatment of polished surfaces with a selittiatifferent effecs.
In this caseit is a solutionthat dissolves lespreciouscrystal grains only, thereciousones only
negligibly. After the etching process, the etched or-norroded surfaces can be distinguished quite
well, as the former can be visualized as a darker surface under a micrdscopmparisonthe
latter can be visualized as a lighter surfadewe speakof crystals with the same structure
(homogeneous), then they are equally corroded so that only the boundary line of the cryst:
dissolves Thus it becomes visible under a microscopic imdgering the mentionedetching
process, the Nital (98% ethyl aladi+ 2% HNO3) is charged to a vesglkn the grind is immersed
andmovedfor the required etching timén the present case, this means only a few seconds, but if
the etching time is not known, it is necessary to observe the change with the naktiegarface
of the piece is clouded or darkened, the etching must be stopped. The etching time is also determi
by the resolution of the microscope after the etchBygdefinition, if a lower quality microscope
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available a stongegtchingis required Wash the etched surface with plenty of water and then with
99% ethanol and dry in a stream of warm air.
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Figure 1. Phases of quenching and the forming fabric stru¢djre

The specimen madef steel placed in an alternating current condyatore precisely in its
forcefield, heats up due to the magnetic (hysteresis) and electrical (eddy current) losses in the fol
field, an essential condition of which is thhe coil that operates as a conductor encompasses the
steel pieceTemperings even determined by the frequency, as the higher the frequency, the less
is able to penetrate the cortex, so the thickness of the warming cortex is smaller (skinTéféect).
resulting heat buildip caused by the high heating rate and the skin efésttsnto be cooled, which
can be done with water or an aqueous solution. In practice, this coolant is most often the cooli
water used to cool the inductor, as in our cf&e.

Firstly, the course of the curve denoted by the numliestudiedIt shows vell that it is outside
the realm of martensite formation due to its slower course as a logarithmic function of time and ev
does not form benité only ferrite and perlite. This ferritperlite fabric structure is illustrated by
the highlighted area in ure 2 (a), where it can be seen thateraperinghas taken place in this
highlighted areaAs a result of this cooling flow, the intensity of cooling during the available time
was not sufficiat for the formation of the martensitic fabric structure. Qaering the rurdown
curve no. 3, benitenust be obtainedh addition to the ferrite and perlite structural elemewtgh
the occurrenceof benite, we are well on our way to develgpa fully martensiticfabric, but this
cooling intensity, which is twicas high as before, is still [o\Z]

The explanation for how we were able to get closer to the martefiagitic structure thusthe
formation of benite, is as follows: if austenite is cooled back more vigorbesieen 508 0 0 A C
the mechanism changas needlshapecdrystallitesappearHowever, carbon still diffuses out of
the supersaturated ferrjitand thus the ferrite needles are surrounded by tiny cémeligcs.
However, since the growth rate of ferrite is higher than that of diffused cemeéngncircles the
cementite disks and forms benite, which is essentially formed from cementite disks, representi
their dispositionembedded in a ferrite bagé]

If,without diffusion conversion, the austen
(upper critical cooling rate), a martensitfabric structure is obtained as a result of the
transformation The result of this can be seen in part cjhaf diggram, wheras a result of curve
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number 1 of diagram,the martensiti€abric structure was formed, which was previouséy aour
goal. This result was achievday tripling the initial cooling flow rate. [4]

Feliilet

a) b) <)

Figure 2. Transformation of fabric structu(e0x amplification)

During the 1000x magnification, a decrease in the pdalitec structure and more remarkable
appearance of beniteere experienceds well as the onset of the formation of the marterfaibiic
structure. Many black particles veevisible, which are essentially cementite, as they appear in the
raw material, and then transformed intoriterand perlite Furthermore, a small amount of benite
can be observed, botartensite is not present at dlhis level offabric structure analsis also shows
well the formation of the martensitigbric structure shown in the far right imagdter all, the black
spots within which the white carbides appeared, so it can be concluded that the details visualizec
little black spots are not theraa as those seen in the previous two images, as they may be mor
likely to result from etching activityThe obtained data (energy level, surfaaedness (HRC), and
depth of hardnes@iV1) datg were used as inputs of the results described in the netidrséaor
analysis by ANOVA and regression analysis methods.

4 Results: Ensuring the quality of the heat treatment process using
statistical methods

ANOVA (F-test) method was performed at a significance level of l#itab programwas
used the null hypothess is that the three groups are from the same population, and the eountel
hypothesis is that one of the three groups is not a member of the same population as tféhethers.
counterhypothesis was confirme@hus, the null hypothesis is rejected becahsevalue of P is
less than the confidence level given above (alpha = 0.05).

The measured dataere also examineth connection with the depth of hardness using the
statistical method of regression analysith the Minitab programUsing Rsq, we can gedn idea
of the extent to which the formula describes realityis can only be considered as an estiomatr
a guideline and is not in itself sufficiemlthough its specific level of goodness is not defirfed
the most part, it is still believed than Rsq value above 70% is quite godthe value ofR-sq
indicates the rate of error in the total standard deviafibe.smaller the error, the larger tResq
is. The error is the average of the distances measured from the regression line at eadhgoint
equation of the theoretical line can be considered satisfactory if we find 90% of the points withi
the confidence limitdn our case, th&-sq(adj) value is above 90%recisdy 92.9%, which means
that the error is less than 10%he value oP is less than the confidence level given above (alpha =
0.05) Therefore the null hypothesis is rejected heteo, asthe changén the energy level has an
effect on thehardnesslepth.[6]

The scatter diagram also shows the confidence interval (Cl), vehilba dashed line around the
regression line in green. The regression line estimates the average of the data points from the san
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from which it follows that the range of the mean of the population becomes known, but we do n
know exactly where. Howevgthe prediction interval (PI) indicates in which range each point in
the population will fall around the regression line.

Fitted Line Plot . .
- Fitted Line Plot
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Figure 3.Regression analysis (with Minitab)
Depth of hardness, Nose (left) and Surface Hardness, Base (right)

The formula forcalculating the deptbf hardness base side is as follows to determine the
desired energy level:

470,9 + 85,77x BD Q)
where BD is the depth of hardness of the base side.

Overall, the averages of the data series comparedatifignd the resulting etions (located
at the top of the Fitted Line Plot diagram) yielded a good result based on the regression-analys
except for the surface hardness nose side datre further tests for yield stress are requifegit
was mentioned, thicould bea searate test topic, as it can be affected by many features of the
device (some possible reasons are the state of the inductor, the interaction with electromagns
resistance, which may explain the difference between base and nose, and the hystergdés princ
cannot balisregardecithel). Furthermore, it is important to emphasize that the material structural
properties limit our room for maneuveand the result will not change equally in different segments,
as, for example, our material cannot teenperedindefinitely and, as | mentioned earlier, other
factors, even mechanical ones, affect our efficiedtys, in general, data obtained as a result of
more complex statistical studies may not be valid in all cases and should be treated with cautic
There ae ranges where the values change almost linelarlgther rangeshese data can even be
homogenous.

5 Conclusions

The form and type of heat treatmemeédetermined by the size, typend quantity of the piece
to be emperedindividual or serieproduction) and of course, the issue of economic efficiency
and return, which is moving our globalized world as the cornerstone of the corporate culture.

The summary of the above practice and its implementation in production will be formalizec
within the framework of a welknown control plan to ensure quality, which should take into account
the errors encountered during the experim&ht tests can be used to determine the following
cornerstones, in line with the use of these quality tools, to ensstencer satisfaction and quality:
by checkinghe inspection othe symmetry of theemperingprofile, thesurfacehardness, the depth
of hardnessand thefabric structure

The aim was to define a result that would ensure the stability in mass prodiectieach
component type that could be provided latertliis paper, only one type is examihéd the light
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of the quality requirements that were achieved with the help of the correlationTdtedonditions

and production parameters can be ensuredramdtained as a result of my examinatiblowever,

the basic structure and properties of the raw material may change, due to which it is necessar)
examine the results of the heat treatment andetmpered componeiin a daily basis using the
inspectionplan method. If anything else.(g, criteria, customer expectations, production machine)
changes, it is necessary to repeat the correlation test predantaid. process, it is not enough to
find a suitable value, but it is also necessary to pattedraaalyze ovehardened and improperly
hardened pieces to draw therred conclusionln addition to the Minitab softwaréhe method was
alsoimplementedn an MS Excel spreadsheet with macros, in which, after entering the input dat:
(energy levels, deptof hardnessandsurfacehardness), theequireddatacan be obtainetb set the
production maching maintain the desired quality of mass production.
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Abstract

This article presents the systems and solutions already available in the industry; these syster
enable the monitoring of drivers amdhicles. However, it is not just accident prevention and
increasing efficiency that is the goal. The central element of the system is the person himself, i
this casethe driver. An important aspect is monitoring the general state of hieditgtingthe
shortterm changes that cae lobservedin addition, the analysis of the leadership style and the
behavior during the activities play an essential role, which also includes the leadership dynamic
and mental state. These are to relieve the driver applost him with sensory solutions. As a
result of all this, the driver's workload is reduced. As a result, he is expected to handle situation
requiring immediate intervention, quick decisions, andbaetitions more effectively. That
reduces the number afccidents and the health of driveesxd the condition of vehicles in
circulation.

Keywords: accident, monitoring vehicle drivers, critical traffic situation, driver behavior

1 Introduction

People are spending more and more time in or on vehiclégfportation and commuting.
Thatis especially true for road transport, which has increased re¢ghtl¥ithin the framework of
the present paper, the systemd solutions already available in the industry will be explored, which
will enable the monitoring of drivers and vehicles. However, it is not just accident prevention an
increasing efficiency that is the goal. An important aspect is monitoring genetél. heal

In addition, the analysis of the vehicle drivers' style and the behavior during the activities pla
an important role, which also includes the vehicle drivlrsamics and mental stgtg.

1.1  Systems for vehicle drivers monitoring

With the development of vehicle manufacturing, one's responsibility for driving a vehicle is
increasingly being pushed out. With the help of various safety, draseigtanceensors/systems
can support drivers in many waj@j.

1.2 Driver assistance solutions

Driving aid systems and the vehicles equipped with them have been spread nagidhedast
decade. The ambitious goal is to significantly reduce the number of road accidents in the3ext 20
years, but there are still many challenges to be overcome.

Driving support systems fall into active safety, as they are designed to preuiigns[3].
They implement these functions by intervening in critical situations (before human intervention)
for which there are many different solutidd$.
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1.3  Special solutions for monitoring

Eye-tracking

Eyetracking is a procedure in which the subject measures where the head is turned or the e)
movement relative to thieead is examined. There are many ways to capture these movements, b
the most popular is to capture the movement with cameras and have a computer extract the
position from the video.

1. Figure Contrasts the pupil and thestef the ey¢5]

Modern technology

It can be used modern technology, a Finnish health technology, best known for the Oura Ri
(stylize d  &u mmajt ring aised to track sleep and physical activiidsor use any other
smartwatcholar, Suunto, Sigma, Timex, Garmin, TomTom, AppleWatch

2 Figure Oura RT7ng (stylized &L

Al -based vehicle drivers monitoring

The need for advanced safety systems in vehisle®re important than ever. The developers
would like to design a system that helps drive safely. Irdetes the direction of the user's eyesight
with the help of a single lowesolution camera or even an infrared camera. Aradythe eye gaze
makes it possible to predict the driver's next enaser This provides an opportunity to alert the
driver beforefatal collisions mighbccur[8].

3. Figure Atbased vehicle drivers monitoring
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2 Examining a driver's behavior under a critical condition

The essence of the measurement is to prove that the tools and possibilities presented above
be suitable for monitoring managers in everyday and criitadtions.

The current article examined the critical condition while driving aka® under racig
conditions. The location of the measurement is the HuniggrGo-Kart Track. Measurement tools:
Kalenji heart rate monitor and Garmin Fenix5s heart rate monitor with GPS tracker.

The direction of the race is shown in the attached picture. During the measuremerQthree
minute races were recorded, in which the first took place under wet conditions, the second unc
semidry conditions, and the third under dry conditions. The dumadf the entire race is 2 hours,
during which the asphalt dried due to improved weather conditions. The vehicle used for tt
measurement was a SODI GR4270 cc, 1ehorsepower Karting.

1.

4. Figure Hungaroring Karting place

On themap it can be seen the trajectory and the route. Theaneddorange colors are faster
sessions, and the blue is slower. We measured the following fadémybts Velocity, Temperature,
Distance, Time, Laps.

2.1 Measurementi Wet Condition

There is the first measuremethiat happened iwet conditions. We measured the velocity,
temperature, heart rate, and height. The height didn't change during the test, so the diagram doe
include it.

5. Figure First Measureenti Wet Condition

On the first lap the heart rate is on the coradr., 2., 3. and 6. jump suddenly highére
maximum heravas128 bpm After the four heavier turns, the heart rate consistently rose the same
for the others, with no outliertn the middle session, the highest heart rate M&@sbpm
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6. Figure First Measurement, heart rate detectiowet Condition

The change in heart rate during the-rilhute race phase givesxcting results. Sudden
psychologicaland physical exertion on the human body results in outstanding pulse vaues
deviation of 20 bpm. However, getting used to the situation stebilhe jump valuesthere is only
a 510 bpm difference hereand then at the end of the rabeth the hart rate value and the number
of jumps decrease again.

2.2 Measurementi Half Dry Condition

There is thesecondmeasurement which happenedhalf dry condition. We measured the
velocity, temperature, heart rate, and height. The height ditkinge during thiest,sothe diagram
doestt include it.

7. Figure First MeasuremeritHalf dry Condition

On therace, it can be told that on every l#éme heart rate ien the cornes3., 4., 5., 6., 8.and
9. jump suddenly higher, the maximum hevas 124 bpm. The first part of the race was more
complicated than the 10 minutes session. Here the asphalt became drier, and brake distance cha
every lap. Interestingly, the 4., and®.corners seem like theast challenging corner in half dry
condition.

@Heart Ratey @ Temperature

AL T MWJ ””“\\W [

8. Figure First Measurement, heart rate detectioHalf dry Condition
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2.3  Measurementi Dry Condition
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There is the first measuremethiat happened irdry conditiors. We measured theelocity,
temperature, heart rate, and height. The heighttdidange during the tesghat is why the diagram

doesrt include it.

9. Figure First Measuremerit Dry Condition

On therace, it can be told that on every I heart rate is on the coragrmp suddenly higher,
butwhere the heart rate rises slightly in eaohner;the maximum heravas150bpm. The second
part of the race was more complex than the first session.

xj\ A

AT vt T

10. Figure FirstMeasurement, heart rate detectibiry Condition

Here the asphalt became dry, and brake distance changed. Interestingly, the heart rate was hi
than the wet and half dry measurements in the second part of the race. But also, the average
rate was higher than the others sessithis;is probablydue to fatigueand thepsychological and
physical exertion on the human body

l.measurement [Il.measurement Ill.measurement

Time 20:28 min 17:38 min 19:56 min
Distance 10.29 km 9.08 km 11,02 km
Calories 94 C 63 C 94 C

Avg Heart Rate 112 bpm 100 bpm 112 bpm
Max Heart Rate 140 bpm 124 bpm 150 bpm
Avg speed 30,2 km/h 30,9 km/h 33,2 km/h
Max speed 46,7 km/h 47,0 km/h 50,9 km/h

3 Conclusion

The wet condition racéhe speedandthetemperature were the lowest here, the heart rate values

were variableand the effect of heavier corners was well observed.
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The halfdry condition race'semperaturdbecame warmer than the previous race session with
no rain. The velocity increased slightly faster, 30,9 kraftg the maximum speed 47,0 km/neT
heart rate viaes were variableand the effect of heavier corners was well observed on it.

The dry condition race®mperaturdoecame warmer than the previous race session with no
rain. The velocity increased a faster, here 33,2 km/h, and the maximum speed 50 FEnknhéart
rate values were variablend the effect of heavier corners was well observed on it.

In summary, a smartwatch and similarly smart devices are perfect for monitoring drivers und
normal and critical conditions. These are comfortable to wedradont of data can be collected
from them, based on which tdeiver's condition{mental and physical) can be analyzed from many
directions. Many manufacturers are also looking to connect smart devices (PolarTeam Pro), so e
fleets can get informatiorbaut their current driver. From the data extracted and after analyzing the
condition of the drivers, everyomeceives the normal workload.
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Abstract

The COVID-19 pandemic is considered a turning point in many ways, and most countries
adopted unuslianethods to preserve people's lives. As a result of new waves, the best actior
was for the transportation sector was to continue using safety and prevention means at publ
transportationPT and stop stations. The study proposed measurements categ@eesdoa
mobility usage before and during COVD to assess the impact of the pandemic on passengers'
use of different modes of transport and travel activities studied with manyesmmiomic and

other personal characteristics.

Keywords COVID-19; Appliedrestrictions; Transportation modes; Travel activities

1 Introduction

COVID-19 pandemic is a global disaster. The higttyntagious variant types and the new
waves of COVID consider ambiguous; the fear of the future of the pandemic becomes like
nightmare for all countries. This paper will investigate the transportation and mobility sector in twc
categories; before COVHD9 and within the existence of COWI®. It is our responsibility to
assess the risks and impacts of the pandemic as the initiah iepning and making the necessary
decisions for a sustainable future, to correct some of our mistakes as human beings against mo
nature, natural wealth, and resources that we misused. The appropriate tools suggested here ar
frequency of usagdsom the respondent perspective in each category. We will dig more into safety
and security technology issues and reflect on research and development regardless of its fielc
domain.

The assessment includes the following:

A Investigate the used tooladamechanisms to reach a secure and safe transportation syste!
with a certain degree of sustainability.

Annalyzing the different modes of transport before and during CGMD
Annalyzing the different outdoor activities before and during COXYED
Risks and impact of COVIE19 crises on safety and security of the transportation sector.
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2 Literature Review

Many studies show significant shifts when comparing ppst of COVID-19. The preferences
were for private vehicles upon public transport madigsng the pandemicrhe mobility pattern is
strongly correlated with COVIEL9, socieeconomic characteristics, and applied restricfins
Some studies investigate the amotorized modes and how people started to prefer walking and
cycling over othemways; this brought the authorities to pay massive attention to infrastructure
suitable for such modes. Forecasting models for future prediction is not a regular and direct proct
during COVID-19 since safety and health are the primary concern regardlesgoissties. One of
the pioneer studies that investigated the COfwith post pre-studies in the transportation sector
assessed the characteristics of the outdoor trips of commute and discretionary activities and tf
relation with transport modgg]. A mathematical model had been created footeeéind during the
pandemicthe relation with passenger frequency of wses examinedAnother methdologyused
was Multiple Discrete Choice Extreme Value (MDCEV) models with specific pg@hslt is a
forecasting model related to traveling changes activities and modes. The importamntesofradel
is that it can be applied in other countries in the absence of forced CGO®¥/Bstriction. Two
regression moddK], [5], used to evaluate the transport mode selection for each outdoor activity
before and during COVIEL9 for developing countrid§]. The degndent variable was related to
the mode chosen artlde frequency for each activityA significant relationship was found between
some demographical and other characteristics that have been measured; for example, dul
COVID-19, the distance and the purpas the trip are significantly correlated with the importance
of the trip, there is a significant shifting towards walking, riding a bike and private modes o
transportation because it offers better performance. It is well known that public trénsport
sustainability will be in a critical situation, and the frequency of usage will continue to reduce, sc
applying reasonable restrictions with suitable levels of safety procedures and services that ena
travelers to keep a safe distance from each other uaytige trust in Public Transportati¢RT)
again. A critical study that investigated the restrictive measures was implemented in ten countri
around the world to make the necessary comparison through a survey that distributed during 20
to assess theffect of COVID-19 on the transportation sector, from respondents' perspective,
compared with before, as well asawaluatethe risks of catching the disease within each transport
mode and the effectiveness of the applied measurements irf@ado notforget that expert
opinions arecritical at this stage of the current pandeniibey can describe the whole picture of
the situation; even ith some uncertaintythey can alsevaluate transport system performance
compared to beforf8]. Most countries have agreed that the world economy is a crucial and critical
case during the pandemic, and immediate plans should be implemented to control the side effect:
soon as possiblevhether there is a "cure" in the near future orf@pt

Many studies showed that the wapfdransportation are strongly connected with the region, the
distinguishing features and mobility behavior as well mode choices for each journey vary from or
country to another, i.e., economy, population density, culture, and many other factors have
significant influence on mode choi¢&0]. Walking behaviors [11] were investigated using tracking
apps and online surveys during the COVID pandemic as part of different modd@e study
sample showed a slight increase in car owners, but an essential reduction in travel for
demographic group8The online survey classified the groups into the following samples:

A Motorized individual transport (car, mo
A Public transport (bus, tram, ferry, met
A Nmotorized transport (walk, bike)

The results showed that theeling using individual and nemotorizedmodes during the
lockdown had increased compared with the previous period.
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Carsduring thepandemic were preferred over public transport; this e@sfirmed bya
questionnaire survejt2] that containedhformationaboutthe mode of travel used for different trip
purposes, travel frequency, distenfrom home to reach transport mode or destination. Logistic
regression models consisted of five variables: travel time, cost, safety, avoiding crowd, and hygiel
The studies showed that delay, safety, speed, comfort, convenience, and trip flexéaitgemtial
factors for preferring a car over public transg@f], [14].

In the planning for sustainability, an initial step for decision making is to provide an analysis
for the financial situation and the effect on the private and public sectors and how to maintain al
keep services during the pandemic; the proposed §tddjooked for the variables that change the
mobility and travel patias during the COVIBL9 pandemic and investigate their long term effects
even after the end of the panden@n the other hand, to encourage peayhie have a work nature
that can not be done remotetiey should go back to work to use another alternatieele of
transport such as walking, cycling, or any other -natorized modes for th benefit of the
environmen{15].

To compare, a study with a questionnaire contairtirayel frequency data with many
demographic, economic, and social characteristics for the fpattelrns was conducted twice the
first study done one year before the COVIB The other study showed a significant difference in
mobility activities and modes of usage in April 2020 to see the most variables that affected tt
change in activities andansport modef 6]. One of the exciting results showed that online working
anddeliveries, not easy to use by older people, especially if they live alone, that will put them in
sole available solution which getting out of the holi%€], [18], to solve this problem, the online
services need to be more straightforward, more accessible and available all the time for older us

Enhancig the trust and passenger levels of safety and comfort during and after the pandemic
significant to maintain sustainability because the decision for mode usage is influenced by mal
physical, psychological, and mental issues which cannot lmeddrsirce it may affect transport
behaviorsand avoiding the use of Public TransportationFd].

One d the crucial studies that used regressions and hierarchy process to investigate the mc
shifting behavior of passengers after the pandemic by studying multiple scenarios, the thec
suggested that every passenger has some preference for choosingheithervious mode or
switching to the new one. This decision is subjected to several factors, but the implementation o
system whose priority is to provide safety, health guarantee, and security will help restore tt
confidence by PT12].

3 Methodology

The study used an online questionnaire, and the respondents were asked to chooserfitbm se\
alternatives, including demographical variables and other characteristics.

The study will address the following:

Arhe frequency of using the transportation modes for each activity before and during COVIC
19.

Auestions about users' points of vievoabthe future and digital transformation.
Arnhe applied restrictions on the transportation modes to control the spread of AQVID

Figure 1. below shows all types of transportation, motorized anemmorized modes, and
different mobility activities. Tie study for before and during COUD® includes many independent
and dependent variables such as gender, age, income, education, place of residence, distance,
of trips, type of mode and trips and outdoor activities, etc.
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The hypotheses assessed tegtdiency of use or change in frequency associated with each mode
and activity, as a causal relationship each time, including public, private, motorized, and nol
motorized ways in addition to activities such as work/ studies, free time, social actividiésran
essential and neassential shopping.

The proposed variables were analyzed mathematically using appropriate solutions and norn
statistical operations.
Activity study

Motarbiked|| TauilCar Bus! Walk
Private car With Subway/

L4

Charge A mobily

Activity A

Activit; k N N
owrael| Tadicar | o | wak | Motorbike/|| Taxi/Car Bus/ Walk
Private car|  With Subway! Private car With Subway/

R i - passengers| TramVtrain

Chenge A msbily i = 1
—  — < Change if]

Activity freeime

Motorbikel| TauilCar Bus! Walk
Privaia car With Subway!
P kLl ol I Mode A
Clizngs o mabiily
Activity study
Activity social and shapping mobility
eri‘)lorb\kei Taﬁ(,l‘iﬁar SE;NISI , Walk
vate car L Uk P
= Activity work / \
T T change ffmobiny | -: i i
| | E—— o . Change
Activity free-time in
Activity buy essential goods b mobility !
P | Wi | Sty | Activity social and
|passengers no shopping mobility
Clamg 1| matuily T 1 /
I — . Activity buy
essential goods

Figure 1.independent and dependent variabkesurce; done by the authors

4 Remarks andRecommendations

Many studies show significant changes when comparing before and during €0\travel
activities and transport modes. That was in the preference of private vehicles during the COVID
pandemic upon public modes mobility pattenvhich is considered directly correlated with the
spread of COVIB19.

A significant relationship between some demographical and other characteristics has be
measured. For example, during COVID, the distance and the purpose of the trip were
significantly correléed with the importance of the trip, whether it is an essential trip or not.

Previous studies before COVAD® showed that income levels and transport mode chosen are
firmly connectedAt the same timeajuring the pandemic, there is a significant shift talgavalking,
riding a bike, and private modes of transportation regardless of income level because it offers bet
performance for safety
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Abstract

In general, the inverse kinematic task of redundant robot arms cannot be solved in a closed for
equation. Although, for some special kinematic structures (e.g., Rty or SCARA robot
arms) there exists closed form solution, in many cases, especiatigdicndant robot arms a
differential approximation is used and the solution is formulated by the introduction of a
generalized inverse of the Jacobian of the robot arm. The solution of the inverse kinematic tas
is often related to optimization as fordumdant structures, usually it has infinite number of
solutions and an optimal one selected considering a set of constraints.-Rémoose
pseudoinverse is commonly used to solve the inverse kinematic task through utilizing Lagrang
multipliers for cost finction minimalization. Another common method is the Singular Value
Decomposition, which also provides solution without utilizing cost functions. These two
methods are commonly used in all kinds of applications, so they provide a good basis fo
comparisonlin this paper two further approaches are analysed which were recently introduced
One of them is utilizing the Grai®chmidt algorithm to completely evade the cost function
minimalization task, and the other one is utilizing a Fixed Point Iteration tal awairix
inversion. This paper compares these four solution methods of the inverse kinematic task throug
simulations to reveal all their advantages and disadvantages specially concentrating on the
behaviour near singularities.

Keywords: Redundant, Kimeatics, SVD, MooréPenrose, Grarsschmidt, Fixed point

1 Introduction to Modelling of Robot Arms

In [1] three levels are distinguished in robot modelling. In hierarchical order the first level is the
geometric model of our robot arm. The forward geometric@h of our robot arm describes the
position of the end effector as a function of the joint coordinates. To solve the direct geometric ta
many different solution types were elaborated over the years, some of them uses the Dena
Hartenbeg convention [ZB].

In this paper the direct geometric model of the investigated robot arm is formulated utilizing th
group properties of homogeneous transformation matrices. As is known the homogeneous matri
are used for the description of rotation around theimrignd a subsequent parallel shift.
Equation (1) shows that the upper I8&3elements of the matrix is a rotation matrix which rotates
around axise, with anglegn (joint coordinates of iaxis) and the right uppe2xZ elements form a
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vector describinghe direction and the magnitude of the applied shift based on the properties of th
n"segment {,).

(o NI S B o IR o7 oo o1
T p
O 0 N X gph Qi @D 1)
T p
Utilizing the homogeneous transformation matrix between each segm&nt the end
effectords position can be calculated as it

geometric task.
l ” SN r~ £ . 0% o o~ & ST i ” r . i
o 0P n,fiQhy, @Ot P f, g i, JO° nfiQ o;) on g, o'p 2
In the above equationdenotes to the position vector, pointing from the base of the manipulator
to the Tool Centre Point (TCP) ands the vector pointing from the lajgtint to the TCP (fig. 1).
The next level in robot modelling is the kinematic level, which describes the correlation betwee
the velocity of the end effector and the joint speeds. By applying the chain rule of differentiation o
eg. (2) andexpressing and utilizingfrom eq. (2),eg. (3) is obtained,
Lo y 2O kO] 10 2o O © E
n 1 an " Tan
g8 R0 a80 —0 880 :)'po , 3)
from which the solution of the differential forward kinematic task can be expressed utilizing variou

group properties of homogeneous matrices. In eg—3)"0 ‘O is agenerator or a tangent

of the Liegroup at the identity element ai®@ ——0O O O 00 is the

transformed tangent. Both definitions come from the geometric interpretation-gfdlips G). By
definition Y0 "Y 0, for symmetric, invertibled N matrix, “Ycan be interpreted as a
hypersurface inrae dimensional embedding space. On this hypersurface simple lines can be draw
"Q, N G using a single parametery s, from the identity matriXQ' G Calculating the first
derivative of Q, hwe get to'Q, "0, Q, ,inwhich"O, is atangent at the identity element,
which also is called generator of group since éach can generate a single dimensional line within
G. By multiplying 'Q, with 'Q¥ Gas™Q, h CQ, 'Q which alsois element of the group
"Q, N Gdue togroup proprties. IfQm "®we getQ, h 0Q, "Q and the generator &,
is"TQm k 'O "Q0Q , in which"Ois the generator of the origin&, group element. In conclusion
an arbitrary group elemef®™ Gand an arbitrary tangent ‘&f the group, generate a néangent
'O 00 which is called the transformed tangent. In eq. (3) the

0 —0O0 © O 0 0O "O transformed tangent has a very important
physical meaning as it describes a rotation of a rotational axis around a different axis.

Utilizing the transformed tangent eq. 3) can be rewritten as
i0 B RO o Oi o}
tragsformation matrices, from each matrix 6 independent elsmeam be extracted as

however, due to the symmetric properties of homogeneous

0 O O O O O © N g , which leads udo a simple set ofinear
equations as:

o b s Es 0 koA 4)
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Equation (4) provides the solution for ttiéferentialforward kinematic task as it describes the
speed of the end effectab© ) as a function of the joint velocities. Multiplying from the left both
sidesof eq. (4) with the inverse of the Jacobian |, we get to the solution of the inverse kinematic
task.

no 0 Jwo (5)

Equation (5) shows that fornene dundant case, where the roc
the problem can be solved very easily by calculating the inverse of the alacblowever, for
redundant manipulators, since the Jacobian matrix is -qunedratic
(O 8 0'Mi QOBME 6 & w&TLE Nithis solution method is netpplicable: we need the
use of some kind of generalized inverse an iteratve solution. Furthermore, redundant
manipulators can reach each point of their workspace with various joint configurations, so tt
inverse kinematic task might have ambiguous solutions and an appropriate one should be selec
In many cases this issue oives optimization.

2 The Solution of the inverse kinematic task

In this paper four different solution methods of the inverse kinemdadianalysed through
simulation programs. The simulations were made using Julia programming language [4]. In tl
simulation programs a 9 joints redundant manipulator was analysed, which had 3 prismatic (t) a
6 rotary (r) joints, in the following mannesofoh A i A A A . The last 6 joints had a PUMA robot
like structure and the first 3 joint can move the whole structure in X, y and z direction. This modk
was used as it can represent a conventional articulated industrial manipulatoewignrzl axes.

In eq. (6) inthe matrix Q each column represents a unit vector showing the direction of each axis
in home posmonr( ) of the analysed manlpulator The length of each segment is also collecte

inthe matrix 0 where,d TG TG OE W TG 8

T TP TIMTTMTMNP TP ammnmn T o0 YTV
Q mpnmppmnp nmhd nmanmnmmnnnunTnTn (6
p MO P M MMTTTT O a a a0 mmmnmmn
The kinematic structure of threbotis shown in figure (1).

Z A

v

Figure 1.Kinematic structure of the robot arm
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For simulation purposesrather complex trajectory was generated using the forward kinematic
equation of our manipulator and eq.(7), in whichi € 1Q parameters could be freely set.

n cB VBT D7)

Tracked trajectory - 3D u=0.01

3.0
2.5
2.0
15
1.0
0.5
0.0

X3[m]

1

Ne 3 =
xNom "'J[m] 4 2

5

Figure 2.Tracked trajectory in 3D space

2.1  Moore-PenrosePseudoinverse

As it was mentioned before redundant structures might have ambiguous solutions for the invel
kinematictask, from which an appropriate one should be selected. The internal redundancy of
manipulator can be used for various purposes evgidiag singular configurations [5], obstacle
avoidance in the workspace [6] or to minimize joint movements between two positions [7]. Thi
latter requires to optimize the cost functiBm o under constrainbp 2 @®o6  mwhich
is the solutionof the inverse kinematic task. Such problem can be solved by utilizing Lagrange
Reduced Gradiemhethod. However, according to [8], the whole numeric procedure can be evade
by using the Auxiliary Function of the problem in eq. (8).

On. BRO B_O2wodo Bu ;M (8)

By calculating the partialerivativesof this equation and rearranging it, we get to the following

results:

mn — ¢2 B_BO AOR - AL 9)

The obtained result can be substituted to eq. (4) and by calculating the invérsevefcan
expresse- and get to the solution of the inverse kinematic task using the MRmwmse
Pseudoinverse [9] shown in equation (11).

w0 -V BN LO_ ¢iun D N 00 (10)
Ao U NovR D N o6 0 A 3o (11)
However, a problem arises wheny matrix is near to singularityy( A®0 © ). In such case
very high joint velocities are required to ma¥e end effector on the desired path, in practice that
means a sudden and unexpected movement of the manipulator. To avoid this problem Levenb
[10] and Marquardt [11] suggested to slightly defdira inverse kinematic task by introducing a

smal | positive constant (&) in a way that w
in equation (15).
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s

no 0 nNovR D R 30 Jwo (12)
By correctly c¢ hwecsnavadkihematic singutadtiasshowevertit causes a
little error in nonsingular positionstoo. The simulation results shown below.

Nominal and realized joint coordinates p = 0.01 Nominal and realized joint coordinates u = 0.01

Iradlorim]
[rad)or[m]
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34— xomys apom Jr——

gt s, o feslys, el
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x1lm] x1[m]

Figure 3.Solution of the inverse kinematic task using Me&enrose Pseudoinverse

Figure 3. shows that usiniloore-Penrose Pseudoinverse for the solution of the inverse
kinematic task, a precise trajectory tracking could be achieved. Higher tracking error can I
observed around the 20@nd 408" simulation step, which can be caused by +s¥agular robot
configuration. However, this higher error is still within an acceptable range. In the simulatior
LevenbergMarquardt constant' { was used to resolve issues concerning singularities, which
deforms the task in the full region. Despite this deformation of tHe &#l precise trajectory
tracking could be achieved, it is because theonstant is selected, to be much lower than the
smallest eigenvalue ofid the typically not singular points.
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2.2  Singular Value Decomposition

Besides Moord?enrose Pseudo inversanother very popular tool for solving the inverse
kinematic task is the Singula¥alue Decomposition (SVD) [12]. However due to its high
computational need, at the beginning it was mainly used for offline computationso eugalyse
the dynamic propées of a robotic manipulators [13][14]. Later a new approach was presented
which takes advantage of the nature of robotics matrix calculations to obtain a computational
feasible algorithm for calculating the SVD of the Jacobian [15]. Nowadays alleseftdealing with
linear algebra, has an inbuilt function for the calculation of the SVD, including Julia programming
language.

Singular Value Decomposition means that any mairix'yY can be transformed to a
diagonal matrix using two orthogonal niets 6 2 6N 2
m m 8§ ™

, T ., m 8 m . s IS ,
m 8 T

The diagonal mat r i xX=diagé—FBE:-)) and fsom heye the solution t e

of the inverse kinematic tag&rmulates as,

] e, 7 010 3 s % o, ’ ) I N
5&, Oww ww, Y 0O° N1 w, Yo (14)
From equation (14) it can be seen, thatdhe “Yexpression has the same properties as the
0 . Multiplying eq. (14) withOk ™Y, @we can sethat this method provides accurate solution for
the inverse kinematic task far from singularitielowever, near singular positions

N 9 — Hb. To overcome this issue, a snfalkonstant is introducedand * © — T

This solution only deformsear to singular points.

o & £€i0'QE "QOE@H IQ

Y Oran | Qe Q@@ IQ
According to eq. (15) far from singulari@motion is realised. However, in singular case instead

the desired but not realizable speed, a different motion will be realized, accfdivgiy in which

“As a modified identity matrix (some of the main diagonal elements are 0 insteadAtif ih)all,

with this solution the inverse kinematic task deforms only near to singularity of the manipulator

The simulation results shown below.

Figure 4. shows that using Singular Value Decomposition for the solution of the invers
kinematic task, a precideajectory tracking could be achieved. Similarly, to the previous solution,
higher tracking error can be observed around th& 20d 408 simulation step due to singularities.
Comparing fig. 3 and 4 it is obvious that the two method has similar solstiche same trajectory
was implemented in the joint space also. Both SVD and MBereose pseudoinverse provide a
solution howeverthe cost function minimalization can be evaded using SVD. However, it is worth
to mention that for the S\Vibased solutio slightly higher tracking error can be observed. The
difference in trajectory tracking error is caused by the different singularity compensation methot
Using MoorePenrose Pseudoinverbased solution method a deformed task is solved by
introducing the kevenbergMarquardt constant. On the other hand, in the $\Bed solution the
task is only deformed in the near vicinity of singular configuration. So, the singularities are treate
locally, not as a global problem. However, the errors are still in theptadale range and a precise
trajectory tacking is achieved using S\Hased solution.

0 Y, @, Y3 (15)
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Nominal and realized joint coordinates y = 0.01 Nominal and realized joint coordinates u = 0.01
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Figure 4.Solution of the inverse kinematic task using SVD

2.3  Gram-Schmidt Orthogonalization-based Solution

Compared to the previous methods the G&shmidtorthogonalizatiorbased solution offers
matrix inversion free, recursive solution for the inverse kinematic task. The basic algorithm wa
independently developed by Gram [16] and Schmidt [17], and in 2015 [18] this method was applie
to solve the inverseifkematic task. The basis of the idea is very simple.usetuppose we have
vectorscoM Y and we want to generate a new vecior @ _ &which is orthogonal to vector
aBOrthogonality of two vectors can be expressed by zero scalar préduct, &GO T The

.. 06s O . . .
lambda coefficients can be calculated_as OO—;O, The same idea can be applied to an arbitrary
AT E ¢ asfollows

1 Select an arbitrary vector from thector setd, which will be the first element of our
orthogonal vector set.

1 Subtract the direction of this first vector from all vectors in the vectab.s€his new
set of vectors will span a linear space which is orthogorthletfirst vector.
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1 Select a new vector from the remaining vectdinen its direction will be subtrasd
from all the remaining vectorsf set®, that way we get a new linear space which is
orthogonal to both the first and the second vector.

1 We must carry on these steps until we are left with orthogonal vector set.
By the reduction of & 1 matrixthe folowing result can be achieved:

@ @ G @ gy, , o o o o
daeooa o« a O opop o1 wwwwwﬂh
% 4« ¢ ¢ " mom p 1 D% @ o w "
66 ¢ &« ao T TP s o @ O
1 ——hE E (16)

If this reduction technique is applied for the Jacobian of the manipulator, aleptfa latter
will appear as a linear combination of the orthogonal vectolsing thel stored in the memory
the solution of linear equation (4) can be reclusiveyonstructed. The solution can be somewhat
optimized if in each step of the reduction the vector with the greatest norm is chosen, that way t
rotational angle of the actual joint is minimalized.

Near singularityd U mor it isclose to 0, which mearthatw vector linearly depends

on ® M "Qandthd O Hb. In such a scenario a similar solution can be appli¢d as

the SVD-based solution. Near singularity the task will be deformed and instead of the exact solutic
ad o 1 mHQ “Capproximation is appliedhe simulation results shovbelow.

Nominal and realized joint coordinates y = 0.01 Nominal and realized joint coordinates u = 0.01

5] — g 12
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Figure 5.Solution of the inverse kinematic task using Gi&chmidt orthogonalization

Figure 5. shows that using Gra®echmidt orthogonalization for the solution of the inverse
kinematic task, a precise trajectory tracking could be achieved. Although it is important to mentic
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this solution is not an optimal one. Some optimality was intreducsing the vector with greatest
norm at each step of the reductibtowever, this made the joint trajectory dynamicallyrackable

as the graphs of the joint coordinates are not smooth, which means a sudden change in the
derivative, when the ordef reduction changedSimilar problems also arise in the case of the SVD
based solution when a small singular value is omitted in the matrix inver$huis.jproblem could

be easily evaded using the same reduction order at each step. Also, relatiketyehigr can be
observed especially in orientation tracking, compared to the previous methods, however these ert
are still in the acceptable range.

2.4 Fixed Point lteration-based Solution

Robust Fixed Point Transformatidrased control was introduced in 2009 [19] as an alternative
to Lyapunovfunction based adaptive control design. In 2016 a Fixed Point Itetzdised solution
was elaborated for the inverse kinematic task [20]. It wasdntred as a matrix inversion free quasi
differential solution. The basis of the idea is that if we have dinear, differentiable real function
"M © a QR & and we need to find the independ@rsolution for a giveriBThe problem
can be trarfermed to a fixed point iteration problem, using a differentiali®s © a function
which has an attractive fixed poii@, . ,z. The iterative sequence can be generated as [21]:

N "00£Qn wE Y Yy n 17)

In eq. (17)0 is called the adaptive parameter. From above equation it can be seen the
ifn nNandQn. @ n ., that means that if g is the solution of our task, it is also the
fixed point of the functionThe convergence of iteration can be proven using a simple approximatior
of eq. (17) based on first order Tayloolynomial [22].

06AQ o' y Oy — 040\ Eh (18)
L

o e, oAy o — 4 N 8 19)

L

A A

The convergence of the iteration can be ensured by the right parameter seitimghimh also
effect the speed of the convergence. If the selected valieifotoo small tlen the convergence
will be very slow.

However, ifin eq. (19) thé‘— is substituted with the Jacobian of the manipulator, the equation

L
cannot be solved due to matrix dimension issues (the Jacobian for redundant manipulators is
quadratic). To resolve this issue if20] a simple approxi@tion was suggested, as
K0 @ 0/ "Qf. Using the Taylor expansion shown in eq. (19), the following
approximation can be made,

C ot e C e A,
on QN un Qn, = n ng
TN_L
on "Qy,  on OA, n A, @ v o (oN (20)
Since in the inverse kinematic task the 7

first point we are just in the fixed point, and if we apply only small steps to calculate the next poin
in eq. (20) we can apply the approximatiotN 0N~ 0N 0N, that is exactly positive
semidefinite, since we always are in the close vicinity of the fixed point.

Such a solution method has a very promising aspect, that using fixed point iteration the matt
inversion can be completely evet] which is very useful property near singularity. The simulation
results shown below.

95



Bence Var ga,RilJdc hz8sredfi (B8Br202%x rh,

The Nominal and Realized Joint Coordinates = 0.001 The Nominal and Realized Joint Coordinates = 0.001
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Figure 6.Solution of the inverse kinematic task using Fixed Point Iteration

Figure 6. shows, that for the Fixed Point Iterafi@sed solution higher tracking errorcurred
(especially near singular configurations) as the convergence depends on the eigenvalues of
Jacobian. Although the singularities were automatically handled, the single adaptive pam@meter (
which affecs the convergence globally does not matkis solution flexible enough for many
applications. Furthermore, this method has very high computational demands. For all the oth
simulation methods in this paper 1000 steps (with 5ms time resolution) were used to solve tl
inverse kinematic task, fadhe Fixed Point Iteratiochhased method Jp 1T steps were required to
achieve fine enough time resolutionfy U 1 i for the proper convergence. This high time
resolution could not be achieved any hardware, which makes it impossible to use this method i
real time application. So due to its high computational needs this method could be used mainly
offline applications.

3 Conclusion

In this paper different solution methods of the inverse kinematic task of redundant robc
manipulators were investigatéitrough simulation programs written in Julia language. The Moore
Penrose pseudoinverbased solution showed nice tracking properties with low tracking errors. To
deal with kinematic singularities the Levenbdigrquardt constant was used, and the task wa
deformed in the full range. However, still very low tracking error could be achieved as the
‘ constant was selected, to be much lower than the smallest eigenvalua tfe normal, not
singular regionNice tracking could be achieved using Singulaiués Decomposition also. In this
case the singularities were treated locally, the task was deformed just near singular configuratio
Only slight increase in the tracking error could be observed. Using SVD method the cost functic
minimization could beavoided Compared to the previous methods the Gfohmidt
orthogonalization based solution offers matrix inversion free, recursive solution for the invers
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kinematic task. However, this solution is not an optimal one. The solution could be somewh:
optimized if in each step of the reduction, during orthogonalization, the vector with the greate:
norm was chosen, but this made the joint trajectory dynamicattpekable as the graphs of the
joint coordinates were not smooth, which means a suddemeharihe first derivative, when the
order of reduction changed. This problem could be easily evaded using the same reduction orde
each step. The kinematic singularities were treated like in thel®#Bd solution, as near singular
configurations, ingad of the exact solution an approximate one was implemented. Using Gram
Schmidt orthogonalizatichased solution, higher tracking error could be observed, however it was
still acceptable. The Fixed Point Iteratibased solution of the inverse kinemasisk offers a matrix
inversion free, quasi differential solution, which handles the kinematic singularities automatically
However, using this solution method higher tracking errors occurred (especially near singul:
configurations) as the convergence dejgeon the eigenvalues of the Jacobian, the single adaptive
parameter does not make this solution flexible enough for many applications. Furthermore, the Fix
Point Iterationbased method was characterized by high computational needs, so it could be us
mainly for offline applications. To be able to widely use this method further investigation should b
done to reduce the computational needs. In summary traditional methods -{(Réoocse
Pseudoinverse and SVD) showed better tracking propeRieally it can be noted that by the
involvement of standard noise filtering techniques the abrupt changes in joint velocities can |
considerably reduced that makes it actual to investigate the applicability of the solutions based
SVD and the Grarschmidt algoriim.
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¥sszefogl al §8s

A kibert®rben nagysz8§m¥% szerepl R ®s techno
infokommunid&r8cszakembe&krtei , al kal mazott ®s
| ®t rej °vR technol - gi 8i szerves ®s megker
aszimmetrikus vagy hibrid hadvisel ®s egy®
k ®r d ®s e keentn evke ta fkealp,csol atnak a ford2tottja.
®s technol -gi 8knak a kiberhadvisel ®sben? A
a projektmenedzsereknek ®s m-dszertanokn
intel |l igencia ezt hogyan tudja t8mogatni?
Kul csszavak: projektmenedzsment, ki berhadv
Abstract

In cyberspace, there are a large number of actors and technologies that belong to civil societ
The ICT sector's professionakpplied and R&D&I project technologies are an integral and
inescapable part of cyberspace. The asymmetric or hybrid warfare clearly extends to the civ
sector and therefore raises interesting questions about the reverse of this relationship. What is t
role of civilian professionals and technologies in cyber warfare? Narrowing the question to the
topic of this study, what is the role of project managers and methodologies in cyber warfare an
how can Al support this?

Keywords: project management, cybearfare, artificial intelligence

1 Bevezet ®s
A jelen 2r8s c®lja meg8ll-ap3dzanepeprnokebt

Amennyi ben van, a projektmenedzsmentet mily
a hat®kony mé@khd®ebsal @s ki br ¢l et ®n?

Azt gondol om, az infokommuni k8ci-s szekto
a K+F+I projektek terg¢glet®n. Ez ter mBszet

t Rkei g®nyes fejleszta®paek hHoz onfad ktotn c@mtt @ KT j
nagysz8m¥%s magasan k®pzett szakember ®s meg

Ezek term®szetesen a glob8lis technol - -giai
szervezeteknek ele@ir de ke a f ol yamatos fejleszt ®s, mi
egyre magasabb piaci penetr 8ci - el ®r ®s e . E
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felfoghatatlan ¢teme ®s a gl obg8lis Ieehm@tklé\
teszik civil |l akoss8g bel ®p®s®t ®s akt ? s
globs8lis szolg8ltat8sok az egy®b gazda §g|,
civilek 8lItal biritkalkolithnf®sasd z airhed 1Y4r eat e®tst kkri it
r®sze | esz a h8§l - -zatnak.

Jelen munk8nkban el Rsz®Or azt fogom bizon
civilszektorban zajl ik, nem csak @&zdaicVi,l aka
szerepet v8l Il al nak ebben a tev®kenys®gben
projektmenedzsment szerep®t a szektor mTkeO°c
Bemutatom az I KT technol giedka®B8hoRes vaal me :
Megvizsg8lom a jelenleg | eggyakrabban haszn
jelenlegi ®s | ehets®ges al kal maz8sa szempon

2 Kiberhadvisel ®s ®rtel mez®se el hely

A ki berhadvisel ®sj eolketmmd rad EBsSrherret t®s| av glr o °
a kibert®r defini gl 88§s8t, valamint jellemz®s

Sz8mos defin2ci - ®s t°rt®net. §ttekint®s
eml 2t ¢nk csak meg, agmred z -erkleeW a ltn@amyitanmt i as j neel gehne
i smereteink alapj8n gyakorl atban ®s tudoms§
ci kkben azokat a modern megk®zel 2t ®seket r
ki ber hadvi s akidsektorealpvalamint eaproktmenedzsmenttel.

Haig Zsolt r®szletes, ©°sszegzett definzci
az ember 8l tal mesters®gesen | ®t rehozott, d
gyTj,t ®s®t ol §s 8§t , feldolgoz8s8§t, tov8bb2t§gs
kapcsolt ®s az el ektrom8gneses spektrumot
rendszerek mTk°dnek, l ehet Rv® t ®ve dolyamatbs a z
®s gl ob8lis kapcsol atot A fenti meghat 8r oz

w az emberek k°zotti Y t2pus¥% kapcsol ati

w azloTel vnek megfelel Ren ak8r a fizikai &es:

w az el ektrom8gnes e sv osnpaetkktorzu-m ehl avs8zrng8sl oakt n&ar k

Nagy hangs% yt fektet az inform8ci- -ra, mi:
®s |l ogi kai -k@&p,c seomhliaet ro t @EP@pmkbez°® t t, val amint
ezeken kapcsolvatgoyk sn ak evrierstzut8¢li,s di menzi -1t .
mely a mai tud8s ®s technol -gia alap¥% vil &g

Ezt a gondol atot tov8bbfTzve ®s erRs2tve
kit®rni, ami Klximakmef ehemBde®nRpont ot sugall
egy gyTjtRfogalom melybe mi nden beletarto:
fon amat ok, azok szereplRi, technikai ®s sz
m- do viargeyk ti nkda p c s ol ahtStla lz,atdrea svza8nnm?atk- gk®pt v e

A k®t meghat 8roz8st °sszegezve kibert®r

rendszert, tev®kenys®get, szerepl Rt ®rtek |
m- don s&ahpdnak az adat ok ®s/ vagy az i nfo
8§t al ak2t 8s8hoz, sz8Il Il 2t8s8hoz, t8rol 8s8hoz
A definzci - szerinti hadvisel ®sre e <ci kk
virtughks wmizl 8gpi k i sm®rve, hogy teljesen e
e tev®kenys®g meghat 8roz- param®terei. ¢€gy
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meg pontosan a h8bor% ®s a b®ke.
Szerepl Rket teki ntRrehadvkiskeé ®s®remen | £yl

ell entev®kenys®grRI a v®grehajt-k ®s az el s
vagy had8szati szerepl Rk. Hat 8rozottan ki|j
nagyobb r®azdad ¥dgil vagy politikai terg¢letel
kritikus inform8ci-s infrastrukt% a el emei,
®rintR esem®nyek: v8laszt8sok, spaok tkietnatetz
ki bert®rnek, amelyek nem tartoznak egy or sz
szerepe van a civileknek ®s a civil kat onai
tev®kenys®get t°bbel2k®=sts ek ° Bss kiRprapast®yIf eij d

Az idR horizonton is elmos-dik a hat 8r
hadi 81/l apotot a b®k®t RI , ugyanis a kibert®r
ak8r a hem&k miwaelt b8&rmi kor ,359y k&mgddetake
egyar sgnt . A kognit2v mTveletekkel, internet
potenci 8lis c®l pont.

A helysz2n az el RzRek anal -gi 8j8ra szint®
°vezet, vagy a konkr ®t mivel eti ter ¢l et . Al
hg8l  -zat minden pontj 8r -1 els@mghetlRff,Ylgendjeni

A fent | e2rtakat ©°sszegezve, a kiberhadvi

v®ve, egy idRben ®s t®rben 8lland- tev®keny
vagy indirekt m-dé&rmicsathlSdkaaithoaz IAnftenvm®ke
csatl akozva, a kibert ®ri v®del em mel | et t k
cselekedetet ®rtek.

Ertel mez®sem szerint az®rt IindolRalkenhys ®lga a

®r dekek ment ®n ®s adott esetben nemzetek
gondol at menetet kieg®sz2ti, tel]j eosss ® atress:zii
a kiberteret az °t°dlk hadsz2z2nt ® k®nt azono
A hadvisel ®s mag8ban foglalja a t&mad- (
kiberfegyverek ®s kiberv®dekez®shez sz iks®
mTk°edR, a val-di eszk®z°k hat §s mec luknharermu s
olyan szoftver®s har dvereszk®z%°kre, valamint ezek |
c®l pontok sz8&m8ra valamilyen m®rt®kT k&r o
fizikai, anyagi , kognithAdigdealoamizleyssm®gi®h f
mTvelet a logye. plibki k€ee; c®l ja a civil fejl
szerepe a ki berhadisel ®s ben, ez ®rt eset ¢n

kapcsol atosf -kaszBeEheireez®rt vizsg8l om az
ki berhadvisel ®s s el

3 I KT ®Wsbarhadvi sel ®s

A kibert®r definzci-ja j- I mutatja a kapc
a hgl - -zatokra, kiemel vealaz nmTnvteelrenteetkerte,, aaz siz
vezet ®kn®l k¢l i Te&koimmuwmea .k 8&i kr her hadvak®tt ®st d
kapcsol at ms§r 2 gy i s bi zony?2thatki berlkhialer
®rtel mez®s®vedolkadtzaolktilenbikapny 2t 8st nyernek.
is kit®rni. Az infokommuni k8ci-s szektorra
bi zonyos kibermTveleti k®pess®geit vizsgsgl |

w Szg&m2hs§yg®pati mTvel et ek
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w Megt ®veszt ®s 5

w Pszichol -giai mTveVIetek
w Civil-kk at onai egyésttmTke d®s
w T°megt 8§j ®koztatg§s [ 1]
A

t

I

A

sz8§mA&l g®Pti mTveletek alatt a h8§l - -zat
®rtj ¢k. C®l pontj ai a hsgl - -zat el dviBdi- zasanf
felder2t®s, t8madg§s, v®dekez®s ®s az adat ma
megt ®veszt®s al§ tartozik b8&rminemT ner
megt ®veszt ®s, el ektroni kai vagy sgmeefingvseA e s
megt ®veszt®s a kibert®r minden r ®t eg®ben 1| e
Pszichol -giai mTveletek ki fejezetten az
egy¢ttmTked®s vagy kapcsolattart 8s. Ez | el
ki ber tl@rlbheant -t.a
A civil katonai egy¢ttmTkod®s a p.EsizkRalo k
techni k8kata aclikvaillmalzakoss8g ®s az igazgat 8si

T°megt 8) ®koztat §s kifejezetten asz8 t i ncf@®lro
T8) ®koztat8s interneten, k°z°ss®gi m®di §8n,

A felsorolt ki bekreplevsesl®egteik nid ek omPesBatei® retmietnn a k

de bel 8§that -, hogy az | KT szervezkitekat &8s unk
sok esetben azok maguk a c®l pontok i s.
4 Kibete®hnol -gi 8i, fejl Rd®se

Az ©°sszes jelenlegi ®s el Rre jelezhetR f
dinamikus KT szekt or mi att sem |l ehets®géak, ead@e
|l egjobban mutatj 8k az | KT ®s a civilek sze
mesters®ges intelligenci8hoz kapcsolod:-akr a

A teljes digitaliz8ci - ®s ad | &2 tgsyi gyakofasilag a |
|l eh®t Rv ki bert ®r ilyen m®rt®kT kiterjedts®
megoszt 8s8t . BS§r az internet, nem pol g8ri
megker ¢l hetetlen eszk®ze. FR c®ljai ®s tul a

W nincs gy k%zpehtgyerBnyzéervezet sem,

w nincs egqgy k°zponti vez®r | R sz8§m2t. - g®p s

w sz8m2t- -g®pek milli8rdjai kapcsol -dnak e

w nem egy fizikailag j-1 defini8lhat- hel

w nem egy fizikailag megfoghat dol og [ 6]

Fontos az internet szerepeha8 | - zat osod8sban, val amint az
adatfeldol goz8sban ®s tov8bb2t8&8sban ez®rt a
tanul 8s vagy a mesters®ges intelligencia.

Az internetre ®p¢l R tecdinelgygik®kvekkzegzIR
technol -gia adj a. A s8vsz®l ess®g n°veked®s
hg§l .-zatra kapcsolt eszk©°z°k°n kell az adato
hgl .-zaton. Ez eetgw8|Ifto8mst,o smesrzzendl®lpj ai ban v §lI
l ehet Rv® teszi a komplex adatfeldolgoz§gst,
Tov8bbi el Rnye a f el hasMinn8dli-gk asnzn8ym§ rear Raf osrkr8g
sz ks®ge van, 2gy a haszn§glt eszk®°znek nem

103



Dobos Oszk§&r, Eo.cshialb(ES§a00Bsi sz

esed®kes teljes2z2tm®ny cs¥Wcsok kiel ®g2t ®s ®r ¢
el ®r het Rek, nem sz ks®ges eszk®z°nk®nt t°bhb

Atechc ®ga kKT szektorban folyamatosan K+F+]
(IR % technol -gi8kat. A felhR alap¥% sz§il
emben az eddigi okos eszk°z°k hgl: -zazkya
| -zatba kapcsol 8§s8t, majd t8volr- -I wval . - f
|l t®t el ir8nya ®s a h8l . -zatra kapcsol 8§s- al
(IoT). AzIoFn ®1 sok eset ba&nf ¢l®CmRberny tm mtd@&mi k az
pcsolt eszk®zben mind°ssze egy szenzor ®
tal 8l hat - . Ez a kibert®r vonatkoz8s8ban f on
aszenzorokn kereszt ¢l a2dgayt ok kkgi bad ratk®rthheatk er ¢ |
alapj8t a teljes okos °kosziszt®m8nak, p®Id
®s azok tov8bb fejleszt®s®nek aizclPes)xzedldhapmi
| ®trej°vR °nvezetR j&8rmT technol -gi 8nak.

Ez hat al mas mennyi s®gT adatot jelent,
t ®r h- d2t g§val exponenci223as aeal RPejeklsz®ke g
fel haszn 9k mst §m&r dr - | 5,3 milli8rdra fog
I z
n

®

x ® ) N T

S
h
f

ne
k

QD

eszk?®z el ®r hetR 18,4 milli8rHz -t er@®8z
ja az adatmennyi s®g n®v e&lead®isn,
202k g a szem®l yes a-dat f & brg beyklikednB[8]A2 alkatmazott

kl asszi kus adatfel dol goz§8si m- dszer ek, strt
®s , a mi m® g fontosabhb il yen kompl exit 8§8s¥%
technol - gi ai fejl Rd®s v anak refvoel zy¢gannka.t bA n b i gne :
adat mTvel et ekt RI el t ®r Ren mTkodik, a h§l
adatfeldolgoz8s, ez a fel hRben t°rt®nik, ah
megy v®gbe. Maj d az WBeyWa nsczsearkv elr e@tkanlerka sv aenr R
vgpontokon kiadott mTveletek v®grehajtsgssgr
|l ehet Rs®get ad egym8st - | teljesen f¢gggetl ern
nem haszmeé&rmti sr aigymert m-don val. - felhaszn§gl

Az eddig bemut atott technol - gi 8k l ehet Ry
feldolgozg8s8t. A digitaliz8ci-nak, |1 oT ®s s
olyan mennyi®g T adat hal moz- -di k fel, mel yet kor 8§l
hat ®konys8gveszt ®ssel feldol gozni . Ennek a
m8§si k nagyon fontos technol - ghar al meAz e
tott, hogy automati kusan emberi beavat |
§mban emberi tud8st ®s k®pess®geket tan
nNyos i nform8ci- -kotwt sk2ajnglez®@s bdblenalPapgjz§
®seket is el tudnak v®gezni a g®pek. Az
az el sRn®l dinami kusabb, adapt2zvabb ir§
2rntte®@ste kd °®s el Rrej el z®sek mellett, wval - s
ak mTkeoedni ezek az algoritmusok. A Heg
uh8zz8k a tanul 8s k®pess®g&wralRvR®A tg®uii
ok el emz®se sor8§8§n ®rt®kel't eredm®nyek
eszt ®s®t m8§s sz-val a tanul 8st. Ez jel
yi s®gT adat sz ks®gem hoz88E)] amndeslbke =z
okat 8ll2tanak el R, ami igaz8n dr 8g2tj a

A bemutatott, jelenleg is haszngl t ®s
termBszetesen a j°vRI i smTaszz aekzie kme®so | ellfflseok |

Q3T P XDQAT TS
QD DOdC @Q °TC TQ
D T O OIN T
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Raymond Kurzweil 8ltal defini8lt technol - gi
megmondani , mert eljutunk egy olyan pontra
tudjukfelfogi  a hol nap .M@&gP sl ®@R®r { 1Wdgnnak becsl ®se
pr-b8lnak trendeket meghat §rozni , ami k mut
kutat-int®zet folyamatosan el emzi , tresleketpy |
|l egfrissebbes| ypet B°20®Pe ©°t ter¢l et evel az
kapcsol atosokra t®r¢nk ki r®sz|l etesebben:

w Szenzorok ®s mobilit8s: ez a trend ol ye

|l ehet Rv® tes8sk @®&smabho
kamer 8kat ®s a fejlette
robotok tudatosabban mT
technolngi @8k ,k°minyT sz§l

z8tartoz- eszk?®
b auton-m vezet
°dnek az Rket |
2 dr - nok ( mi

02z
eb
k
I
y e

kernyezet, de a mT
al
k.
k
e

fognak navig8lni ®s figyelembe venni a
a jogi szaki fejleszt
felh®p@4 kiterjesztett v s8g (AR), °nv
rep¢l R °nvezetR j8&8rmTve

w Emberi robottechnol - gi 8§ a trend az emb

fejleszteni biochippekkelgv@ad .®r zel mi me
w Poszt kl asszikus sz8m2t8s ®s kommuni k 8¢
amely bin8ris biteket haszn8l, a megl ®v
fejl Rdi k

w Digits8lis °kosziszt®m8k, mebygsekta gl aef

w Magas szintT mesters®ges intelligenAia
kovetkezR gener8ci-s elemz®s az adatok
vizsg8lata, kifinomult eszk®°zMmMpomaokodl
g®pi tanul §8si model |l ekre ®p¢l R technol
adatel emz®sek tov8§bbfejleszt ®s®t . Ebbe
a grafikon .el emz®sek [ 11]

Az el RzRekben ismertetett % technol - -gi 8Kk
jelentenek, ugyanis biztos2tj8k a teljes t8§
5 Kiberhat@dvieel ®sd®se a civil szf ®r 8r

A ki ber hadkvemsyesl@®ge it ekv?’®@ ® t artozik a fel
ter mPszetesen, Vviszont a | KT szervezetek ®s
vRdel emre val- szTk2t®se a vizsg§latnakgy uc
el l entev®kenys®g.

A kiberv®delem <civil ket°d®s®nek bemut at
inform8ci-+-s infrastrukt»%r8t is sz¢ks®ges ®r
iczemel tet®sben | evR s zeunviekz8ectie-ks. cPERy edk§,u | b a
k°zl eked®s k¢l °n°s tekintettel a |l ogisztika

A nemzet biztons8ga szempont j29H-2l. Korviit iCK UX
A, f. pont a k°vetkezRk®ppen: hat8rozza meg
AMghat 8§rozott §gazat ok val amel yi k®be tart
rendszerel eme, amely elengedhetetl]l en Jia2 gly®t
k¢l °n®sen az eg®szs ®®sgwhogzdy,onadilza koésss85yEshsozze,
k°®zszolg8ltat§so®RshameélophAeBsBheg®se e fel ad
mi att jelentRs k°vetkezm®nyekkel j 8rna, de
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kovetkezm®nyek®ppen, 8§ &ii -ad aiknufl n[d2fat ku K tt Harkalr si g

A teljes felsorol8&8s k°z|l ®s®re e publik§8c
al 8gzatai fontos r®sze a t®m8nak ®s nagy r @
1. t8bl 8§z

Infokommuni k8ci - s internetinfrastruktl/ug

i nternetshzoxlzgy I®r &

vezet ®kes ®s veze
el ektroni kus h2rk
vezet ®kes ®s veze
hg§l -zatok

rg§di-s t8gvk°zl ®s
Trt8§vkozl ®s
mTsorsz-r§s
postai szolg8ltat
korm8nyzati infor
hg§l -zat ok

Forr8s: 2012. ®viiaCLsXzvelr.z R vs.z elr.k eAs, z tf¢

A kritikus i nform8ci - s infrastrukt %r a e
meghat 8roz8sra, av®&ddltmik uls®g m@ tr aajstt § usrt -Yr as z

AA t8rsadalom olyan h§l - -zatszerT, fizikai
amelyek az inform8ci- folyamatos biztos?2t §s
sz¢ks®gess®g®bRkband - d®Bho rPtnomsasg8ug ¥4 rendszer
| ®t fontoss8§g¥% rendszerel emek. mTk°d®s®hez neg

Az eml 2tett rendszereken t KT E®hek bitzetrom®

szol g8l tats8sain8l egypaermBenttr,8 cuigy amii ast tmaag apso li
adat ai , ®s azon kereszt ¢l pl : vagyona 2gy
ki bert®r N®l k¢l o Kheserelteazezek e@b Riszakeimbe
k®pezz®kdal ékmmek.v®Al exander KIli busgewvw®plk R
r ®sz®t k®pezi k az i KT ooc®@u8ecki -e Ibfi ozgt aodnost8tg n&sk . g |
®s szol g8l tatg8sai egyvttal S®r ¢l kenmeRgle t
szol g8l tat8sok miatt egyetlen orsz8g sem KkGe
forr8sokb- | bKTz teolsl2&tagnsii al &neclojte.s Azok a ter
jelentenek, ahol t°bbzkesr8lhgr3tniteem®k@&®gk
ahol a szervezetek, vagy aks§8r az adott or
ter mPkek is be®p¢lnek. A lenti 8bra j -1 mut
[14]
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Informacidbiztonsag

IKT-biztonsag

Kiberbiztonsag
Hélézat- Internet-
biztonsag biztonsag

Kritikus informdcios infrastrukturak védelme

12313q| wiFa
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=
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1. 8braifidizR szerkeszt ®se
Teh8t a | egf Rbb kapcsolKrlt as zae kK iolr enratka dav iksie

kiberbiztons8g megt er emt ®s ®ben van. A ki b
infokommuni k8§ci -s szervezetekn®l, rendszere
Az eddigiek °sszefoglalva bi zony 2Ttszel@dkcivil a
r ®s z®b en zajlik. A civil szerepl Rk az °ss
ki berhadvisel ®snek, de a terg¢l et szakember e
haszng8l at os model | ek, hprds ezt ®BBh exz o fe zveek
egym8ssal val .- integr8ci-j8hwval amziatvedett e
reakci-hoz ®s helyre8ll2t8shoz sz¢iks®ges cs
w miszaki szakember, jellemzRen t°bb terg

w projektvezetR

w ¢ zleelteimz R

w miszaki elemzR/felelRs

w egy®b szakegperk ®({ @®yben sz¢ks®ges | e h e
kommuni k8ci -s kompetencia i s)

MTszaki szakember ®s projektvezetR a fel:

el emzR, mTsegu®bferaek®&mb®&®s pedig f¢eggg a pro
folyamatait |

6 Projektmenedzsment® s a z KNIkzeldoranl
Amai szervezet ek sKTersvzeezkettoir bsatnr,u k8tl Y4ra8l j8ab aan:

szervezet, ami kifejezt t en proj ekt alapon mTkedi k, ez®r
vannak a mTk°d®s k°z®ppontj8ban. A vezet ®s
ez®rt strat®giai szintre emeli pr oletmekdolgozik e d
®s teljes °sszhang van a projekt c®l ok ®s v
kol l ®g8k c¢csak tr®ningeken, oktat 8sokon, il
Jell emzRen ittt ptajekt betk®&n i bhnenun&gy8lagyne
ahonnan szabadon be | ehet Rket wvonni egy i
model |l t jellemzRen, egyedi fejleszt ®sekHel,
vel , d&snsgaxlsa®s bevezet ®sek&kleadmifongl hlkatz- Isa

A m8sik szervezeti forma a m8trix szervez
funkcion8ld ss ergoyls ®gedki g a projektek. Mi nd &
projektnek van egy vezet Rje. A m8trix szer
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alapfeladatoka me | yeket el kell |1 8tni. A propaketek?®
funk ci on81l i s®pe¢glynseGkg b Ré | . A projektek al kot j
szervezetben is f®stas paopreajekmik?am®s®leezt®r
ideiglenes szervezetek ®s wmojpeltiektik®ziet Rk

szervezet.i egys®g¢kben v®gzi k az egys®g mag
al kal mazz§8k, amel yeknek a projekttev®kenys{
szol g8l tat 8suk, itlegrem@kK¢ ka. mlud Itli enmazcReom 81 i s v
c®gcsoportok, illetve. a nagy 81 1| ami szervez

Az agilis m-dszertan elterjed®s®vel, el Rt
projekt szervezetr esihkassozn®@t2 ta p/ricsjzeokntt dsap a
hanem egyben marad ®s csapatk®nt dedi k&8I j 8k
k°rnyezetben | ehets®ges csak, ez®rt megz kppe
feleszt R c®gekhy saggteger mPkkel rendel kezR a
szervezetek,plstatup c®gek, Y technol - -gi 8kkal fogl al

Mindk®t fR szervezeti struktdasamentk u&lzI§b a
munk8juk t% nyom- t°bbs®ge projekt alapon z
professzion8lis, szervezet.i szintT projektn

m®r ni ®s fejlesRtemndstehtanekhat mbgs®us8l nak
hol tart a fejl Rd®sben.

A Project Management Institute (PMI) 2648s f el m®r ®s e szea imds zn
val amilyen standard projektmenedzs meirR@0éds [ .

fel mdr ®se i s hasonl - an +agashasrzfigytnaikutaatc
dokument 8§1't, eg®sz v§llalatra kiterjedR pro
_Az ®retts®qgi model | ek a proj ekt menedzs me
mTk°d®s ®nek, k¢l °nb?°zRa m adsglebiekikkzdn kmeerl |
bemutat8sra a modell ek | e2r 8s8n§l

Paul k, a CMM(R) model | egyi k kutat-ja 2g

fol yamat ot mennyire vil §ghsam®degnhkni 81 uehkRi
hat 8s 0.sSSKUMDR 5K szerint a projektmenedzs me

projekt menedzsment fel® ir8&nyul fog®konys!
szervezet me rensyeinr et Skn®pgeast ni e I@s enged®l yezn
megtegy®k azokat a | ®p®seket,. amik sz ks®ge

A k°vetkezRkben, csupg&n a | e

bemutat 8sra, ug30@erss®RPekngpap® 2}

mel yek sz8ma az-t.a csak n°veke t [ 20]
n

t
A h8rom | egismertebb ®s 1| egh znsg8l t-©OBMB, pr
a PRI NCE2 ®s az Internati on(allPMA)o jneocde | Ma nea

gelterjedteblt
Br °bb mint
de
as

azonban a PMI, Prince2 ®s CMMI model | ker ¢l
IKT-beli fejleszt®sekre j°tt | ® re ez®rt nagy
model |l nek ®s a lkeitfeetj evzieztstgeSnl viaT at eprenet r 8§ci - |

A modell ek bemutat8sa teljess®g ig®nye ne®
tudnak vagy tudn8nak kapcsol  -dni a mester sec
6.1 PRINCE2

L®t rehoz8s8nak fR oka az informatikai sze
j - val sz®l esebb k°rben elterjedt, szinte
sz8mon. Ez, a Ade factoo szabmw8&nymremc&packl Ra:
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Kir8lys8gban, hanem Eur - -p8ban is elterjedt
A Prince2 a projektmenedzsment egy folya
hogyan | ehet -Kkgll®mbi°fzRhykph&mkra osztani, a
meghat 8rozott bemenete (r8ford2t§gs), ki men

mi nRs®gmenedzsment, ami |l ehet Rv® teszi a s
kezdet ®t RIz8e@g®s gen a | e

A Prince2 m-dszertan n®gy kulcsfontossg8g¥
w 8 meghat8rozott folyamat, ami a projekt
w 8 alapelv ®s ir8nyelv, amit a k¢l °nb°zR
w 3 m-dszer, ami a folyamatokat t8mogatj a
w Az al kot -emegbhkt ppoz&sa a projekt ellen

2. t8bl 8§8zat . A PRI NCE2 kulcs el en

ALAPELVEK
1. Business Case: a projekt 1étrehozdsanak oka
2. Szervezet: a projektszervezet és a feleldsségi FOLYAMATOK
) k(er';k _ ) 1. Projektiranyitas
3. Tervek: termékek, tevékenységek, forrasok. 2. Flokészités
o kbllrseg.ck“ - . 3. Projektinditas
4. Ellendrzés: szakmai. mindség &s a szintek 4. Projekkezdet
menedzsmentje 5. Szakasz feliigyelet
5. Kockézat menedzsment: a kockazatok 6. Szakasz hatirok menedzselése
o n?rrekc]e?c és kezelese 7. Projekt-termék menedzselése
6. Mindség a projekt kisrnyezetben: a 8. Projektzaras

kovetelményeknek valé megfelelés
Konfiguraeid menedzsment: adminisztracio
és termékkovetés
8. Valtozasok kezelése: észlelés és reagalas a

valtozasra
MODSZEREK
TERMEK- £S FELADATKOR LEIRAS L. Temek kbzponth tervezes:
o termek ismertetése. termék
1. Termék leirdsa lebontas elkészitése,
2. Munkaksrok leirasa folyamataba
3. Projekt ellendrzési feladatok 2. Minéség ellendrzés: elokészités,

ellendrzés. utan kévetés
3. Valtozas-cllenorzés: észrevétel.
iktatas, vizsgalat, dontés

Amennyi ben a szervezet ezt a m-dszertant
projektmenedzserpmri mjekk tae kk ¢elglyrebd®z Rmegk® zel 2t
felt®tel ezi, a szervezet m§r rendel kezi k |
azoknak a tov8bbi ®e®hasZndtl Sxk¥a qa Ca®aet] ¢ kis
szin et k¢l °nb°ztet meg, mel yek a k°vetkezRk:
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UZLETI CELOK

5. Optimalis szint

4. Menedzselt szint
3. Definialt szint
2. Ismételhetd szint

1. Kezdeti/kezd& szint

J

2. 8bra. A PRI NCE2 ®retts®gi modell szi

Az el sR k®t szinten vagy egyS8ltalgn nem,
folyamat szeaeb§l8yds§=mnld,ek, de az ad hoc fel
figyelembe azokat [21]

A defini 8lt szinten el fogadott ir8nyel ve
®rv®nyesek az ©°sszes projektre. &Smreraehastth
vagy ahhoz kapcsol  -d- eszk°z°krRI sz-1- ir$§

A menedzselt ®s optim8lis szinten a | egt!
mindenesetr e vannak el j8r8srendek. A spgzave.:
projektmenedzsment feladatokat.

A PRI NCE2 m-dszertan, egy hat ®kony oper
el sRdl eges hangswl yt nem fektet jelenleg a
kapcsol -d-an b&§rminemlos| Toé¢yakmatme. sClerant
fel hatal maz8s8val egyedi / egy®ni f-kuszt | e
haszng8l at §r a, A m-dszertan keretei kozt, aj
fel ®p2t ®s b Al neodd-ed-lanl ®nyege sok ®s pontos
bocs8t8&sa. A digitaliz8ci-nak k°sz°nhetRen
szervezet ek ®gyorspnr tadnakade v € £ alt oRgkh |k § t ®s t8mog
projektekhez is.

e

6.2 CAPABILITY MATURITY MODEL INTEGRATION

A CMMI model |t alapvetRen egy Ahibrido mo
er Rss®geinek be®p2t ®s®vel jo°tt | ®re. A c®l
®s t &r mM@kd eszt ®s ®t .

K®t r®szbRIlI tevRdi k °ssze, tartalmaz egy

®retts®gi r szt . A Yigyaeaervezett e |-®fyanaseekvezetie s
f Rf ol yamat ok csoportjleittesd it ®s @ 8 lajhah,0 z a sezl¢ykes
magasabb ®retts®gi szintre | ®phessen. Az ut
folyamatokra vonatkoz-an.k®pess®gi szinteke

A CMMI model | eset ®n i s¢ nbk ,®rneitntdse®g i s zsi znitne
ker¢ltek a kulcsfolyamatok. A megal kot - i t
szervezetek sz8m8ra azokat az eszk®°z°®ket, a
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szervezeti szab8lyzatok kial ak
folyamattervez®s
szabad erRforr8sok azonos?2t8sa ®s r
felel Rss®qgi kero°ok kialak?2t8seae
munkav§gllal - -k k®pz®se
teljes2t m®dnymenedzsment al kal maz§s
afontos stakeholddte azonos2?t §sa ®s bevon§s

a folyamatokkmepygfohbly8l &sa ®s

fejleszt®shez sz¢igks®ges i nform§ci
A CMMI model | er Rsen folyamatorient 81t m
szervezeti folyamatok, el R2r8sok szoeloRsé@g@g%s
a szevezet§ | mdkal mazott mesters®ges intelligenci
projektekre. Kev®sb® fektet hangs ¥l yt eze
haszng8l aton t Yl i | ehet Rs®gek r ejzevteRnma&kr aldir
fel hatal maz§8sa, kiforrott ®s tervezett foly
a szervezet sz8m8r a i smeretl en MI al kalr
projekt menedzsment miszakirar ®s kx@se 8l a &eijtlo
folyamatokat pedig a szervezetbRI adopt 8l j a

6.3 ORGANIZATION PROJECT MANAGEMENT MATURITY MODEL 1 OPMS3

A Project Management Il stitute c®lja e qg)
projekt/ program/ poerrtfl-elti®n, memmeeldyz s mennht &n a
k®pe ss®geinek standardi z81 §s8ra ®s ®rt®kel ®
k¢l ©

nb°zR ipar8gakban, m®retekben ®s f°ldra
A modell seg?2ts®g®vel med®&lllhapztn&di k ke&lppei:
ter¢glethez tartozik, ez§8Iltal az el m®l et et
bevezet ®s hat ®konys§8gs8t . T°bb sz8§8z eset
projekt menedzsipemtegtmarn alt ¢gta®mel mélk speci 81 i ¢
fejleszteni a kitTzott ®retts®gi szint el @
°n®rt ®kel ®sben. Ezekre az eredm®nyekr e, a
alapox a segz2t egy fejleszt ®si tervet k®s z 2

projektmenedzsment k®pess®gek fejleszt ®s ®t
Az OPM3 al a[p3:°sszet evRi

J- gyakorlatok gyTjtem®nye
K®pess®geke gyTjtem®ny

A megfigyel hetR kimenetek
Kulcs teljes2tm®nymut at - k

Fejleszt®si terv.
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Az OPM3 f[28] ®p2t ®se

Standardi z81 8s: i sm®tel hetR folyamatoka
M®r ®s: a folyamatait, tev®kenys®geit
Il r8ny2t8§s: a m®r®seket tudja elemezni, ®rt
ki menetet, vagyis a hat®konys
Folyamatos fejleszt®s: kialakult az ig®ny &
a proakt?2vtraprabt@mé&lkat alteljes2tm®nyi nga
megel Rzni, kiiktatni
Az ®retts®gi szintek mellett defini8lt h§
szintT projektmenedzsment : preoketktf elpoomtrjaw
®l etci kl us§8ra: azonos?2t §s, tervez®s, ki vit
felrajzolni a -sakerkezet®t az OPMS3
Az eml2tett | - gyakorl atok (nyilak) vezet
®l etci klus8ra (kari kg8k) bontottunk sz®t. /
k®pess®geket (karik8kon bel ¢l pont ok) .
C;.ii‘.?—_‘o—ﬁ]-;-'_'i.: S
Continuously 'ﬁ.‘:__'i'
ag =
Bl
% Control e e — =
= -
E
[
8 _— B ol
E‘ Measure SR — — =
ﬂ — = o
S
& Standardize — = = -

Organizational Project Management

3. §bra. OPM3 struktwra (Forr§8s

6.4 OPM3modell®r t ®k el ®s e

A P MI model | j e, gyakran hivatkozza me g
8§l tal 8noss8gban, de nem neves?2ti kel on ter ¢
projekt menedzsment ter¢letet. F o nat bobs kawztoantb§
neves?2iti, and nMl fontos ®s n®l k¢l °zhetetl en s
m8tri x, vagy ©projektorient 8It szervezetet

projektmenedzsment sz&m8raam.i ldlyatmnRIF@Jjdtesad |

112



Dobos Oszk§&r, Eo.cshialb(ES§a00Bsi sz

projekt kock8zatokat, amel yekn®l megol d§st
van jogos2tv8nya a projekten bel ¢l er Rf orr
bizonyosfeladt okr a, de ak8r anyagi er Rforr8st esz
bizonyos fokY szabads8&8ga van a projektmene
megrendel Ri i g®nyt ®s kock§zat ar8Sngbkem®&if ¢
ter mPszetesen nem fenntarthat - m-dszer, h a
MI-t , de a model | fel ®p 2t ®s ®b R ad-d-an k°©°n
l egitim a haszn8l at a ®s apefdoilgy amat osg ®k e
projektmenedzsment 8t tudja venni ezeket .
BE§r a jelenlegi mendk®zs edeadn &I nakh heVgamat
mester s®ges intelligencia haszn8l atg8ra,a | §
digitali z8ci+- hat8s8ra a projektmendtdasmef8t ai
jelenti. Az adatfeldol goz8sra, d°nt,®sosedporRk ®
k®sz2t ®si ®s a d mi, nki osczkt & z8activ- ést kideekd 2 ®@rae¢ o k®&sa
term®szetesen azonnali st8tusz kimutat$8sra

APMI 2019es kutat8§sa szerint aa sSpzreorgwmeozsezttea kz 8V ¢ ;
megv 8l t oMig§ast8tt ftaml ®venA szer ve zdtprojecermanagam@nt t ¢
technol ogy quotient, magyar ul projektmenedz
projektmenedzsment|j ®b en. Ez ol yan technol
ki ber bgi24]t ons §

7 ¥sszegz®s

publi k8ci - sor8n meger Rs2t ®st nyert be
tetts®ge nagyon magas a kibert®rben ez
kommuni k8ci - s szakemberkekakitd?ev®r t @ e z tav e|
rhadvi sel ®snek. Jelen dokumentumban cs:
jdons8gokat i smerve tekinthetg¢gnk proje
atra. Mi vel r®sz®8 lerkjglbemae v alc-isviitl8sr
ezet ®s az eszk®°®z©°k, akkor a m-dszer
kt menedzser szerep®t el emezve egy Camb
n a ttoew§hbbetkeunt at ni

Az al kal mazott projekt menedzsment m- ds zel
m- don jelé&n|l €g®z Mlem jelenthetR ki, hogy |
b&8rmil yen m- don seg?2ti a krad f es s ki ore § lhiagl v
jektmenedzsment m-dszertanok fejlesztRi
®nR el mozdul §8§sr a, il letve k¢l °nb°zR pr
k el enl eg i s aadaktaolkmaaz nraeks tbeirzso®igyeoss ifnetle
al j8k valamelyest a k®pet, °sszess®g®b
8l is m-dszertanokba m®g gyerekci pRben |j
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Laserbeam cutting of aluminium sheets
IF8bi 8n Eni kR R®ka

X¥budai Bgn&ktiem@on8§t G®Op@BMny®s ERjiyztteems § Btuwdda p
Magyarorsz§8g, f abludadwm.reka@bgk. uni

¥sszefogl al §s

Er Rsen reflekt§8l - alumgggsam jementRs | Rzl )
reflexi-jpa8ami @zer e lCro®| az elox8lt fel-gn et T
kivitelezhetR volt k¢lonb°zR frekvenci §kon
mutatt8&8k hogy a v8g8si fel¢gleten nem mar ad
ha a v8g8sm/ pebess®ftOjBIl etve, ha 1m/ perc
tartozott Legszktsd fvrSegl@wdn cfied ¢d lek eelt malz08 s §
®rt ¢k el

Kulcs szavak: Col ®zer, v8g8si r®s, felg¢leti mi N Rs ®
Abstract

Laser cutting of aluminium alloys very difficult, due to le high reflecton of this material.
Cutting of aluminium alloy sheet with oxidized surfagas fulfilled with CO; laser at 2500W
with different frequency, and different speed values. Emanent melt materialasobserved at

3 mm thickness sheet after cutting with S8nin speed at 0.5 kHz fyeency and In/ min
speed at 1@Hz frequencies. Best cutting surface was obtained after cutting with 10 kHz
frequency and/=1m/min speed.

Keywords:CO: laser, kerf, surface quality

1 Bevezet ®s

Napjainkban a | ®zer, mint technol -gia mS§8r
Az anyagmegmunk8l 8s ter¢let®n al kal mazott |
nagyon pontos, gysr megmunk 8§l 8s't ®s csek®ly hRbevif
megmunk8l 8§8s egyedi param®terek be8ll 2t §s§t

anyagok v8g8s8§n§gl terjedt el. Mi nden esethb
annak intenzit8sa kell Ren nagy |l egyen.

A v8g8st mindig |lyukaszt8ssal kezdj ¢k, me
hRvezet ®s, megol vaszt 8s, el gRz°|l °gtet ®s, g
|l emezvastags8g eset®n (< 2mm) agy@ésmdpasta
ar8§nyosan tov8bb tart. Mi ut8n a |l emez §tl yu
kel odafigyelni: | ®zer teljes2t mBAnye ®s t
l emez s2kj8hoz shdpasgnzRagksel gbz1 §s, i mpul z
v8g- g8z, f Yav- ka 8t m®r Rj e, fYav- ka ®s a | eme:
l emezfed2dl. etAze anyag mi nRs®g rendk?2vgli m- d ¢
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sebess®get [ 3] .

lemezvat ags8g pedig a v8gS8si
ckr°zRdR f®mekkel, p ®I

tal 8l koznak er Rsen t :
k¢l °n°s odafigyel ®st ®s a | ®zerv§gg- el RE®
tul ajdonsg8gai mi att a gondatlan v8§g8s vagy

S®r ¢l ®s ®t okozhatj a. Al umi ni um al katr ®szek
g8zI| ®zeQne ke s1 Oh,udl | § mh o s s z § ne lncaxg8lotn neirnRis§ k ~I0 ¢
el ox8lt aluminiumng§l viszont az egy-098aiym)s §
mTk°dR di-dal ®zerek j°hetnek sz8&8m2t §s-ba, nRi

Al um2 ni umhoz hasrobncli--ajn¥ r°otsvs®zz gl begkyna®d K § grlus
mi NRs®g®t bef ol y8sgalljleta ef -ak ws8zgf8aslit sheebleyszseri

®
8§

Szint®n irodal mi adat okb - | i smert, hogy a
megj el enR szalkyB8dalsisgaotvded§si sebess®g ®s
a v&8g8si sebess®get cs°kkentj ¢k ®s a nyom§.
v8gand - al katr ®s z geometri ai t Tr®dse nem | e
fi gyel het R meg, hiszen a v&8g[6lsi r®sbRI ki f ¥%j

2 V8gpairam®t er ek

A 3 mm vastags8g¥% alum2nium | emez Vv8g§8si
anyagmegmunk§8lI - g®pen v®gezHBEKBYr amolgRPp§ Ble@=0c
I rodal mi adatok al apj 829 8[z71]®zdurrell um?2ari-um §°té
szak8l |l ass8&8g argon g8z al kal maz8sa mell ettt
is. A k®t g8z 8r 8ban gj®nl gnatvi8sr ak ¢[18°]n, b seReg®rvta r
al kal maz§8s§8val v®gezt ¢k, mi vel az i pari
befoly8solja. A | ®zerteljesztm®ny megv 8l as
t8maszkodtunksaiRi[vRe]ri ¥gywyst al8&l t 8§k, hogy 20
k®sz¢l t, 3 mm vasGzmegrsBegiiendenz®@s LCeOl val - vV § ¢
®r dess®g®ben a | egks sedlbj esr2tt®RR&rky, e n2 5W0a0IW %
v8g&d0k2500W teljes2tm®nyre 8l1l2tottuk. Az
|l emezfel ¢ginerte adalttt 81,132t va. Ez a f-kusztg8vo
el ®r het R maxinim8lis v8g8si sebewrsm ®Yev° Bt
f-kuszfolt-08§2m@&MRj&s 0ag 1munkag§8z nyom8sa 1°
v8ltoztattuk a frekvenci 8§t ®s a v8g8si sebe

1. t8bl 8§zat V8g8§sg 8 pla®aent
F F- k te h
VEg§si Ny om§ u yzete h e v
(bar) (Hz) (mm) (m/perc)
33 15 10000 -2,3 1
32 15 5000 -2,3 1
31 15 3000 -2,3 1
30 15 2000 -2,3 1
29 15 1000 -2,3 1
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28 15 500 -2,3 1
27 15 500 -2,3 11
34 15 500 -2,3 0,8
3 Vizsgsg8lati technika ®s m-dszer

Amint 8k ®rt ®k el Padatm&kt a®irldedkr®dfeinai vi zBzg&rlitat

mint8kat a v8g&sé Wk®ygekztRilr 85y bram, mer Rl eg
bejel°l ®se szerint) il lTetve mmvegsgtsagsr§xsie
v8g-t8rcs8&wmal dv &®tt klomplonensT hidegbe8gyaz§:
vizsgs8latr a.

:‘Z ™D W T W

=

o [ 1‘
o=
i i ' ¥
2 18 23 NS S'J
a) A v8g8si r ®sek b) a v8gott r ®se
1. 8bra A mint8k metallogr8fiai v

Vizes csiszol -egl®pRne&g2dusrega®v ¢ P8 0, P120,
szemcsem®retT (P1200, P2500) pap2rral s2kba
szuszpenzi-val (30Om ®s 10m) pol2roztuk. A
tiszt?2g oa trukj tme marad- abr8zi-s anyagokt |
maj d Keller reagenssel maratva vVvizsg8ltuk,
hRkezel Rd°tt anyagmennyi s®g az al apanwag
f ®mmi kroszk:-ppal ®s JEOL gy8rtm8nyY, JSM

v®gezt ¢k
4 Vi zs geSrleadtm®ny e k

41 Fel ¢vlieztsig81l at ok

Amint azt az 1. 8br8n is | &bhatebkesazme
v8g8sok, a atte@eme sf efl - (Hiegszfadl t t gykolSg&8gbam| n
m®rt ®ki g si keres. 500Hz frekvencia mellett
r®szIl egesen t°rt®nt meg a v8g8&s, helyenk®nt
Im/ perc sebess®g al kal maz8§sakor §8§thatolt a
ol dal ng8l a f el g/ eptersczeask Slelbaess,s ®gy2 gned , &t t sz
frekvencia eomelc@s®welbelgS®/p kmelt ImetntRka vwd t ak

p8szt8&z- elektronmikroszk-ppal vizsgs8l wWmg | ¢
°tvozet, viszont a |l emez felg¢lete ®rdes, ®
vegyi °ssagt @Gtl @alpa ng latg®nt - | (2. 8bra). Ez az
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l emez fel¢let®n j -1 [Abszorbes§l

Wk

-dott a | ®zer

a) eloxsglt fel b) v8g8si r ®s

N S :
o O |8 & 11l o
3 10 P W

c) elox8glt felg¢gled) v8gott ® I n§l felw

2. 8bra P8szt8&8z- elektronmikroszk: |

A v8g8sok si keres/ vagy si kertelen vol t §t
vizsg8lati eredm®nyei sokkal jobban tudj 8k

42 F®mmi krositk stg@sear edm®ny ek

b) c) d)
f) 9) h)

e)

3. 8bra A v8g8si r®sek megj eledFr@2« @ oll @ me
a) f=0,5 kHz, v=1,1 m/perc b) f=0,5 kHz, v=1m/perc c)f=0,5 kHz, v=0,8 m/perc dkid1, v=1 m/perc e) f=2
kHz, v=1 m/perc f) f=3 kHz, v=1 m/perc g) f=5 kHz, vmlperc h)=10 kHz, v=1 m/perc

A pol2rozott 8l lapot¥ keaekizalaBoyhts c®ssm
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M2g a | ®zersug8r bemeneti oldal g8n a felg¢let
egym8st ml peraeg WU8g8si sebess®g al kal maz§8sak
r ®s me rmaxinlumaos jellege mut at. Ahogy azt a 3. 8br §n

keresztmetszetben K3H z &g pdrces v8gs8isli| etevlee s ®y n RIHZ
08m/ perces v8g8si sebess®gn®l tapasztal hat
Annak meg8llap2t8&sa ®rdel®lyena mMmegyl| o awdd g «
f®m a mint 8kat maratott 8l lapotban is vizsg
r®s ki meneti oldal gt az 5. 8bra szeml®lteti

a)

4. 8bra A vinggjielr®@Psle a bhamEdxi Mol @tad

mar - szer: Kell er reagens

a) f=0,5 kHz, v=1,1 m/perc b) f=0,5 kHz, v=1m/perc ¢)f=0,5 kHz, v=0,8 m/perc dki41, v=1 m/perc e) f=2
kHz, v=1 m/perc f) f=3 kHz, v=1 m/perc g) f=5 kHz, vmlperc h)f=10 kHz, v=1 m/perc

f)

5. 8bra A v8g8§si r®sek megjelen®se a
Mar - szer: Keekadr200x reagens. N
a) f=0,5 kHz, v=1,1 m/perc b) f=0,5 kHz, v=1m/perd=),5 kHz,v=0,8 m/perc d) f=1kHz, v=1 m/perc e) f=2
kHz, v=1 m/perc f) f=3 kHz, v=tin/perc g) f=5 kHz, v=In/perc h)=10 kHz, v=1 m/perc
Ahogyazta3.5. 8br 8kon i s | 8t G0&tojsukt edz easl?k eab®anmy
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|l emezn®i/pesaksl1®s enn®l ki sebb hal ad§8si s el

r®seket kialak2tani. A 4. 8bra tanus8ga sz
munkag8z behatuml §sbae meeleRIlii ol dal n§l a | ®zer
15barnyom@se sk ag8z tov8bb vitte, nem maradt a
csak n®h8ny esetben nem tapasztal hat -envde-gd ¢
v8g8skor m/cpsearkc e0s, 8el Rt ol 8sii sebess®g mel |l et
szak8l Ilmips8ges lel Rt ol 8sii sebess®g al kal maz:
mel |l ett nem al akul tesfkekvensizmekefh 8§ g tst8 gf, e ldel &t &
°ml ed®ket tapasztaltunk, mint 10 kHz al kal a

5 Kvetkeztet ®s

3 mm vastags8§g¥%, elox8lt felg¢letT, alumin
Im/percesi | | et ve enn®l ki sebb v8g§8si sebes®gekk
mut athtogky a v E8gS8si fel ¢l eten nem maradt ° n
08m/iperc KBz 0y bl t, il letve, ha 1 m/ piatadozott.8 g !
Legszebb v&8§gsg8si fel¢letet 10kH frekvencia a
Kesz°netnyilvgn2t§s

A szerzRk k°sz°netet k2vn8Snnak mondani a

®s I nnov§8cival eddmivratt ad n akur - p-21.2PAGIHKFI202K00081 N o
sz8mY% projekt t8mogat §s8®rt.

6 Hi vat koz§8sok
[1] Buchfink, G. (2007). The laserasatddlo gel Buc hv e, r20621®., W¢r zt

[2l Buz a G&®Warr sugaras .t eclkdoalt ugi §8KkRp.E8& ol
https://docplayer.hu/75883718&zersugarasechnologiaki-buzagabor.html

[Bl Buza GSwerr:sugar as ,t ecdhuntouls: gFiR&38 klo | a . 20

[4] https://Bsersystems.ipgphotonics.com/resources/bloghimelasercut-copperandother
reflectivemetal

[5] Cekic, A., BegieHajdarevic, D., Kulenovic, M., & Omerspahic, A. (2014). CO2 laser
cutting of alloy steels using N2 assist gamcedia Engineerings9, 310-315.

[6] Yilbas, B. S. (2008). Laser cutting of thick sheet metals: Effects of cutting parameters o
kerf size variationsJournal of materials processing technolog91(1-3), 285290.

[7] Ri veiro, A., Quintero, F., Lus qu0y1p she F
role of the assist gas nature in laser cutting of aluminum alRdyssics Procedial 2, 548
554.

[8] https://www.lindegas.hu/shop/hufigigaz

Ol Ri veiro, A., Quintero, F.., Del Val , J.,

& Pou, J. (2017). Laser cutting of aluminum alloy -2024T3.Procedia
Manufacturing 13, 396401.

[10]Ri vei r o, A. Quinter o, F.., Lusqui Tos, |
investigation of CO2 laser cutting of 2628 alloy.Journal of Materials Processing
Technology21((9), 11381152.

120


https://docplayer.hu/7588378-Lezersugaras-technologiak-i-buza-gabor.html

M®r n° ki Szimp:-zium a
GBUDAI EGYETEM A MAGYAR S g gftSB 2021) .
GBUDA UNIVERSITY g p://bgk.uniobuda.hu/esb/2021 ESB

TUDOMANY
DNNEPE

Az ¢regk®pzRd®s vizsgs8l at a
nyom8sos alum2nium °ntv®nyb

Investigation of cavity formation and sealing of leakage
paths in die-cast aluminum castings

G8ti JGazzsced ,P®t er

X¥budai Egyet em, BudapeshudahuMagyar or sz8g, gat

¥sszefogl al 8§8s
Nyom8sos ©°ntalswsmidnilk@®@szgllkatr ®szek g8zt °me°

al kal mazott technol -gi 8t -1, berendez®st RI
alum2nium °tv°zet °sszet ®tel e, az ol vad®k
krist8lyda®h§eik, Kk®s¢;, tovEbbi sz8§mos t®nyez

al kal mazott speci 8lis nyom8sos °nt ®si t ec
al kal maz8sa mel |-2%adas i m®rat QkylBen mEBmeggOemdds ze
A g8zt ° mC°hrestGRy uetl-®& agos v8kuum i mpregn8l 8ss
illetve felg¢gletre kifut- porozit8sai l ez 8§
p-rusm®rettel b2r . cregek eset®ben hat §sos
K

ulcsszavakm2nyam8§8asv®hy, g8zt°m°rs®g, in

Abstract

The gas tightness of dast aluminum parts is highly dependent on the technology, equipment,
tool-dependent parameters used, the composition of the aluminum alloy, the melt quality, the
geometry of the duct, the solidification conditions, and many other factors. Even with the use
of special pressure casting technologies).(HPDGC vacuum assisted HPDC) to achieve gas
tightness, in extent of 0-5% of volume the product may contain cavities. Gas teggrcan be
achieved by postacuum impregnation, during which the surface porosities of the castings can
be sealed. The process is an effective technology, especially for cavities with a sufficiently smal
pore size.

Keywords: diecast aluminum castingsag tightness, impregnation

1 Bevezet ®s

A nagysz8§m¥% szakirodal mi adatok azt igazo
vel ej8r-ja a sz2v-d§gsi cregek, p-rusok (b
l evg8l aszt - anynalg8 sh8hbr-d  ts°zr8tr®mR - banar adv 8§ny ok
egy®b folytonoss8gi hi8nyok ®s inhomogenit§
jell emzRje porozit8s, a g8zt°m°rs®g m®rt ®ke

A nyom8sos °nt®ssel k®szlPtrbahumd kiad ma%z ¢
mTk°dR berendez®sekben, a kompresszortechn
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tulajdons8gai miatt. A nyom8sos °ntv®nyt a
v®kony falvast agksa8g,j edll Renyz®Rsk , meBesh agmBizt © m° r s ¢
°ntv®ny k¢l sR, gyorsan dermedR fel¢lete t°©°
okb-1 ®s v8ltozatos el oszl §sban por:-zus r ®s

Jel en tanul m8ny tk@srreet ek enr hblel egdy 8riy ®rk8 mos
g®pj §rmT kompresszorh8z g8§zt°m°rs®g®t befo
g8zt°m°rs®g el ®r ®se ®rdek®ben a megmunk$§8I §s

2 JellemzR °nhyc®m§yHho H8&l am2nium °ntyv

Az el Rad8s egy nyom8sos ©°nt®ssel, g8zton
kompresszorh8z vizsg8lata sor8n felt8rt fol
kit®r a felg¢letum kingruegn&l § ®s ®Dls etk® vERUR ke

A g®pj g&rmTvekben al kal mazott kompresszor
°ntv®nyh8za sziv8rgsgs, ®s nyom8sveszt®s n®
el ®r ®se ezen °tv°zetiekal®l anedPms ®@et jelemt
az ol-@ad@®kszil 8§rd f8§zis k°zottds szlsulgo®rgkd,§ s
illetve az olvad®kfel ¢ {l et oxid8ci-ja az ©°n
bekel ygimRwaximd is okozhat folytonoss8gi hib§gl
a jelens®g is, miszerint az o-l evladRRkdr-d aind etr

[
szabadulhatnatel.

A vizsg8latokat egy t°meggpe8RESEshamdimME®@Ds &
al katr®szen v®gezt ¢k, melyet az 1. 8bra sze

1. 8bra A vizsg8latba bevont al um2n

A kompresszor °ntv®ny fedel ®t t°meggySs8rt

menetes furatok forg8csol - megmunk§8l §ssal,
Ekkor az °nt®s sor8n k®pzRd°tt yéorse gerleenndesiz ea
ker ¢l hetnek, nyitott ¢regeket k®pezhet, mel
egy zsugorod8si ¢reg nyomait r°gz2ti ugyanc
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2. 8bra | regek °antkvoRmpyr ef sesdzRlr me g mu n k

3. 8bra felv®telei egy pLel dbpozati, mmar atsa

3. §8bra Maratott csiszolat sz°vetszerkeziu
hib8ja (k®b)ho ol dali

123



