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KºszºntŖ 

 

Az elm¼lt ®vtizedben megrendezett ESB ï Engineering Symposium at the B§nki ï konferenci§k 

hagyom§ny§t m®lt· m·don kºvetve az id®n is - a Covid-19 j§rv§ny jelentette kih²v§sok ®s 

neh®zs®gek ellen®re - siker¿lt a k¿lºnbºzŖ kutat·i ter¿letek k®pviselŖit megsz·l²tani ®s egy 

konferencia kºtetet ºssze§ll²tani, amely a kar oktat·in ®s doktorandusz hallgat·in t¼l a 

t§rsegyetemeinken tanul· ®s oktat· koll®g§inknak is k²n§lt publik§l§si lehetŖs®get. 

Tanulm§nykºtet¿nk a legsz²nvonalasabb publik§ci·kat mutatja be, magyar ®s angol nyelven. A 

cikkek t®magazdags§ga ®s soksz²nŤs®ge nagyon hŤen t¿krºzi napjaink hallatlanul izgalmas, 

kih²v§sokban gazdag idŖszak§t, kutat§si trendjeit ®s ir§ny§t. Ez¼ton szeretn®k kºszºnetet mondani 

elsŖsorban a kºtet szerzŖinek, de mindazoknak is, akik t§mogatt§k, valamint ºsztºnz®s¿kkel ®s 

seg²ts®g¿kkel nagyban hozz§j§rultak ahhoz, hogy e tanulm§nykºtet megjelenhetett. A 

tanulm§nykºtet soksz²nŤs®g®re ®s tartalmi gazdags§g§ra hivatkozva b²zom benne, hogy elnyeri 

minden olvas· tetsz®s®t ®s mind az akad®miai, mind pedig a v§llalati szf®r§ban tev®kenykedŖ 

szakemberek sz§m§ra ®rdekes ®s hasznos kiadv§ny. Olvas§s§hoz, tanulm§nyoz§s§hoz sok sikert 

k²v§nok! 

 

Budapest, 2021. december 15. 

 

Prof. Dr. Rajnai Zolt§n  

D®k§n 

ESB FŖv®dnºke 
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Greetings 

 

Following the tradition of the ESB - Engineering Symposium at the B§nki - conferences held in the 

last decade, despite the challenges and difficulties posed by the Covid-19 epidemic, this year, we 

also managed to attract representatives from various research fields. The conference proceedings 

offered a publication opportunity to our colleagues, researchers, and doctoral students studying and 

teaching at our or even at partner universities. Our volume presents the publications of the highest 

quality in Hungarian and English. The richness and diversity of the articles faithfully reflect the 

exciting and challenging times, research trends, and directions nowadays. I would like to take this 

opportunity to thank the authors of the articles and all those who have supported and contributed to 

the publication of this volume with their encouragement and assistance. Referring to the diversity 

and richness of the content of these proceedings, I am confident that it will win the approval of all 

readers and be exciting and valuable reading material for both academic and business professionals. 

I wish you good luck reading and studying! 

 

Budapest, December 15, 2021 

 

Prof. Dr. Zolt§n Rajnai  

Dean 

Patron of ESB 
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Abstract  

The rheocasting method is known as one of the techniques of Semi-solid metal (SSM). It is 

conducted between the states of solidus and liquidus in which a non-dendritic microstructure is 

created, and in a liquid matrix, it produces solid spheroids. This paper reports a Charpy Impact 

test which shows the Effect of Heat on the Charpy Impact toughness of the casting and the 

rheocasting for aluminum alloy EN AW 6082. The test samples are subjected to Charpy impact 

tests at different temperatures (0, 25, 40,100, -25, and -40)ÁC and compared the result of casting 

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, the 

scanning electron 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 AW 

6082 compared with casting aluminum alloy EN AW 6082 in all different temperatures. The 

value of rheocasting alloy toughness increased three or more times compared with casting alloy 

toughness. Besides, measuring the lateral dimensions of the alloy toughness after the test 

supported the toughness results, the variation of an explosive edge in the Charpy impact test for 

casting, and rheocasting samples at different temperatures compared to the edges in casting 

aluminum alloys. All Charpy impact tests for rheocasting samples test have higher measuring 

edge values than casting samples test, especially in high temperatures. The effect of the typical 

Brinell hardness test for rheocasting samples suggests an improvement in hardness from 95 to 

125 HB. 

Keywords: Semi-Solid, Rheocasting, aluminum alloy EN AW 6082, Toughness; Impact test, 

Charpy test, SEM test, hardness test. 

1 Introduction  

In an impact test, impact energy refers to the total amount of energy used. A given specimen 

that fractures after being tested below a high strain rate or quick loading state absorb the total energy. 

The Charpy test is the most popular type of impact test, and it is used in the laboratory to quantify 

impact energy [1-2]. The overall area under the stress-strain curve is reflected in the energy value. 

Furthermore, research on the link between fracture characteristics and microstructure of 

hypereutectic Al-Mg-Si alloy castings is included in this test. 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 effects 

of microstructure. The current work benefited from Charpy unnotched samples [3-4].  

Using an internal heat absorber technique, the rheocasting process presents a method to 

manufacture more cost-effective components with the practice of near-net-shape for various 

aluminum alloys. The rheocasting process seems possible through better process control during the 

slurry formation [5].  

The Charpy test, similarly identified as the Charpy V-notch test, is an identical high strain-rate 

test that determines the value of energy absorbed by an alloy through the fracture. The value of 

absorbed energy was measured of a given materialôs notch toughness and performances as a tool to 

study temperature-reliant on ductile-brittle change [16,17]. Charpy impact tests were conducted at 

all temperatures on the cast and rheocasting samples using a VEB machine along with a pendulum 

having obtainable energy of 50 J. The samples have V-notch 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-

silicon-magnesium alloy grade (Al Si1Mg Mn) is typically used for intricate and thin-walled 

castings of high strength demand. The functioning of the rheocasting process to produce slurries of 

the alloys mentioned above is described in detail in [6,10].  

Table 1. The chemical composition of Aluminum EN AW 6082 alloys. 

wt% Al  Mg Si Cr Fe Mn Cu Ti Zn 

EN AW 6082  Bal. 0.6 0.73  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, EN 

AW 6082 alloy is generally utilized for machining [7-8]. The most common uses are scaffolding 

elements, rail coach pieces, offshore projects, containers, machine-building, and mobile cranes. The 

alloy EN AW-6082 shows good resistance to dynamic loading conditions in the aforementioned 

applications. The resistance is attributed to its fine-grained structure. Besides this alloy, EN AW-

6082 is an expert for marine applications [18-19]. In the practical alloy EN AW 6082, aluminum 

alloys contents of Si and Mg range between 0.5-2.2 wt% as shown in Figure 1, generally by Si/Mg 

ratio of more than one. [7-17] 

 

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

2.1 Semi Solid Rheocasting Method 

The raw material for Semi-Solid Rheocasting (SSR) is obtained directly from ingot operations, 

with no intermediary solidification phase. The molten metal, slightly over the liquidus temperature 

in Figure 2, is poured into a steel mold and then treated with the rheocasting process to generate a 
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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 mold was specifically designed for this test. In this test process, in an alloy with a 

Semi-Solid temperature, the molten metal is held above the liquidus temperature for a short time 

while the alloy rotates (low temperature). Using the steel rod in rotating motion, Semi-Solid State 

interacts with the liquid-solid alloy, and a temperature incline exists amid the melt and the rod. The 

melt on the rod's surface partially solidifies as a result of this. The nuclei are formed and 

subsequently thrown into the melt due to the rotating motion of the rod at alloy Semi-Solid 

temperature, producing a globular microstructure of tiny grains [4,11]. 

Figure 3.a. illustrations schematically a phase diagram and typical of an alloy composition 

suitable for SSM rheocasting processes. The EN AW 6082 alloy composition must prove that it 

results in a wide solidification interval. As well as, the process temperature (slurry temperature) 

must be close to the eutectic knee point temperature in liquid fraction vs. temperature curve, shown 

in Figure 3. b. On two sides of the knee point, a meaningful 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 the 

working temperature, where the solid fraction sensitivity is as minor as possible when the 

temperature reductions. That helps stabilize the solid fraction, as the amount of heat needed to form 

the eutectic phase is large [12,15]. 

 

Figure 3. (a) Typical solidification range and processing temperature for SSM rheocasting, (b) 

Thermal analysis showing the maximum heat flow occurs at the eutectic temperature. [15] 

Furthermore, the alloy composition, rotating the alloy in semi-solid temperature, and the effects 

of the microstructure define the final alloy properties through numerous parameters, for example, 

intermetallic formation, alloying elements in solid solution and their result on solidification in 

rheocasting processes, microstructure as well as the morphology of particles and their effect on 

fluidity. The consequences of adding alloying elements can be predicted by considering them as 

impurities or a solid solution. These have a crucial role in influencing the alloy thermal conductivity 



 Kawan M. Abdulrahman, Viktor Gonda, and Mih§ly R®ger ï (ESB 2021) 

 

12 

 

and reducing this value intensely as the mean free path of electrons decreased significantly [14]. 

Since the unique metallurgical aspects of 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 electron 

microscopy data [20-21]. Before fracture, there was no visible plastic deformation in the brittle 

fracture. Furthermore, brittle fractures have less energy absorption and occur at high speeds, whereas 

ductile fractures have more plastic deformation before breakage [19]. Because of the absorption of 

a substantial amount of energy before fracture, extensive plasticity causes distorted grains around 

the crack to propagate slowly [21-20]. 

3 Result and Discussion  

3.1 Charpy Impact Test 

The Charpy V-test piece was used in our tests. The impact tests were performed at ambient 

temperature as well as at 100, 40, 25, 0, -25, -40, and -100ÁC. Warming to the test temperature was 

performed by rapid heating; the piece was put in contact with an aluminum plate preheated to the 

test temperature. This test uses a specimen that has dimensions of 10x10x55 mm. A notch is 

machined into the specimen. The V-notch design is specified in ASTM E 23 [17]. 

Rheocasting and casting aluminum alloys EN AW 6082 will be tested during the seven 

laboratory sections in which 14 specimens for each of these alloys (28 specimens in total) are studied 

at seven temperatures. The temperatures selected for the two types of alloys are 100, 40, 25, 0, -25, 

and -40 ÁC.    

The climatic chambers for thermal shock testing are used to subject samples to simple shocks 

by causing them to go from a high to a low-temperature area abruptly and repeatedly. It also seeks 

to classify faulty components and those linked to infant mortality (mainly in the electronics sector). 

For a significant number of cycles, the samples are placed within a portable basket that transports 

them from the cold to the hot compartment and vice versa. These chambers feature two or more test 

compartments, and the sample is quickly passed from one to the other (usually within 10 seconds). 

The temperature of the test compartments and the testing methods depend on the requirements 

of the standard, which defines the specific cycle to be performed. 

Using temperature ACS compact test chambers, it consists of several categories with various 

capacities and applications, and it is also obtainable to accommodate a variety of specimen sizes. 

Our test chambers can simulate a wide range of temperature conditions from -40  to 100  

(customized available, for example, constant extreme cold and hot. The specimens are moved to the 

Charpy testing machine easily, shattered, and assessed by the impact of energy. The fracture surfaces 

are inspected at the root of the notch for signs of shear or cleavage failure and lateral expansion after 

failure.  

Figure 4 represents the variation of the energy of the value absorbed in casting and rheocasting 

samples at different temperatures compared to the energy absorbed in casting aluminum alloys. For 

energy absorbed in both aluminum alloys (casting and rheocasting) samples at 100 ÁC, it is showed 

variation from 44 to 118 Joules. At a temperature of 40ÁC, it is increased from 41 to 101 Joules. In 

the casting alloy sample, the third temperature, such as room temperature 25ÁC, the toughness value 

was 39 Joules when the toughness value increased in the rheocasting sample to 99 Joules. The energy 

absorbed continually increases at low temperatures starting from (0, -25, and -40) ÁC shows the 

respective casting alloy samples of 26, 22, and 18 Joules, but the toughness values in rheocasting 

samples are 82,80, and 75 Joules. Consequently, all Charpy Impact test rheocasting samples have 

high energy values due to the non-dendritic microstructure of this alloy. 
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Figure 4. The energy of the value is absorbed in casting and rheocasting samples at different 

temperatures. 

3.2 Measuring the effect of Charpy Impact Test in the samples 

Figure 5 illustrates the Lateral expansion of as-cast and rheocasting Specimens at room 

temperatures. Measuring the cross-section of the square edge by using a digital vernier tool helps to 

find the effect of impact tests in the samples. The measuring cross-section of edges changes from 

one sample to another. These changes depend on the type of alloy and variation of temperature. 

Moreover, measuring the cross-section of any square edges changes following the impact test, which 

depends on the force acting on the specimens. 

The lateral expansion is measured: 

                                                           æw = wf ï wi                                                                 (1) 

where wf is the final lateral dimension, and wi is the initial lateral dimension.  

 

 
Figure 5. a. Lateral expansion of as-cast specimen in 25̄C, b. Lateral expansion of rheocasting 

specimen in 25̄C 

3.3  Measure lateral dimensions after impact Test 

The Charpy impact test sample has a square cross-section area, as illustrated 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 specimen 

that measures 2 mm in total length. ASTM E 23, type A, specifies a V-notch design. Before applying 

loads, the edge square dimension is (10 x10) mm [3]. The edge dimension changed after finishing 

the test. It means that the measuring of the edge square dimension changed with the change in the 

type of alloy and the temperature condition. The results of the impact test show that shear 

characterizes a smooth surface. Cleavage and brittleness describe a fine-grained fracture surface. 

Failures come in many shapes and sizes (part shear and part cleavage). It's generally a brittle fracture 

or cleavage if there's no plastic deformation after the fracture. In an impact test, lateral expansion 

determines the degree of plastic deformation. The thickening of the specimen during fracture is 

known as lateral expansion.  
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Figure 6. The standard square cross-section area of the Charpy impact test. 

Figure 7 illustrates the variation of a lateral dimensions edge in the Charpy impact test in casting 

and rheocasting samples at a different temperature compared to the edges in casting aluminum 

alloys. For measuring edges in two aluminum alloys (casting and rheocasting) samples at 100 ÁC, 

the edges showed variation from (9.94, 10.14, 9.87, 10.05) mm to (9.42, 11.74, 9.44, 9.4) mm. the 

maximum in rheocasting sample value in the edge (X2) increased to (11.47) mm. In temperature 

40ÁC, the edge increased from (9.9, 10.25, 10.12, 9.73) mm to (9.32, 12.01, 9.34, 9.33) mm.  

 

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 for casting and rheocasting   samples at room 

temperature 

Figures 8 and 9 show SEM images of the fracture surfaces, revealing a typical ductile and more 

ductile morphology for the casting and rheocasting circumstances. Both brittle and ductile fracture 

morphologies were seen in various portions of the impact test, and both specimens were examined 

at room temperature. Based on the modest Mg and Si peaks noticed in the spectrum, the energy-

dispersive X-ray spectroscopy (EDS) spectrum displayed in Figure 8.b. demonstrates that these 

precipitates are mostly Mg2Si precipitation. Figures 8 and 9 show comparisons of fracture surfaces 

acquired by SEM from impact specimens. In a ductile crystalline materials test, the fracture can 

happen by cleavage in the impact specimen as 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 the 

casting specimen. 
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Figure 8. a. The SEM image of grain boundaries in the undeformed part of casting Specimen (39J) 

b. EDX spectrum revealing the precipitation of Mg2Si of casting specimen. 

However, in the rheocasting impact specimen, more ductile fracture propagation among the 

severely deformed and elongated grains is observed to be more favorable Figure 9.a. showed the 

effect of more energy absorbed in the impact test compared with energy absorbed in casting 

specimen at room temperature. Based on the modest Mg and Si peaks identified in the spectrum, the 

energy-dispersive X-ray spectroscopy (EDS) spectrum displayed in Figure 9. b demonstrates that 

these precipitates are mostly Mg2Si precipitation. 

 

 

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 rheocasting 

Specimen. 

Because the more ductile fracture performed in the rheocasting sample impact test contains a 

significant degree of plastic deformation in crystallographic planes. Plastic deformation at grain 

boundaries is seen in Figures 10 and 11. Plastic deformation dissipates some energy from stress 

concentrations at grain borders, causing grain morphologies to change from spherical to 

longitudinal. Similar micro-cracks may also be discovered in the figure, in addition to the dimples. 

High Si levels were identified in the broken regions throughout the specimen, according to the EDX 

investigation [22].  

 

Figure 10. The ductile fracture surface of the rheocasting specimen. 
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Less ductile fracture typically includes little energy absorption. Figure 11 shows no more plastic 

deformation crystallographic planes. Mg2Si particle precipitation does not appear to improve the 

alloy's impact properties; in fact, only the rheocasting sample shows an increase in the absorbed 

impact energy relative to the casting ones. 

 

 

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 

Figure 12 shows the hardness value of the two alloy samples. It can be noted that the sample of 

the rheocasting alloy has the maximum hardness followed by the casting sample. The average 

hardness Brinell results from rheocasting sample 125 HB and casting sample 95 HB. 

 

 

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 investigation., Impact 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 aluminum alloys EN AW 6082 at casting and rheocasting 

conduction. The investigation on aluminum alloys EN AW 6082 with casting and rheocasting 

specimen illustrated that the absorbed energy of the selected rheocasting aluminum alloys increases 

in all temperatures (100, 40, 25, 0, -25, and -40 ÁC) and it becomes more when it is tested in high 

temperatures till 100 ÜC. The studies show a higher absorbed energy value in rheocasting aluminum 

alloy without heat treatment. The toughness value increased for the rheocasting specimens. On the 

contrary, the toughness decreases for the casting of aluminum alloy specimens. 

¶ The impact of processing on the microstructure of rheocasting alloy was utilized to alter the 

microstructure of the two-alloy casting in response to impact findings. 
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¶ When rheocasting alloy semi-solid microstructure, the impact toughness was the highest. This 

process allowed significantly more non-dendrite refining, which boosted impact toughness 

than suction casting. Furthermore, the absorbed energy value for rheocasting specimens grew 

more than a repeat value in casting samples during the Charpy test in all temperature 

circumstances, owing to the high relative energy. All Charpy impact test rheocasting samples 

test has high measuring edges values compared with casting samples test shows in test Figure 

4. 

¶ The maximum value of the edges (X2) was in casting alloy 10.73 mm at room temperature 

when this value is increased to 11.29 mm in rheocasting at room temperature. 

¶ A technique to illustrate more ductile damage is tested, which produced promising rheocasting 

impact results. Longitudinal grain boundaries fracture, but casting impact results showed less 

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

methods.  

¶ The average Brinell hardness test showed an increase in hardness from 95 to 125 HB for 

rheocasting samples.  
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Abstract  

The rheocasting process is a part of Semi-solid Processing (SSP) which includes processing of 

the metallic alloys, and this process is between the solidus and the liquidus states. The present 

work was focused on the results of mechanical properties (tensile, compression, and hardness 

tests) of the aluminum-magnesium-silicon alloys EN6063-T6 Extrusions and rheocasting were 

studied according to ASTM standards.  

Experimental results show that the regular casting of the alloys EN6063-T6 Extrusions 

microstructures shaped below is dendrite shape, and the rheocasting alloy is a spherical shape 

(non-dendritic). Compared to the dendritic form of the extrusions alloy, the resistance of the 

spherical shape microstructure of the rheocasting sample increases yield strength, ultimate tensile 

stress, and strain. The yield strength increases in the rheocasting result test were 290 MPa while 

the Extrusions result from the test outcome was 215 MPa, and the value of ultimate tensile stress 

and strain improved from 241, 0.08 to 340 MPa,0.11 in the rheocasting sample. Also, the 

rheocasting compression result improved in contrast to the extrusions compression result. 

Finally, the hardness test revealed that the rheocasting sample had higher results than the 

extrusion sample. 

Keywords: Semi-solid metal, Rheocasting process, aluminum alloy EN6063-T6, Tensile test, 

Compression test, hardness Brinell, Stress-strain curves.  

1 Introduction  

Semi-Solid Processing (SSP) includes forming metallic materials in different Semi-Solid 

temperatures, such as thixoforming. Besides, the aluminum alloy product manufactured by Semi-

Solid Processing consumes advanced mechanical properties associated with liquid metal forming 

[1,5]. Rheocasting is a short semi-solid metal forming process in which Semi-Solid slurry is 

deformed straight by rolling, extrusion, etc. [2,12]. The first important step of the rheocasting 

process is to prepare the semi-solid slurry. Therefore, rheocasting resulted in developing various 

successful preparing slurry processes of which mechanical stirring was successfully applied [15].  

The semi-solid parts have high mechanical properties comparable to those of the forged material 

and better than permanent mold castings [4,5]. Therefore, Semi-Solid processing has increasing uses 

in universal manufacturing, especially in a high-performance part along with a complex structure 
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[11,6]. 

The universal testers, which measure materials for stress, compression, or tension, are the most 

common measuring devices. Their main goal is to create the previously indicated stress-strain curve. 

When heat treatment settings are optimized, the tensile strength of 357 and modified 319 semi-solid 

formed aluminum alloys are superior to traditionally cast alloys [11]. That is due to the reduction in 

porosity and the spherical microstructure. After heat treatment, 319 alloys demonstrated exceptional 

ultimate tensile strength and yield strength of the order of 350 MPa and 280 MPa, respectively, over 

100 MPa greater than their conventionally cast equivalents. In a similar vein, [6,16]. The strength 

and ductility of various casting and forging alloys employed in the industrial manufacture of 

compressor wheels approach those of forged components following T6 heat treatment, as illustrated 

in Figure 1. Nonetheless, their study does not entirely address the impact of microstructural 

characteristics [10]. 

 

Figure 1.  The alloy T6 heat treatment, SSP 319 compared to cast C355, 354.0, and 319 alloys and 

forged 2618 alloy[6]. 

Under crushing loads, a compression test determines the properties of components. The sample 

is compressed, and deformation is noted for different loads. Compressive stress and strain were 

measured and plotted as a stress-strain diagram used to evaluate elastic maximum [6,2]. 

Many research publications on the mechanical characteristics of aluminum-magnesium-silicon 

alloys are also available. Compared to ordinary casting alloys, these studies are substantially less 

than those on microstructural change. For improved dependability, good design, and weight savings, 

it's critical to increase their mechanical qualities in tensile, compression, and hardness tests, as well 

as a strength [1,20]. 

The influence of the shape of primary - Al globules on ultimate tensile strength and elongation 

were demonstrated in an Aluminum-magnesium-silicon alloy [10, 6], as shown in Figure 2, i.e., as 

the shape factor increases (the more rounded the primary globules), the tensile and elongation 

properties increase as well [14,13]. 

 

Figure 2. Effect of primary -Al phase shape factor on ultimate tensile strength and 

semi-solid slurry elongation in Al-SiïMg alloy in an as-cast state [6]. 
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2 Metals and samples Preparation 

The chemical compositions of the alloy used in this study are given in Table 1. The aluminium 

magnesium-silicon alloy grade EN6063-T6 Extrusions is typically used for heavy-duty structures 

that demand high strength [7].  

Table 1. Chemical composition of Aluminium EN 6063 - T6 Extrusions alloy. 

 

EN 6063 is a heat-treatable medium to high-strength aluminum alloy with excellent corrosion 

resistance and weldability [19]. It has good cold formability in T4 but restricted formability in T6 

and is unsuitable for particularly intricate cross-sections [9]. The application of Aluminium 

magnesium-silicon alloys EN6063-T6 Extrusions is for heavy-duty structures such as Aerospace 

applications, Bridges, Military bridges, Motorboats, and Transport cases[9,8]. Add-ons of silicon to 

aluminum are very communal in Extrusions products; besides, magnesium-silicon is the highest 

alloying element in the 6XXX series of alloy [3,4].  

Scaffolding components, rail coach sections, offshore constructions, containers, machine-

building, and mobile cranes are the most common applications [7,8]. The alloy EN AW-6082 shows 

good resistance to dynamic loading conditions in the abovementioned applications. Its fine-grained 

structure is said to be the reason for its resistance. Aside from that, EN AW-6082 is an excellent 

choice for maritime applications [8, 19]. 

2.1 Method of procedure Semi-Solid Rheocasting (SSR) 

The melting temperature of aluminium EN6063-T6 Extrusions alloy is 660  is shown in Figure 

3. The phase diagram outlines the effect of the weight percent of Mg2Si as well as the phase transition 

temperatures. The alloy was melted in an electric resistance furnace set at 700 . The alloy was 

held in this furnace for minutes to allow for melting temperature. 

 

Figure 3. Pseudo-binary Al-Mg2Si phase diagram illustrating the possibility of 

formation of coarse eutectic Mg2Si under nonequilibrium conditions [4]. 

Then the crucible was withdrawn from the furnace, and the melted metal was in a cylinder 

stainless steel cup, and it was left to cold at room temperature. The above process was reiterated for 

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

EN6063-T6 Bal. 0.32 0.45 0.001 0.26 0. 1 0.25 0.001 0.1 0.031 
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the same metal for the rheocasting process. But this time, when the crucible was then withdrawn 

from the furnace, the melted metal was cooled internally using thermocouple k type to control 

cooling temperature [12]. The melted metals were then vigorously agitated for seconds at 650ÁC 

(semi-solid temperature) using a steel rod attached to an electric hand drill. That was done to break 

up the dendritic structure and create globular formations. When the dendritic microstructure is 

replaced with a globular microstructure, the alloy should be immediately cooled to room temperature 

with water to inhibit dendritic development [11,13]. 

3 Result and Discussion  

Five specimens for each alloy Extrusions and rheocasting were prepared for mechanical (tensile, 

compression and hardness) tests. The results of the test are listed as showing: 

3.1 Tensile tests results 

A universal testing machine is used to perform the tensile test, and the specimens are sliced 

according to the standard. Table 2 summarizes the outcomes collected. According to the 

conventional tensile test, the sample was tugged under the action of uniaxial pressures applied at 

both ends until the specimen fractured.  

The results of the tensile test could be switched into stress-strain curves, and the data might be 

signified as one of these curves. The variables such as yield stress, ultimate tensile stress (UTS) 

elongation, toughness, and fracture stress could be found from the curve of stress-strain.  

The stress-strain curve for the tensile graph before and after rheocasting showed the following. 

The yield strength and rheocasting samples were improved compared with the extrusions alloy to 

compare and show the effect of rheocasting on various mechanical properties. The yield strength in 

the rheocasting sample was increased when the yield strength in the extrusion sample was decreased. 

The strain was changed in the rheocasting alloy sample test illustrated in Table 2. The tensile results 

were plotted against their respective extrusions and semi-solid-state quenching cooling. Improve the 

Yield strength, Ultimate tensile stress, and Strain due to the resistance of the spherical shape 

microstructure of the rheocasting sample compared with the dendritic shape of the extrusions alloy. 

Table 2. Results of the stress-strain curve of the two-sample alloy. 

Aluminium 

types 

Yield Strength (ůy) 

MPa 

Ultimate Tensile Stress (UTS) 

MPa 
% Strain  

Aluminium 

Extrusions 
170 215 0.080 

Aluminium 

Rheocasting 
255 310 0.110 

3.2 Compression test results 

The compression test was carried out between two parallel plates with uniform velocity. 

Mechanical properties such as the yield strength („ώ) maximum and minimum force could be 

received by this work. The average maximum force is appropriate to compare the sample. To 

eliminate the possibility of error in the compression test, a minimum of five compressions for each 

alloy sample was tested, and the average value was calculated. The average maximum force for the 

rheocasting sample when the average maximum force for the extrusion sample as shown in Figure 

4. The extrusions sample was failed after applying the load, while the rheocasting sample was 
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resisted more before breaking. The non-dendritic microstructure of the rheocasting sample is the 

reason why a sample did not fail directly. The sample failure was located in the boundary of spherical 

grain depending on the surface roughness of the failure area. 

 

Figure 4. The Maximum Value of rheocasting alloy and Aluminium EN6063-T6Extrusions alloy 

Compression Force. 

3.3 Hardness test results 

Repeating a hardness test eliminates the possibility of error to the minimum. Five hardness 

readings were taken for each sample location, and the average readings were calculated. An 

experimental result shows that the rheocasting sample has maximum hardness because of the 

spherical shape microstructure of the rheocasting sample even though fracture elongation increased. 

Also, the complete uniform distribution of Mg2Si particles in rheocasting alloy with these particles 

increases and congregate after the act of quenching and cooling to the rheocasting sample. The 

influence of the smaller particle size of Mg2Si in rheocasting alloy reinforcement increases the 

hardness. Thus, the hard-fly ash particles help increase the 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 the 

rheocasting alloy has the maximum hardness followed by the Extrusions sample. 

 

Figure 5. The average Brinell hardness of Aluminium EN6063-T6Extrusions and rheocasting alloys. 

This change of hardness test back to the non-dendritic microstructure spherical grain 

relationship of the rheocasting sample and the method of cooling the rheocasting alloy (quenching). 

The microstructural mechanism of cast parts is a significant parameter that is worried about 
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extrusion manufacturing. The rheocasting process is found by controlling the shape and size of the 

primary phase and second phase morphology on the microstructure. This change in microstructure 

was affected in the hardness test of rheocasting alloy [18]. 

4 Conclusions  

The microstructure and mechanical characteristics of the aluminum-magnesium-silicon alloy 

EN 6063-T6 were altered and enhanced using the rheocasting method. Tensile, compression, and 

hardness characteristics of EN 6063-T6 Extrusions alloys are investigated to prepare two types of 

procedures (Extrusions and Rheocasting). The following findings were made: 

- The non-dendritic microstructure between the solidus and liquidus states was shown by the 

rheocasting test. 

- In the rheocasting sample test, yield strength and elongation climbed to 255 MPa. In contrast, 

the extrusions sample result was 170 MPa, and fracture elongation increases as the degree of 

non-dendritic microstructure increases. Compared to the extrusions sample, the ultimate tensile 

strength and elongation of the rheocasting sample alloy achieve 310 MPa and 0.110, 

respectively. 

-  The compression test findings corroborate the tensile test results. When compared to the 

extrusions sample, the rheocasting sample outcome improved. 

- The hardness test value increased due to the non-dendritic microstructure spherical grain 

connection of the rheocasting sample, the cooling process of the rheocasting alloy (quenching), 

and the smaller particle size of Mg2Si in the rheocasting alloy. 

- The differences in microstructure and mechanical characteristics indicated that the rheocasting 

alloy's mechanical qualities changed, 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, most 

notably its impact on shopping habits. The aim of this article is to examine whether the reactions 

to the coronavirus in the USA are also characteristic of Hungary. It aims to explore changes in 

arms purchasing habits and procedures as a result of COVID-19. It examines the results and 

consequences abroad and at home. It is important to take into account peopleôs psychological 

reactions to certain emergencies, which experiences may later help to respond in a more 

controlled way to events in the event of a similar outbreak. First, I map the changes in general 

purchasing habits, and then specifically the differences in arms purchases.  

Keywords: weapon purchase, self-defense 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 situations can change our well-established 

habits to a great extent. An excellent example of this is the outbreak of the coronavirus situation, as 

online shopping has skyrocketed. People switched to online space instead of personal appearances. 

Scientific research has shown that this is due to peopleôs fears. They want to preserve their health, 

their physical integrity, the safety of their property, and secure their future. By shopping online, they 

can protect their health from infections; no need to contact others or go to the crowd. 

They are triggered by the panic caused by the coronavirus, as they believe that in addition to 

illness, it also threatens well-being and security by reducing production or disrupting trade, which 

can lead to shortages of goods. Citizens can lose their jobs, become unemployed, deplete their 

reserves and have access to basic necessities at all costs, so those who are in a better position and 

think that those living in more modest circumstances, as soon as they have nothing to lose, are able 

to use violence. To get what is needed, their main goal is to protect their personal freedom and 

property. Of course, every buyer hopes it wonôt be needed, but if it does, be prepared. This fear gives 

birth to a special phenomenon, which is panic shopping. This occurs not only and exclusively in 

emergencies, but then it is most common. It involves buying, which causes even more panic. The 

media reacts badly to this, magnifies the situation, influences people psychologically, and 

encourages panic, even though it would be the exact opposite. 

The changes typical of the world prevailed in Hungary as well. The number of online purchases 

has greatly increased in Hungary as well. Moreover, customers have become more aware, fewer 

unnecessary products are added to the basket, but 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 themselves. 

Stress and anxiety provoked a reaction from people that led them to start buying self-defense devices 

for their own safety. The figure below (Figure 1) shows an increase in U.S. arms sales at the time of 

the coronavirus outbreak: 

 

 

Figure 1: Increase in the number of weapons purchased in the United States as a function 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 arms 

sales began to rise as soon as the number of cases began to increase. According to March gun 

purchase data, sales increased by 1 million units in just one month. The April-May data further 

confirm this trend, with sales up 64.3% more than expected. This is a good indication that Americans 

are much more likely to arm themselves for their health and safety than, for example, for political 

reasons or a post-massacre defense mechanism. Although they do it primarily to protect their health, 

unfortunately, the number of arms sales and the number of local violent, gun-related crimes are 

closely related. As the number of sales increased, the number of crimes also began to increase, and 

far more gun-related injuries were recorded than in previous periods. This suggests that one of the 

main reasons for the increase in gun crime is the panic caused by the COVID-19 epidemic. 

Unfortunately, arms companies also try to take advantage of peopleôs fears and encourage them, 

even more, to buy their products, trying to relax arms purchase laws and regulations as much as 

possible, of course, only to increase their revenues. As with general shopping habits, online shopping 

has come to the fore in the purchase of weapons. Although there were no restrictions on the opening 

hours of gun shops in the United States, many people opted for online ordering as it is a much safer 

solution to protect their health. With the opportunity to do so there, a lot of first gun purchases were 

made at this time of year, even those who had no guns at all so far. This was also facilitated by the 

loosening of the rules, for which the manufacturers lobbied.  

3 Self-defense 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 owners are 
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not required to have a gun license or gun purchase license. Moreover, they do not even have to 

declare that they own a firearm. There are states that explicitly prohibit state agencies from 

registering weapons in the hands of the population, such as Idaho and Alaska. The United States has 

two member states with relatively strict rules on arms possession, such as the state of New York and 

the District of Columbia (DC). Of course, if someone lives in these states and wants to buy a gun 

under more liberal regulations, they simply move to a state that is more liberal in terms of gun 

possession and buy a gun there for themselves. However, there is a common rule for all states: before 

making a purchase, the buyer is verified by the FBI through a system called the National Instant 

Criminal Background Check System (NICS), which takes just a few minutes. 

In contrast, in Hungary, the purchase of self-defense weapons is completely uniform and strict 

throughout the country. Obtaining a permit takes many months, and very rarely, in very justified 

cases, can someone get a weapon of self-defense. Unless it can be proven that a person is under life-

threatening threat, it is almost impossible for someone to get permission to buy a self-defense 

weapon, with a few exceptions. In recent years, self-defense weapons have also been withdrawn in 

most cases from members of law enforcement agencies, such as the police. These permits are for a 

fixed period of five years, which can be revoked if the danger is not justified. Very few countries in 

Europe have developed an arms culture similar to the American states, perhaps the Czech Republic 

being the only one where this can be observed. In the Czech Republic, most of the weapons held by 

citizens are weapons of self-defense. This is why the sale of gas-alarm self-defense weapons was 

compared in the article instead of sharp self-defense firearms, as no license is required to purchase 

these products in Hungary. It is a freely-available 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 to the street with 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 COVID-

19 pandemic changed shopping habits around the world and upset priorities. The protection of 

human life and the preservation of health have come to the fore; the desire for a sense of security 

intensified. 

The number of online purchases has multiplied, and people have preferred home transactions 

over personal appearances. It is a question of how much these new, suddenly coming habits will 

persist once the epidemic threat is over. Will everything return to the old wheelbase, or will new 

habits and priorities remain? As the emergency is still going on, the answer to this question lies in 

the future. However, we know for sure that due to the panic situation, people developed a desire to 

acquire self-defense equipment, and based on the data obtained, we can say that the arms purchase 

fever in the United States also appeared 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. Stress 

and anxiety provoked a reaction from people that led them to start buying self-defense devices for 

their own safety. Americans are much more likely to arm themselves for their health and safety than, 

for example, for political reasons or for a post-massacre defense mechanism. As with general 

shopping habits, online shopping has come to the fore in the purchase of weapons. Despite the fact 

that not all gun shops in the United States have closed, many have opted for online ordering, as it is 

a much safer way to protect their health. It turned out that despite the emergency, they were willing 

to visit an arms store in person three times as much to buy a self-defense 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 people's behavior and thus their 

shopping habits can be related to the viral situation. Just an event that is unpredictable and shows a 

larger deviation from your usual daily routine is enough. 
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Abstract 

Catalysis of the water oxidation reaction is of key importance for efficient artificial 

photosynthesis. Successful examples of molecular catalysts have demonstrated that redox-active 

ancillary ligands can assist metal centers in obtaining the reactive form. Still, also, such features 

have relevance to material systems, where the chemical environment of active sites tunes activity 

in a similar fashion. We found Fe containing molecular catalysts, in which the redox-active 

function of the NNôN pincer ancillary ligand is combined with high surface affinity. Here we 

discuss what we gain from this unique combination. 

Keywords: water oxidation, electrocatalysis, Fe complex, oxygen-evolving reaction 

 

1 Introduction  

Hydrogen is a chemical energy carrier generated by splitting water using renewable electricity 

directly. The oxygen evolution reaction (OER) is arguably the most challenging part of the overall 

water splitting. Catalysts for the OER have to deal with the removal of four electrons and four 

protons from two molecules of water, according to Eq. (1). That is a kinetically complex and 

thermodynamically uphill reaction. 

2H2O ­ O2 + 4H+ + 4eï (1) 

Encouraging results were published on Ru and Ir containing molecular water oxidation catalysts 

(WOCs) that combine efficiency with robustness. However, instead of noble metals, first-row 

transition metals might mean the proper solution if the aim is to utilize water splitting on a broader 

scale.  

1.1 Molecular mechanism of Fe-based water oxidation 

In general, transition metal complexes have unique redox reactivity due to their variable d 

electron configuration, making their utilization in catalysts for the OER appealing, most of all that 

of iron, which is the 4th most abundant element in the Earthôs crust. The molecular basis of catalytic 

activity is the reversible 1eï oxidation of the Fe-aqua adducts, (L)Fe2+ïOH2 (L stands for the 

ancillary ligand that binds Fe and tunes its redox reactivity, typically a multidentate N-donor organic 

molecule). Upon the oxidation of the metal center, the aqua ligand becomes more acidic and loses a 

proton. The oxidized form, (L)Fe3+ïOH, can undergo a second (and occasionally a third) oxidation; 

thus (L)Fe4+/5+=O can be obtained [1]. This mechanism facilitates the process by lowering the energy 

demand of the concomitant oxidation steps called redox leveling. As a result, (L)Fe2+ïOH2 
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complexes can reach high oxidation states that exhibit WOC activity within a narrow potential range. 

A major part is due to the ů- and ́ -donor character of the oxo ligand enabling rapid kinetics for the 

whole OER process [2ï4]. Note that in natural photosynthesis, similar molecular processes favor 

the rapid kinetics of the natural OER and suppress reactions in the reverse directions [5,6]. 

In addition to the removal of electrons and protons, the oxidation of water to O2 also demands 

the formation of an OïO single bond that is a chemical step in nature when (L)Fe4+/5+=O is formed. 

Note that once this peroxidic OïO intermediate has been formed. The further actions are 

thermodynamically favored under the reaction conditions, and O2 forms rapidly. Molecular catalysts 

for the OER follow two main types of mechanism, depending on whether an external H2O molecule 

participates in the formation of the OïO bond, or two MïO units react. The former mechanism 

corresponds to water nucleophilic attack (WNA), while the interaction of two MïO units is called 

I2M (Figure 1).  

 

Figure 1. Two types of the OïO bond formations are water nucleophilic attack (WNA) and the 

interaction of two MïO units (I2M). 

1.2 Immobilization of molecular catalysts on electrodes 

While the high reactivity, abundance, and low cost of iron are appealing, the often-insufficient 

stability of (L)Fe moieties is a severe drawback. There is clearly a space for further developments. 

Beyond this, the immobilization of WOCs on support (photo)electrodes to create advanced hybrid 

systems that combine efficient solar energy harvesting with high catalytic effectiveness also stands 

as a challenge. Grafting molecular catalysts to the surface of electrodes through covalent interactions 

typically requires synthetic modification steps that introduce linker groups on both sides. However, 

one needs to consider that structural changes are not always viable and may adversely affect the 

overall performance.  

On the other hand, non-covalent immobilization through self-assembly and surface precipitation 

of the precursors, physical confinement, or electrostatic interactions represent alternatives worth 

considering. Ad-layers of the molecular WOCs may exploit hydrophobic interactions between the 

surface and the water-insoluble molecules. While this strategy is successful for several compounds, 

experimental results suggest that the composition of the ancillary ligand plays a crucial role in 

determining the stability, activity, and light-response properties of the assemblies.  

1.3 Redox-active ligands in water oxidation catalysis [7] 

Growing attention is paid to the role of redox-active ligands in water splitting and their possible 

effects on the catalytic process in general [8]. Their role in supplying electrons or binding protons 

at different stages of the corresponding WNA or I2M mechanism has been realized [3]. Following 

the definition based on the literature, redox-active ligands can change their redox state and change 

the reactivity of the whole complex in a favorable direction. In the case of OER, redox-active ligands 

can accelerate the OïO bond formation, or reduce its activation energy by means of accommodating 

one or more electron vacancies in place of the metal center. However, if ligands intervene the 

mechanism, it is not always in favor of the OER catalytic efficiency. Unexpected effects may occur 

and account for the degradation of the catalyst. Realizing such redox activity also contributes to a 

better understanding. We highlight in the following the dual role of the redox-activity and high 
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affinity for surfaces of NNôN pincer, (semi)macrocyclic ligands during OER catalysis [9,10]. 

2 A redox-active ligand platform to aid a new generation of WOC 

catalysts?  

2.1 Fe-macrocycles and their analogies to NNôN pincer ligands 

Porphyrins, corroles, and phthalocyanines (Figure 2) are known for their robustness and redox-

activity due to their cyclic p-delocalization. The negative charges at the N donor groups can stabilize 

the coordinated Fe (or other metal) center in higher oxidation states. Therefore, such complexes 

were found suitable for many catalytic applications. These ligands represent a potentially redox-

active ligand platform with rich possibilities in molecular modifications [11]. In context with the 

present discussion of the pincer ligand platform, we emphasize that Fe-macrocycle catalysts for the 

OER are generally proposed to undergo first one-electron oxidation concerning the ligand followed 

by the oxidation of the Fe center.  

 

Figure 2. Macrocyclic ligands and a semi-macrocyclic pincer platform. 

Metallocorroles can act as efficient OER catalysts [11]. In metallocorroles, the stabilization of 

high-valent metal ions is viable through a combination of short metal-nitrogen bonds and large metal 

out-of-plane displacements [12]. These properties are also tunable by modifications in the NNôN 

pincer structure. The redox-active character of corroles and porphyrins is pronounced, and corroleÅ2ï 

radicals are known among metallocorroles [13]. There is gathering evidence that the redox-active 

behavior of this ligand family is determinant in the catalytic activity [14ï19]. 

Phthalocyanines (PCs) exhibit advantages in OER catalysis similar to those of porphyrins and 

corroles. For example, photocatalytic OER in the presence of a water-soluble Cu-PC complex was 

proposed to follow an I2M mechanism in borate buffer at pH 9.5 [20]. According to computations, 

a PC radical occurred upon 1e- oxidation of the complex instead of a metal-based electron loss. Thus 

the Cu3+ oxidation state did not occur. Significantly, competitive ligand exchange between chloride 

ions and water molecules for the fifth coordination site inhibited the reaction, calling attention to the 

potential adverse effect of anions. Note that we observed similar features in the case of an (L)Cu-

OH2 catalyst, where L was an NNôN donor bis-aryliminoisoindoline pincer ligand [21]. 

These ligands are available for surface immobilization through covalent linkers or axial 

coordination of the metal center by linkers or by exploiting their high absorptivity [15], which makes 

their utilization in (photo)electrodes directly available [11].  



  S. M. Al-Zuraiji, J. S. Pap ï (ESB 2021) 

 

33 

 

2.2 Results on Fe-based WOCs with NNôN donor bis-aryliminoisoindoline pincer ligands 

The NNôN donor bis-aryliminoisoindoline pincer ligands (BAIs) can act both as neutral or 

anionic ligands due to exocyclic imine functions that bind a proton (Figure 3). These rigid ligands 

occupy three sites in one plane around metal centers. Often both are supported stability and reactivity 

because variable coordination sites are available for substrate binding and activation (Figure 2) 

[22,23].  

 

Figure 3. Fe-binding by BAI ligands in the radical, anionic, and neutral (protonated) forms (the 

overall ionic charges were omitted for simplicity). 

Recently, we reported Fe- and Cu-BAI complexes to act as WOCs [9,10,21]. In particular, the 

[FeIIICl2(tia-BAI)] complex (tia-BAIī = 1,3-bis(2ô-thiazolylimino)isoindolinateī) [24] was pre-

catalyst to efficient water oxidation when immobilized on ITO electrodes by simple drop-casting. 

In borate buffer at pH 8.3 O2, product analysis indicated >80% Faraday efficiency and a turnover 

number of ca. 200 [9]. Surface analysis before and after electrolysis and re-dissolution tests 

suggested that an immobilized molecular catalyst was responsible for catalysis, while deactivation 

occurred by depletion of the metal.  

The catalytically active form following a WNA mechanism could be obtained by the exchange 

of chloride ligands to water molecules. In contrast, the pincer ligand provided high absorptivity of 

the Fe(tia-BAI) assembly to the oxide electrode surface. Electrochemical and spectroscopic 

investigations in homogeneous water-acetone mixtures indicated a WNA mechanism. Notably, 

ligand-based 1e- oxidation (redox-activity) and intramolecular H-atom transfer (internal base ligand 

function) occurred since all the forms in Figure 3 are capable of metal binding. The latter conclusion 

came from electrochemical detection of an intermediate in re-dissolved samples from drop-casted 

ITO previously exposed to long-term electrolysis.  

Notably, the ligand exchange in water-organic mixtures has led to the development of an 

electrodeposition method to form catalyst ad-layers for efficient WOC [10]. This method allowed to 

reduce the surface concentration of the catalyst by at least an order of magnitude compared to drop-

casting. Changing the thiazolyl arms in tia-BAI to benzothiazolyl ones increased the durability of 

the catalytic films, highlighting that the ancillary ligands play a crucial role in the stabilization of 

surface-adsorbates. 

3  Conclusion 

Our work involved Fe3+ dichloride complexes utilizing a heterocyclic pincer ligand platform, 

which served as a precursor to the true electrocatalyst, as aqua-complex. The BAIH ligand is a rigid, 

meridional structure; therefore, the question emerged, how this configuration would influence 

catalysis. Labile sites were shown to favor H2O binding and WOC. The redox activity of the pincer 

ligand seemed to play an essential role in generating the proposed active form in WNA, 

[FeIV(O)(H2O)(BAIĿ)]2+. The BAIH form played a role in proton channels in the further reaction 

steps (peroxide formation). The complex could be grafted to ITO or FTO as model anodes. The 

water-insolubility of the complex originated from the coordinated BAI- ligand that supported surface 

attachment and left open sites necessary for WOC. This complex design seems suitable for new 
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molecular catalyst/(photo)anode hybrids. The route of catalyst deactivation appeared to be the 

demetallation of the complex, but the water-insoluble ancillary ligand remained at the electrode, 

indicating its strong attachment to the surface. Finally, a simple electrodeposition method has been 

developed that allows immobilizing [FeIIICl2(BAI)] precursors. Electrodeposition has clear 

advantages over drop-casting or dip-coating of the complexes in terms of overpotential and better 

charge transfer properties. This method also reduced the number of complex requirements for long-

term operation stability. In one example, outstanding robustness could be demonstrated: a very 

stable complex-electrode combination was able to produce O2 by turnover number of >5,000 in 

borate buffer at pH 8.2. It is illustrated that 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 companies continuously spending money and resources to 

improve the production time minding the human resource push the ergonomics experts team to 

select the appropriate tool for each work station. This work is focused on developing a method 

for tool selection and tool design, keeping the care in the ergonomics and the anthropometrics 

for each worker group to improve the companies production. At the same time, the experts go 

through the principal factors for tool selection. As a result, a structured guide for managers is 

defined to ensure the correct and appropriate tool selection. 

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

 

1 Introduction  

Nowadays, in the growing industrialized world, the increasing number of work companies are 

continuously spending money and resources to improve the production time minding the human 

resource[1]. Watching the musculoskeletal disorders number in industrialized countries focuses on 

the observation process in companies that use hand tools to accomplish the exact activity in each 

work station[2]. 

Different standardized industrial documents identify the variables to be controlled and how 

these variables could affect worker behaviour. The way to acquire data [3] is important as well know 

that is not called in the documents several variables parameters that could significantly affect the 

final tool selection. 

The risk assessment tools in the industry are focused on the causes of different occupational 

diseases related to different body parts, and it was carried out from paper-pencil worksheets to virtual 

reality simulations to reproduce the causes of worker illness. In that sense, the companies challenge 

improving the management system every time[4]. 

The hand tools' ergonomic risk factors often depend on flexion and extension of the wrist, 

excessive muscular force, and many manual movements repetition. The extremity cumulative 

trauma disorders are recognized as key ergonomic risk factors by the ergonomics managers in each 

factory. In that sense, the guide for non-powered tool selection for specific work kinds shall be 

presented to improve production time and avoid worker injuries and future health disorders. 

According to the U.S. Bureau of Labour Statistics, the number of nonfatal occupational injuries 

and illnesses was 59,830 during 2015, where the source of injury responsible for more than 100.000 

was identified like hand tools or machinery. These data are shown in Table 1. 
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Table 1 Occupational injuries, illnesses incidence rate, and median days away from work for 

nonfatal incidents, US 2015 [5] 

Source of injury or 

illness 

Number  Incidence rate Median days 

away from work 

Machinery 59,830 54 7 

Hand tools 52,030 47 5 

 

The rest of the document is structured as follows. Section 2 Related works. Section 3 Tool 

selection method. Section 4 Results. Finally, Section 5 Conclusions. 

2 Related works 

 Typically, industrial workers use the hand tool according to the availability in the workplace. 

According to this statement, the managers and ergonomics experts make the study before starting 

the operation in the industry and select the adequate tool size. In this sense, the tool selection is done 

in three different stages: i) study workplace dimension, ii) anthropometric size of workers, iii) tool 

and worker selection. Kai WayLi [6] presents an Ergonomic design and evaluation of wire-tying 

hand tools (2002). This document introduces some examples for reducing the unnatural postures and 

muscular effort in designing a wire-tying hand tool. The results showed that the designs of pliers for 

the wire-tying task as far as muscular effort abnormal postures reduce the time and the workersô 

effort. 

In 2013 Gregor Harih and Bojan Dolġak [7] presented a Tool-handle design based on a digital 

human hand model, developing an anatomically accurate static digital human-hand model, which 

provided a higher overall comfort rating than to cylindrical handles.  Then Mohammad Sadegh 

Sohrabi [8] presents The effect of non-powered hand tools' diameter on comfort and maximum hand 

torque (2015) to show the effect of hand tools' diameter and comfort for estimating the optimal size 

of hand tools.  

In 2015 an Integration of Ergonomics Into Hand Tool Design: Principle and Presentation of an 

Example by Michel Aptel, Laurent Claudon and Jacques Marsot [9]  where is shown the features of 

hand tools relevant to the physical interaction between the implement and the human operator to 

reduce the worker illness due to longer use time of tools. Besides, Szabo Gyula [5] presents Usability 

of machinery (2017), where identified as a factor of work accidents Wrong operator behaviour 

during the work time In the industrial work place. 

Given the works cited above, it can be stated that design optimization and the correct tool 

selection is a fundamental fact in the current industry trend.  However, most cases try to make a 

selection without taking care of the anthropometrics of workers and comfort during the repetitive 

work activities. In this respect, most of the investigations reviewed have don't give a method for tool 

size selection. That is, in fact, the rationale behind the proposed methodical hand tool selection. 

Consequently, the proposed method is of great importance in demonstrating the advantages of 

making a correct tool selection. 

3 Tool selection method 

The Derived / Compiled Data collection method is used to evaluate the obtained information 

through a meta-analysis to define the selection criteria. The criteria for selecting information focus 

on collecting the main ergonomic characteristics of tools; for applying in general selection of devices 
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in the industry to avoid possible future disorders based on the statements of international 

occupational health institutions. 

The hand tools like hammers, chisels, pliers, screwdrivers, etc., always be a potential part of the 

injuries risk for workers during normal work activities. Different factors can cause work injuries, 

and additionally, the worker's illness could be considered in a different kind. The different injury 

kinds are shown in table 2. 

Table 2 Worker injury and possibles causes 

Injury or illness Possible Cause 

Cuts, abrasions, amputations, and punctures 

When hand tools are designed to cut or 

move metal and wood, the body parts 

easily can be cut 

Stress human muscles and ligaments, 

continuous numbness or poor circulation in 

hands and arms. 

Repetitive motion, using the same tool, in 

the same way, all day long 

Eye injuries 

Flying chips of wood or metal are a 

common hazard, often causing needless 

and permanent blindness 

Broken bones and bruises Stroke or slip with tools 

According to the Occupational Health and Safety Management Systems (OHSAs), the standard 

OHSAS 18001 [10] proposes the standard rules for health and security. To reduce work injuries, 

European Union directive 89/391/EEC [11] suggest introducing measures to encourage 

improvements in the safety and health of workers at work. The tool selection should be carried out 

in different steps like a) Know your job, b) Observation at your workspace, c) Improve your work 

posture, d) Correct tool selection. In this context, different steps are defined to make a correct tool 

selection, focused on the work activity, tool characteristics and Ergonomic Worker Positions. 

3.1 Work activity  

To start the selection process, it is necessary to analyze the work activity and the tools designed 

for specific tasks. If the tool is used for other non-specific activity deteriorates the tool and may 

cause damage, discomfort, or injury, as shown in figure 1. 

 

Figure 1 Work Activity characteristics 
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3.2 Tool characteristics 

The awkward postures, in addition to the harmful contact pressures, make a possible injury 

source in the future. To avoid it, the selected hand tools shall befit the hand, considering the main 

tool characteristics represented in table 3 and the evaluation criteria for each gadget. 

Table 3 Tool Characteristics [12] 

Selection Criteria Tool shape 
Tool dimension and 

weight 

Tool material and handle 

surface 

Characteristics 

Adaptive shape Lower weight tool 
High friction material for 

contact handle surface 

Rounded edge 
Tool dimension according 

to the activity 

Homogeneous force 

distribution for handle 

surface. 

3.3 Ergonomic Worker Positions-Way of handling the tool 

Identifying the work way during the activity is the next task during the selection. Figure 2 shows 

the tools applications. In connection with it, the handle way is analyzed in relation to the 

anthropometrics of hands of the workers to identify the tool size. 

 

 

 

 

 

 

 

 

 

Figure 2 Way of handling the tool [12] 

The industrial population of workers belongs to each country's economically active population 

group, where many studies were performed collecting the anthropometric of industrial workers. The 

related hand data is presented in Table 4. 

Table 4 Hand anthropometry[13]  

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 FINGER LENGTH 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 measure 

sizes are the main: index finger length, middle finger length, maximum grip diameter. After worker's 

hand anthropometrics data presented in table 3 is 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 size 

of the parts is between the shaded zone shown in figure 3 to assure the 90 per cent of the workers' 

hands could be used during the activity. 

 

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 is 

the most important size, due to the tool activities are made using this finger like the small contact 

between the gadget and the body, these anthropometric data are presented in Figure 3A. 

For the single handle tools subjection and power grip subjection, the maximum handgrip 

diameter is the most important size, due to the tool activities are made using thumb, middle, and 

index fingers like the small contact between the gadget and the body, these anthropometric data are 

presented in Figure 3B. Finally, for double hand tools subjection, the most important size is the 

middle finger. The tool activities are made using this finger, like the small contact between the 

gadget and the body. These anthropometric data are presented in Figure 3C. 

5 Conclusion  

The main goal is to improve production and save resources to get higher incomes in the industry. 

To ensure this goal is the protection of the worker from illness, the ergonomics managers will be 

cautious for tool selection size, to accomplish it for activities related to contact pressure subjection 

and pinch grip subjection, the selected tool shall be chosen between 6.19 centimetres to a maximum 

dimension of 7.71 centimetres. 

For the activities related to single handle tools subjection and power grip subjection, the selected 

tool shall be chosen between 4.46 centimetres to a maximum dimension of 5.74 centimetres. Finally, 

for activities related to double hand tools subjection, the selected tool shall be chosen lower to 7.11 

centimetres. 
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Abstract  

The concrete structures generate heat in the solidifying process. The influence of the heat can 

depend mainly on the composition of the cement, the quantity of the additives, and the heat 

properties of the insulation. The material properties, the heat generation, the thermal processes, 

and the shape of the concrete 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 and 

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 concrete 

structure, the rate of the gravel, and the additives.  

The cracking propagation can be characterized by different methods: 

- the maximum temperature difference must not be higher than 20 ÁC [1], 

- the maximum temperature difference (and the cracking risk) depends on the thermal 

expansion coefficient and the early age tensile strength [2], 

- the precooling and post-cooling technology, 

- the maximum temperature is 70 ÁC, and the temperature difference shall not exceed 19 ÁC 

[3]. 

The ACI 207.1R [4] defines the mass concrete crack propagation in general with the help of the 

combination of dimensions, 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 temperature 

measurement, and the article 700 mm x 700 mm x 1000 mm box shape used for modeling. 

Yonghui Huang et al. in [6] use a 1:5 scaled segmental model to determine the temperature field. 

After the test, the FE model was characterized by the measured temperatures and pipe cooling used. 

Jacob Michael et al. in [7] demonstrates the crack control, full-scale testing, and finite element 

analysis in the case of a concrete wall. An FEA evaluated the thermal and structural effects on the 

wall when using a controlled and novel concrete mixture. Ultimately, the novel mixture reduced the 

cracking potential of the wall. 
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As the last decadeôs literature shows, the researchers often use Finite element analysis to 

characterize the early age concrete temperature field. This calculation requires less time for the crack 

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 heat 

hydration. 

The examined CEM III is characterized in a viewpoint of heat generation with semi-adiabatic 

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

Figure 1. 

 

 

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

For the analysis, box shape was used with different dimensions (500 mm, 750 mm, 1000 mm, 

1250 mm, and 1500 mm). These shapes can be modeled with a simplified model for the finite 

element analysis because the initial and boundary conditions were symmetrical. According to these, 

only the one-eight volume was modeled for the calculation. 



Erzs®bet Domonyi, Istv§n Bar§nyi ï (ESB 2021) 

 

45 

 

 

Figure 2.The 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 3.5 

W/(mK), and the fresh concrete temperature (initial temperature) was 20 ÁC. Heat isolation was used 

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 minimum, 

maximum, and temperature difference in a function of time. The results were given with transient 

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 the 

maximum temperature was in the center of the blocks, and the minimum temperature was in the 

corner of the blocks. 

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

used edge lengths. 

 

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

Edge length [m] Max. temp. difference [ÁC] Time [h] 

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 maximum 

temperature, and the height 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 of 

characteristic dimensions and the heat generation function. On the other hand, when the engineering 

practice uses thicker sections or different heat generation cement, the specific isolation or inner 

colling can prevent the cracking formation. 
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Abstract  

The concrete structures generate heat in the solidifying process. The influence of the heat can 

depend mainly on the composition of the cement, the quantity of the additives, and the heat 

properties of the insulation. In engineering practice, mass concrete structures can be 

characterized by model test temperature measurement. 

In this study, the influence of the cement type on crack propagation is investigated and compared 

with finite element analysis. 

Keywords: mass concrete, heat generation, finite-element modeling 

 

1 Introd uction 

The concrete structures heat generation mainly depends on the volume of the mass concrete 

structure, the rate of the gravel, and the additives.  

The risk of cracking propagation can be described with the minimum and maximum temperature 

differences. According to [1], the maximum temperature difference needs to be a maximum of 20 

ÁC between the surface and the central zone. 

According to the CIRIA C600 standard, the maximum temperature difference between the inner 

zone of the concrete mass and its external surface (T max) is defined by the 19.9 ÁC when calculated 

with a 13x10-6 thermal expansion coefficient 70x10-6 ultimate tensile strength. 

The cement heat generation can be measured by adiabatic [2], semi-adiabatic [3], or isothermal 

[4] calorimeter. The measuring time and the time sample rate are depending on the Cement type and 

the type of the data collector. The more common solution is the usage of the semi-adiabatic 

environment with heat loss compensation, according to [5].  

Yan Li, Lei Nie, and Bo Wang in [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 predicted, 

and the basic of the crack propagation has been defined. 

Ju-Hyung Ha et al. in [7] found some cases in which the general field curing method could not 

satisfy the cracking criteria and needed automated curing technology. The article draws attention to 

the importance of the difference between the mass concrete surface and center temperature 

difference. 

Aneta Smolana et al. [8] used numerical methods and on-site measurement when describing the 

crack propagation and compared the two methods. With the help of the calculations and the 
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measurement determined, the finite element analysis described the 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 heat 

hydration. 

The examined material named CEM I and CEM III hydration heat were measured with a semi-

adiabatic calorimeter are explained in [9]. 

According to the literature, CEM I (Portland cement) and CEM III (blast furnace cement) were 

used. The CEM I type cement structures are stronger than the CEM III structures, but the heat 

generation is almost double. The measured heat generation is summarised in Figure 1. as a function 

of time. 

  

Figure 1. The CEM I (Portland cement) and CEM III (blast furnace cement) heat generation 

The applied concrete physical properties are summarized 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 concrete 20 ÁC 

In the model, the heat transfer coefficient was considered to be constant: 5 W/(m2K). The simple 

specimen geometry and the symmetric heat transfer conditions (initial and boundary conditions) 

enable us to take into account only the one-eighth of the unit cube. Three neighboring surfaces had 

a nonzero heat transfer coefficient only for simplification. The transient thermal analysis was applied 

for the calculation, and Ansys Workbench 2021 R2 was used. 

3 Results 

The Finite element results have been calculated for the whole process (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 I (left) and CEM III (right) 

case 

 

Figure 3. The maximum temperature, minimum temperature, and the temperature difference in 

the case of CEM I (left) and CEM III (right) case 

As Figure 3. shows, the cement heat generation greatly affects the temperature difference. On 

the left side of the figure, the difference is lower than 20ÁC. The difference is more significant than 

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 the 

corner) at 33 ÁC, but the inner temperature strongly depends on the cement chemical reactions. 

Based on the results, the CEM III type cement is better to build mass concrete structures than 

the CEM I type cement. As Table 2 summarizes, these two materials define different maximum 

temperature differences at different times. 

Table 2.  The temperature difference and its time to obtain its maximum value 

 concrete for 

CEM I 

concrete for 

CEM III  

maximum temp. diff. [ÁC]  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 structures are of primary importance 

to the technological problems. Based on the application of a simplified finite-element-based model, 

from our preliminary results, it can be concluded that the cracking sensibility can be increased when 

using CEM I-based concrete instead of CEM III concrete. According to the results, the center of the 

concrete body can be overheating, and the outer surfaces need to be isolated.  
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Abstract 

This paper makes an exploration about the global term ñhealthy workplace or 

safety workplaceò starting from WHO (World Health Organization) suggestions 

to overall models and frameworks that can be useful on the safety and Security 

Science. The purpose of the present work is to define a general 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: healthy workplace, workplace safety, safety environment, safety 

behavior. 
 

1 Introduction  

These days, even with all technological advances and well-being improving, the health and 

safety occupational abide an issue for national economies, the company members, and society to 

strongly take care [1], not only to avoid lost money but as a productivity strategy at the same time. 

Taking care of the employees is taking care of the work developed [2][3]. 

There are around 400,000,000 results in Google about ñhealthy workplaceò (it can be more 

dependents on the moment this paper is reading), they are increasing every day. Nonetheless, the 

interpretations can be thousands of what the phrase means [4][5].  

All these definitions for the term ñsafety or healthy workplaceò can be discussed and selected 

from different papers and studies, analyzed, and understood from different flanks. Still, the research 

question is: Can a meaning be defined for a healthy workplace that can fix and cover all fields of 

work? [6] 

The rest of the document is structured as follows. Section 2 Related works. Section 3 Term 

definitions about workplace given by WHO. Section 4 Defining workplace terms. Section 5 Results. 

Finally, Section 6 Conclusions. 

2 Related works 

The term ñsafety workplaceò has been widely explored. Some research is mainly about technical 

and organizational aspects in the companies, industries, or any institution that can be a place to 

work [7]. Many of the related works have delved into analyzing or proposing methods to improve 

workplace working conditions and safety climate in the workplace [6][8].  

In 2009, M. S. Christian et al. [6] focused on behaviorally oriented occupational safety, pointing 

out that even with all the effort to study workplace safety, an impressive quantity of information has 
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resulted plagued by lack of theory, weak methodology, and unclear conceptualization of constructs.  

In its publication about Healthy Workplace Framework and Model: Background and Supporting 

Literature and Practices [4], the World Health Organization intends to give a document that can be 

followed as practical guidance. The same work has mentioned the purpose of being adapted for 

specific cultures and regions, which will  collect the framework to provide practical assistance to 

industrial people for implementing the cure. [9]. 

3 Term definitions about health-safety workplace  

Many descriptions have surfaced when making a deep literature evaluation on the Web about 

the given definitions of a workplace. As a method of assessment of the information, before making 

an effort to define the term, it is needed to have clear definitions established. Collecting the 

information using the Derived/Compiled Data collection method, a systematic review of the 

information related to a healthy workplace was made. Subsequently, the following eligibility criteria 

were defined: the main given definitions to take into account, which should be directly related to 

international institutions that manage official internationally occupational health to make sure the 

term can embrace all regions. In such a manner, three international organizations have been selected 

to analyze the views or mentions about the safe workplace. Based on the number of states, the most 

relevant ones are present: World Health Organization (WHO 197 members), International Labour 

Organization (ILO 187 member states), 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 clearly identified: healthy workplace and healthy organization. 

A healthy organization does not necessarily mean a healthy workplace; both are connected but do 

not essentially point to the same as shown in Figure 1. Understanding both deeply makes the 

difference in defining what a healthy workplace in particular is.  

As WHO references, the healthy workplace terms show ña great emphasis in the employee 

situation on the physical and mental well-beingò. While a healthy organization ñconnects employee 

health and well-being into how operates and the work way to achieving its strategic goals [2]. 

It looks like a healthy organization compulsory promotes incorporating a healthy workplace and 

is related to how the organization achieves its goals and how plans to improve them from the 

perspective of the health and well-being of its employees. 

 

 
Figure 1. Healthy workplace vs. healthy organization 
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3.2 ILO perspective about workplace & decent work definition  

If the WHO focuses on defining what is important for human health from a general job view, 

the International Labour Office is guiding the governments in national laws and regulations to be 

applied at the workplace, intending to improve and make them safetier-healthier [10]. 

Promoting the fabulous idea of achieving a totally safe and healthy workplace has been the 

main issue in the ILO agenda since several years ago. ILO does not officially establish ñwhat exactly 

means a safety workplaceò, but the ñdecent workò meaning is clearly related to a healthy and safe 

workplace, as mentioned by ILO in its publications: Improving health in the workplace: ILOôs 

framework for action and Safe and healthy workplaces Making decent work a reality [11][10]. 

Consequently, ILO standards on OSH and ILOôs Policy do establish the following three core values 

about what shall have a workplace  to be considered like safety-healthy: i) safe and healthy working 

environment; ii) work well-being and human dignity; iii) possibilities for personal achievement, 

self-fulfi llment, and society service [12][10]. 

3.3 OSHA EU about health and safety in the workplace 

OSH establishes The Strategic Framework on Health and Safety at Work 2014-2020 to address 

the MSD risk factors and ergonomics as main challenges to get a safe workplace. OSHA EU points 

mainly to prevent risks factors at the workplace that can cause MSD and ergonomic-related illness, 

such as physical and biomechanical factors, organizational and psychosocial factors, individual and 

personal factors [13][14][15][10]. Therefore, OSHA recognizes that a ñsafety workplaceò will be 

one that:  do not impair/prevent impair the health and well-being of workers, also taking into account 

the possible impact on the surrounding communities and the environment; ii) have psychological 

and social well-being and the ability to conduct a socially and economically productive life [10]. 

4 Defining workplace term 

Before trying to define the term, the very first must be pointed to the certainties already 

determined around the term. According to the World Health Organization, healthy is defined as ñA 

state of mental, social and complete physical well-being, and not just the absence of illness or 

diseaseò [16]. On the other hand, all definitions in published literature have some points clear in 

common about the term; these are shown in Figure 2.  

The coincident affirmations about the term ñsafety or healthy workplaceò in the overall literature 

review are: i) Nowadays is assumed that employeesô health is incorporated into the WHO definition 

of health. ii) The relation between a healthy workplace and a healthy organization is directly 

connected. How is the order and employeesô health connected to operates and the work way to 

achieving its strategic goals. iii) The need includes health protection and health promotion for a 

healthy workplace [4]. 
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Figure 2. Clear points between overall meanings of a healthy workplace. 

 

 
Figure 3. Identified needs concern to achieve a healthy workplace 

5 Results  

The exact meaning or definition of workplace safety became more and more complex of 

typecasting in only a general term. One single term is enough, which includes and works for covering 

the whole specter of fields. Still, mainly that cannot be subject to subjectivity or incorrect 
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interpretations, to define the term is necessary to understand that any organization has specific 

necessities concern to achieve a healthy workplace. In Figure 3, these needs are summarized on their 

common points as; i) Physical work Environment : in the physical work environment health and 

safety concerns.t. ii)  Psychosocial Work Environment: in the psychosocial work environment 

health, safety and well-being concerns, including workplace culture and organization of work. iii) 

Personal Health: workplace personal health resources. iv) Community relations: different forms 

of participating in the community members to improve workers' health and the environment. 

Considering this background, WHO suggests a possible definition of the term "healthy 

workplace", which intends to involve the identified needs in organizations, overall reviews 

(frameworks and models), and coincidences points of certainties. The definition is proposed as: ñThe 

place where continuously improves the process to protect and promote the health, well-being, and 

safety by the workers and managers collaboration considering the identified needsò [4]. 

 

 
Figure 4. Mandatory points to be a safe workplace 

6 Conclusions  

As shown in the literature review about the definition, it is used "healthy workplace or safety 

workplace" term to refer to the same issue. Both terms can be considered synonyms since they 

approach the same point inside the Safety and Security Science. 

The definition of safety or healthy workplace points directly to satisfy the identified needs 

about safe and occupational health shown in Figure 4 to include all interpretations of the term. 

A òhealthy workplaceò concept is adjusted to the definition only if the workplace has the 

following four mandatory points shown in Figure 4: i) Prim ary prevention. Identify and prevent 

the sources of possible illness or injuries in the first instance. ii ) Secondary prevention. Services 

of ñpersonal health care resourcesò by employer-provided in the case if the community is not 

available. iii) Tertiary prevention - Positive feedback. Assure the work environment that does not 

cause re-injury or reoccurrence of an illness for workers who have recovered from the disease work-

related or not. iv) comfortability inclusive. A workplace provides supportive and accommodating 

workers with chronic diseases or disabilities, including other groups like older workers. 

As future work, a study of Regional Approaches To Healthy Workplaces should 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 approach, human decision-making is 

focused on quantitative aspects. This means that it is taken into account when determining 

economic processes and making forecasts so that a decision can be pure yes or purely no. 

However, most situations in our everyday life and systems (from economic behavior to social 

sciences, project management models, etc.) cannot be described exactly by this logic. Soft 

computing methods such as fuzzy logic, neural networks, or genetic algorithms can solve this 

problem. In particular, there is great potential in the introduction of fuzzy logic. The paper 

provides insights into the development of decision theory, with a particular focus on the impact 

of behavioral science in decision theory, and demonstrates the applicability of fuzzy systems in 

economic decision making 

 

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

economy 

 

1 Chapter 

As stated by to the classical approach of economic decision theory, human decision-making is 

focused on quantitative aspects. The starting point for this is that the products and services on the 

market can be counted, so it is worth studying the laws of supply and demand in this way. And this 

model sheds light on exactly what the seller and the buyer aim for, which is to maximize utility 

[1].  Taylor created the classical economic model based on the same principles [2]. In describing 

decision-making behavior, both Smith and Taylor [2] first examined the motivation and purpose for 

which producers and consumers participate in the interactions created by goods. The principle that 

was formulated as a result of this was the principle of utility, that is, the principle of utility. This was 

defined as the ability of a person to meet his needs. In their view, the goal of the individual is always 

to maximize his or her own benefit, that is, to achieve the full benefit. 

As claimed by Smith [1], the process looks like the decision maker can usually choose from 

several alternatives. If these alternatives are implemented, they lead to some consequences or results, 

and each of them has a defined value and probability. Based on Taylorôs model, the probability of 

all outcomes for choosing a particular alternative is: 1. The decision maker has information about 
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the alternatives and their consequences. The decision-makerôs ability to discriminate between 

alternatives is extremely sensitive. In this case, the decision maker will prefer the alternative that 

provides the maximum benefit. 

However, this view must be partially refuted by modern economic research, as it is still 

influenced by: the system of habits, the effect of competition, the effect of social institutions, the 

difference in market values. Furthermore, the fact that we are often unable to carry out a complicated 

procedure mentally and in time also hinders everything. 

According to the rigorous reinforcement model [3] to explain decision-making behavior, we 

need to explore the rewards 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 directly 

related to the decision as possible. Confirmation is more effective if it happens with certain breaks, 

interruptions. It is important to note that positive reinforcement is more effective than negative 

reinforcement in all cases. 

The theory of bounded rationality [4] takes into account that manôs ability to process information 

is limited in decision making. This theory also allows and accepts the sequential enumeration of 

alternatives that provide a solution to the problem. However, it excludes alternatives that are 

considered inappropriate immediately and identifies new ones only after that. This requires the 

establishment of pre-defined 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 make 

decisions based on the principle of objective rationality, thereby striving for a satisfactory decision. 

The limitedly rational decision-maker thus uses heuristics to help steer the search for alternatives in 

a way in which we have a high chance of finding a satisfactory solution. As a result of 

overconfidence, one stops seeking information and thinking too soon, suppressing healthy doubt, 

and making a hasty decision. Too little confidence, on the other hand, leads to procrastination.  

The phenomenon of priority effect was first studied in 1946 by social psychologist Solomon 

Asch [5]. It is a cognitive bias that makes it easier to recall and has a greater impact on information 

we have acquired earlier than we have learned later, regardless of its source or authenticity. 

In our decisions, we strive 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 assumed, 

however, these adverse events can occur and the context of the decisions is based on assumptions 

about different realities. 

 Based on the risk perception of economists, both the negative and positive effects of a 

decision must be considered. And risk is the expected (negative) usefulness of an 

undesirable consequence. The goal is to maximize social benefits while preserving benefits, 

reducing risks while using resources efficiently 

 Psychological approaches further increase the relevance of subjective judgment compared 

to economic perceptions. They do this in three different ways [6]: on the one hand, they try 

to grasp why people do not make their risk decisions based on probabilities and expected 

values. On the other hand, research has shown that even if they make decisions based on 

quantified values, the probabilistic information, and thus the risks, are still incorrectly 

assessed. Last but not least, the perception of risk is greatly influenced by the given context. 

This often causes inconsistencies in decisions. It can be said that psychological approaches 

judge not only the effect but also its probability and the way they are aggregated. The result 

is a subjective expected value based on perceived probability instead of absolute 

probabilities. 

 According to the anthropological approach, in addition to social influences, cultural 

background also plays a role in assessing uncertainty and thus in taking risks. According to 
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this approach, the definition of adverse events, the perception of uncertainty, but even 

reality is the result of social embedding. In their research, Douglas and Wildavsky [7] found 

that peopleôs reactions are reflected in their social status, their ability to assert power, and 

based on this, they may belong to the center or periphery. While the former is more 

acceptable to individualist and hierarchical value systems, the latter are characterized 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 using 

classical fly computation methods, such as the Fuzzy [8][9] logic. For the subjective decisions 

presented in this case, there are not two states, and even multiple membership functions can be used 

to model the outcome of a system. Similarly, phenomenological models can be fitted to existing data 

using the so-called black box method. A function relation between input and output data can be 

searched for that describes the relationship between the two well. In these models, even qualitative 

attributes, in my case decision outcomes, can be interpreted, for example by using Dummy [10] 

variables. 

It is also worth exploring other methods to model subjective decisions, such as biologically 

inspired soft computing methods. The main lines of these methods are the fuzzy inference systems, 

neural networks, and genetic algorithms already presented. Since the objective assessment and 

modeling of behavioral economics has many difficulties due to the need to take subjectivity into 

account, I would like to examine the adaptability of the above-mentioned methods; in particular, 

Fuzzy Logic [11][12]. Indeed, this technique can be used to describe mathematically the human way 

of thinking. 

They can be used for decision and risk assessment in many areas of economic processes. In 

1988, Ponsard [13] published a comprehensive study in which he examined whether the effects of 

weaker rationality and the consequences of decisions could be described in addition to the 

homeoeconomic model, instead of the two clear-cut positions. In his work, he presents three 

examples of the usefulness 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 be 

distributed using fuzzy decision theory, allowing, for example, optimal tax allocation or optimal 

allocation of project costs. 

Aliev [15] argued that many economic dynamical systems become inherently fuzzy due to 

uncertain initial conditions and parameters. In his study, he considered an economic system as a 

human-centered and imperfectly informed multiagent system with a realistic representation based 

on fuzzy logic, using fuzzy "if-then" language and fuzzy differential equations to model economic 

agents.  To incorporate the motivational input variables of economic agents into his model, he 

created a behavioral model of the agents using the fuzzy and Bayes-Shortliffe approach. 

The prioritization of research and development (R&D) projects as investments is a well-known 

problem, complicated by incomplete and imprecise information on the future profitability of 

projects. Fuzzy techniques can also be applied in this area, as demonstrated by Hassanzadeh et al 

[16]. Their research aims to develop a practical research and development (R&D) portfolio selection 

model that addresses the issue of efficient valuation of R&D projects while addressing R&D 

uncertainty in portfolio optimization. Fuzzy set theory was used to capture and model the uncertain 

project information. An example is also presented to compare these measures and illustrate the 

simplicity and applicability of the proposed approach. 
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2 Conclusion 

In the course of the study, we have presented the current state of decision theory and the 

limitations of classical mathematics and economics for economic decisions. After the problem 

statement, we presented several studies in the literature, through which we explored the valuable 

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 protocols 

may not stay that way. Quantum mechanics provides means to create an inherently secure 

communication channel that is protected by the laws of physics and not by the computational 

hardness of certain mathematical problems. This paper is a non-technical overview of quantum 

key distribution, one of the most well-known applications of quantum cryptography, a type of 

cryptography poised to exploit the laws of quantum mechanics. 
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1 Introduction  

Q-Day is coming! In a recently published Feature article in Nature [1], the author assesses the 

threat Quantum computers impose on the cryptographic systems currently in use. The 

aforementioned Q-Day refers to the day when quantum computers will have become powerful 

enough to break the security schemes of the day. 

The safety of our communication systems today is based on mathematical problems that are 

hard: Even if we had access to a super computer, we wouldnôt be able to do the required calculations 

in a reasonable time. The prime factorization (splitting a number into prime factors) or the problem 

of the discrete logarithm (a number theoretic version of the well-known problem of finding the 

logarithm of a number) is hard because there are no quick or efficient algorithms to solve them. On 

the other hand, if someone 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. Quantum 

computers promise to be able to run algorithms that can solve current essentially unsolvable 

problems very efficiently. In order to keep our data secure, there are several strategies we can 

implement. One way to go is post-quantum cryptography. Another approach is to make the delivery 

of the key that is required for the decryption extremely secure: We could enroll quantum mechanics 

to make the communication channel secure against any kind of eaves-dropping.  If the eavesdropper 

has nothing to decode, then it doesn't matter what kind of computer they have access to. The aim of 

this article is to give a non-technical survey of one of the contemporary methods: the quantum key 

distribution. I hope to shed some light on the role quantum mechanics is playing in the process. 

The paper is organized as follows: Section 2 is about the very first system that utilized quantum 

mechanics to secure a communication channel. This system is based solely on the Heisenberg 

principle. Section 3 describes systems that use entanglement, another feature of quantum mechanics, 

to make channels secure. It is not easy to create and control the quantum systems necessary for 

successful operation. In general, complex systems are more vulnerable than simple ones. The device-
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independent realizations of the protocols get rid of this disadvantage: Their successful deployment 

does not depend on the inner workings of a device, only on the fact that the device functions as 

prescribed. Some solutions can even handle the case when the hardware is produced by an 

adversarial party. Section 4 covers some of the latest developments in this area. 

In this paper, I would like to concentrate on the quantum aspect of cryptography. For classical 

cryptographic terminology, please refer to any of the many textbooks available (e.g., [4]). There are 

a lot of technical surveys on quantum key distribution, e.g. [5] and [6], just to mention a few. 

The idea of this paper came to me while I was reading Mordechai Rorvigôs article [22] in Quanta 

magazine and the paper [23] by Norbert Ny§ri published in Safety and Security Sciences Review 

(Biztons§gtudomanyi Szemle). 

2 Basic Idea: BB84 

The goal of key distribution in cryptography is to share, in a very secure manner (no expense is 

spared), a small amount of information in order to use it as a one-time pad to code and decode much 

more information later, still securely. It is assumed that the communicating parties did not share any 

secret information beforehand: They have to rely on the presently shared key if they want to 

communicate securely.  

In the case of quantum key distribution, the communicating parties recruit quantum mechanics 

to make sure their key is distributed safely. The first paper on quantum key distribution was 

published by Charles H. Bennett and Gilles Brassard in 1984 [2, 3], hence the designation BB84. As 

usual, we are going to call the communicating parties Alice and Bob, and the eavesdropping 

adversary will be called Eve. Alice would like to share a key with Bob only in order to communicate 

with him securely. To do this, she is going to use a quantum and a classical channel, but only when 

the protocol indicates it. There is no communication between them outside of the protocol. The 

quantum channel uses quantum bits, bits that behave observably according to quantum mechanics. 

The classical channel uses conventional classical 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 to 

represent the values 1 and 0 on such a dial. For example, the pointer 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 the 

west, corresponding to the value 0. Another way to express these values on the dial is to assign the 

value 1 to pointers pointing north-east or south-west and the value 0 to pointers aiming north-west 

or south-east. 

Suppose Alice prepares a classical bit using this representation (the dial and the pointer) and 

sends it to Bob. Bob has two masks: One, called Rectilinear (R), with slits oriented north/south and 

east/west. The other one, called Diagonal (D), with slits oriented north-east/south-west and north-

west/south-east. If Alice sends a dial with a pointer aimed north and Bob uses the Rectilinear mask, 

he can read out the value of the bit, which is 1. If he uses the Diagonal mask, he wonôt get a value. 

All he learns is the fact that he used the wrong mask. At least he learns something, even in this case. 

Now, suppose Alice prepares a quantum bit using the same kind of representation as before, 

only this time the dial and the pointer are quantum.  She, again, sends the bit to Bob. The set of 

masks Bob possesses is the same as before. If Alice sends a dial with a pointer aimed north and Bob 

applies the Rectilinear mask, he 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 same 

mask, again and again, he is going to get the correct value every time. But if Bob chooses to use the 

Diagonal mask, he will get a value: It will be 1 approximately half of the time and 0 the other half 

of the time. This is the consequence of the quantum nature of the bit. If Alice sends only one quantum 
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bit to Bob and he can choose a mask freely, then 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 of 

communication? One answer is the BB84 protocol. 

The process begins with Alice creating a sequence of n random bits. Part of this sequence will 

form the key at the end of the process. She creates another sequence of n bits and uses this second 

sequence to choose a representation for each 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.e., a 

representation readable correctly using the Rectilinear mask) for the corresponding bit in her first 

sequence. Similarly, a bit of value 0 in her second sequence will correspond to a Diagonal 

representation readable correctly by the Diagonal mask. 

Suppose Alice obtained twelve bits on her first run and another twelve on her second run. Figure 

1 shows the first steps of the protocol. Alice decided to use the north/south pointer to represent the 

value 1 in the case of the Rectilinear representation and the northeast/southwest pointer to represent 

the same value in the case of the Diagonal representation. 

 

Figure 1. First steps in BB84 protocol. 

Next, Alice sends her representations via a quantum channel, for example, via fiber-optic cable 

using photons, to Bob. Since Bob doesnôt know what representation Alice used for the individual 

bits, he creates twelve (in general n) random bits and chooses masks accordingly. For example, if 

the bit he got is 1, he is going to use the Rectilinear mask and the Diagonal mask otherwise. Figure 

2 shows the result of his decision. 

 

Figure 2. Bobôs measurements. 

Where the actual representation and the mask type coincide, Bob gets the correct value every 

time. If there is a mismatch, the result will be random: about half the time, Bob sees a 1, and the 

other half the time a 0. Once Bob is done with the inspection, the communicating parties use a 

classical public channel that is susceptible to eavesdropping but not to any kind of modification of 

the communication. They compare the types of representation Alice used with the masks Bob used. 

They keep those bits where the mask matches the type (Figure 3). 
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Figure 3. Bits to keep. 

Finally, Alice and Bob have to make sure the quantum channel they used was not compromised. 

In order to do this, they could share with each other some portion of the kept bits and see how many 

of them actually match. 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 be 

compromised and throw away all the bits: Every bit which Eve interacted with has a chance to be 

corrupted and could contribute to the tally. If the number of mismatches is low, they can use the 

remaining bits as a random key. 

Even though the protocol is unconditionally secure [8, 9], its physical implementation opens up 

possibilities for attacking the system [10]. In response to this observation, researchers started to work 

on device-independent realizations of these protocols. The last major section of this paper gives an 

overview of some very recent results. 

3 More Quantum: BBM92, E91 

The BB84 protocol is based on Heisenbergôs uncertainty principle (observation affects the 

observed system) and the No-cloning theorem. There is another feature of quantum mechanics that 

can help to make a quantum channel secure beyond classical security. 

Entanglement in quantum mechanics is the idea that parts of a quantum system can be related 

beyond any classical connection. One way to imagine this is to consider two coins that are connected 

in a non-classical way as follows: If we flip one of the coins and get heads, then 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 and 

get tails, then flipping the other coin will result in tails. The two coins either will show two heads, 

or they will show two tails, never one head and one tail. If we take two such coins, that means two 

coins that are connected in such a non-classical way, far away from each other, they will retain this 

property. This idea has bothered Albert Einstein and, along with two of his colleagues, Boris 

Podolsky and Nathan Rosen, suggested a thought experiment to point out that perhaps quantum 

mechanics is not complete. What was then a thought experiment is now a routine process in physics 

laboratories. A quantum bit pair that possesses this kind of non-classical property is often called an 

EPR pair. 

In [11], Artur K. Ekert introduced a protocol, now referred to as E91, that was based on 

entanglement. The method used Bellôs theorem, which quantifies the non-classical correlation 

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 pair 

to Alice and the other bit of the same pair to Bob. All the pairs are prepared in one of the four 
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preferred states; for example, the bits are perfectly correlated. Using the dial analogy of the previous 

section, if we looked at one of them and found that it points north/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 have three-three 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 pointing 

north-east, and one pointing north, while Bob has one pointing north-east, one pointing north, and 

one pointing north-west. They choose a mask for each observation independently from each other 

and from their previous choices. They perform the measurement on the bit that they have received 

and record the result along with the mask they used. Once they are done with all the planned 

measurements, they announce their mask choices on a public channel that is, again, susceptible to 

eavesdropping but resists all kinds of tampering. They divide their results according to their mask 

choices: One group will consist of those measurements where they used the same mask and the other 

where they used different masks.  

Next, they revealed their measurement results for the second group, where they used different 

masks. Based on these results, they can compute the correlation between their measurements. If Eve 

tries to interfere with the process by manipulating the entangled pairs, the computed correlation will 

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 invoking Bellôs theorem: Eve cannot gain any 

information during the distribution of the EPR pairs to Alice and Bob because information does not 

exist prior measurement. Her interference would amount to a modification of one of the quantum 

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 to pose as an EPR provider and secretly 

entangle the sent pairs with another quantum bit available only to her. In the paper, Bennett, 

Brassard, and Mermin show that even in this case, Eve cannot gain any information without 

detection: In order to avoid direct detection, her quantum bit necessarily has to be disentangled (in 

other words disconnected) from the pair sent out to Alice and Bob. Any extra entanglement would 

show up in the direct measurements.  

Moreover, it turns out that the entanglement-based protocol BBM92 is equivalent to BB84 if 

the measurements are immediately performed, as the quantum bits arrive, by at least one of the 

communicating parties. In the case of an entanglement-based protocol, if the measurement is 

postponed until the key is actually needed, 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 stored 

and changes them, their act will be revealed during the measurement. This is not true for BB84 

because the information stored by Alice is classical. 

4 Device Independent Realizations 

As mentioned before, in [10], the authors point out that since the quantum protocols are 

implemented using physical devices, these devices are vulnerable to security threats. In the case of 

an entanglement based protocol, it is possible to achieve security even if the device was 

manufactured by an adversary as long as the device behaves as a true quantum mechanical device: 

As it was mentioned in the previous section, the laws of quantum mechanics prevent Eve, the 

adversary, from gaining information about the communication in a stealthy way, that is without 

revealing her presence.  

If Alice and Bob would like to use such a device to communicate, they have to make sure that 

it behaves as a true quantum device. This can be achieved if the device allows two kinds of 
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behaviors: key-generating mode and testing mode [13]. The communication between Alice and Bob 

is divided into ñroundsò. Each round could be a key-generating round or a testing round. In one of 

the implementations ([14]), Bob decides with a certain probability if the round is a key-generating 

round or testing round and conveys his choice to Alice. In the key-generating round, Alice and Bob 

use a protocol like E91 or a 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 ClauserïHorneïShimonyïHolt 

game [15]. The game is played by two cooperating players, and there is a referee, usually called 

Charlie. The players, Alice and Bob, are not able to communicate during the game, but they can 

agree on a strategy in advance, and they can have a shared EPR pair since it is not possible to 

communicate directly via the pair. Charlie chooses two numbers: He chooses the first one to be 0 or 

1 randomly with the same probability, and he does the same for the second number. Then he sends 

the first number to Alice and the second number to Bob. After receiving the number from Charlie, 

Alice responds with a 0 or a 1 according to the chosen strategy, and Bob does the same. Charlie 

performs the logical AND operation on the two numbers he sent to the parties and the addition 

modulo 2 operation on the received results. If the results are the same, Alice and Bob won.  

In the classical local version of the game, when the players donôt use the EPR pair, they have 

75% at best to win the game. If they use the EPR pair by measuring it, they can increase this 

percentage to about 85%. If the EPR pair is fake or compromised, then their winning chance will be 

less than 85%.  

Eve might be eavesdropping on their communication, but that would be alright: In the case of 

the CHSH game, there is a way to deduce at most how much information is leaking to Eve based on 

the reduction in winning 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 is 

unknown to Eve. 

It seems the researchers have finally overcome the challenge posed by the level of currently 

available technology: The papers [14, 16, 17] appeared at about the same time announcing the 

implementation of truly device-independent quantum key distribution. 

5 Conclusion 

There are a couple of interesting questions that we could ask. What if quantum mechanics is not 

always valid, or there is some kind of post-quantum physics that allows members of a more advanced 

civilization to eavesdrop on us. The good news is that, according to Jonathan Barrett, Lucien Hardy, 

and Adrian Kent [18], all we need is a physics that does not allow faster than light communication. 

In this paper and throughout the literature (see, e.g. [19]), we use phrases like ñAlice chooses a 

representationò or ñBob chooses a maskò. What if we cannot make free or independent choices? 

What if superdeterminism is true and all our current choices are dependent or correlated? 

Superdeterminism [20] is a loophole in Bellôs theorem, and of course, it is not a new issue. John 

Bell already acknowledged it and addressed the question 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 cryptographic 

protocols of today. It is good to 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 statistical 

method has to be chosen. In this 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 introduced. 

Finally, the input data are also important for the functionality of the resulting statistical method, 

the origin of which is also explained 

Keywords: quality, heat-treatment, statistical methods   

 

1 Introduction  

The foundations of a well-functioning quality system are significantly determined by the 

processes that operate in the background in which quality management and quality assurance operate 

in a given organizational unit. 

Depending on the companyôs operations, there may be different expectations, standards, and 

specified technical and statistical relationships and exclusions. 

But to be specific already during the introduction - for example, the procedure examining the 

results and effectiveness of heat treatment cannot be repeated. It thus cannot be subjected to 

statistical process control. Nevertheless, there is a statistical method that has proven useful in the 

examination of correlation. 

First of all, the role of the material and component is detailed, which will be tested, and the 

significance of their use. Then the circumstances of the analysis are described, its tools and methods, 

and finally, the significance and efficiency of the results are presented in the case of mass production. 

2 Literature review: the determination and selection of the material of the 

component and the heat treatment process 

Nikolaus August Otto (1832-1891) is associated with the invention known as the four-stroke 

engine, which is still extremely widespread, regardless of the various fields of application and 

functionality, taking into account the related mechatronic and vehicle technology principles. Only 

valves are used in internal combustion engines to draw air and discharge combustion products. The 

control unit consists of one or more camshafts. In two-stroke engines, the camshaft rotates at the 

same speed as the crankshaft, while at four strokes, the camshaft speed is half the speed of the 

crankshaft. It controls the movement of the valves using the cams on the shaft. That works by 
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pushing down the valve lifter when the cam of the rotating shaft touches it so that the valve opens. 

A spring will tense the valve back to its original position when the cam is turned. During one 

revolution of the crankshaft, the piston returns to the same extreme position in the cylinder, so two 

strokes per intake of the crankshaft are obtained, either intake and compression or combustion and 

exhaust. For the cam on the camshaft to open the valve only once in four strokes, the camshaft must 

rotate at exactly half the speed of the crankshaft. [2] 

The material (1.3505) is a chromium alloy cold work tool steel with high hardness, wear 

resistance, and relatively easy mechanical handling. It is used for the production of bearings and 

other pressure and friction-resistant components that are subject to high stress and a long lifetime, 

which can be adjusted with the appropriate process to meet the requirements of their use. The 

structural properties of steel change when mixed with different alloying elements. At room 

temperature, steels generally have the following fabric structures for equilibrium cooling, depending 

on the carbon content: ferrite, perlite, secondary cementite, and austenite. The lower limit of the 

austenite field is suppressed by some alloys while other alloys try to lock it, thereby promoting the 

appearance of ferrite at room temperature without a perlite transformation. Thus, the alloys can be 

divided into the following two groups: ferrite-forming and austenite forming alloys. In the case of 

ferrite-forming alloys, some alloys reduce the transformation temperature (Cr; Zn). As for steels, 

the austenite former is C which reduces the ferrite-forming effect. As the C content increases, the 

pure ferrite fabric structure can be obtained by combining it with as many ferrite-forming alloys as 

possible. C also increases the yield strength of the steel and reduces the appearance of corrosion [8]. 

The experiment presented below was carried out with the induction hardening process. The 

composition in the structure of the material did not change during the heat treatment process, where 

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 given 

machine manufacturer has developed a system that can meet 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 received after tempering were 

necessary for statistical analysis. For the data to be objectively measurable, wet sanding is applied 

to the already tempered pieces. Sandpaper containing silicon carbide grains, attached to a disc, was 

supplied with a stream of water so that the vacuum created by the centrifugal force at the site of the 

precipitating water pushes the abradant against the disc and smoothes it. This water stream was used 

to remove detached grains from both the workpiece and the grinding wheel [3]. 

In order to outline and make the tempering profile visually illustrated, it is needed to etch the 

polished surface. Etching is the treatment of polished surfaces with a solution with different effects. 

In this case, it is a solution that dissolves less precious crystal grains only, the precious ones only 

negligibly. After the etching process, the etched or non-corroded surfaces can be distinguished quite 

well, as the former can be visualized as a darker surface under a microscope. In comparison, the 

latter can be visualized as a lighter surface. If we speak of crystals with the same structure 

(homogeneous), then they are equally corroded so that only the boundary line of the crystals 

dissolves. Thus it becomes visible under a microscopic image. During the mentioned etching 

process, the Nital (98% ethyl alcohol + 2% HNO3) is charged to a vessel; then, the grind is immersed 

and moved for the required etching time. In 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 naked eye. If the surface 

of the piece is clouded or darkened, the etching must be stopped. The etching time is also determined 

by the resolution of the microscope after the etching. By definition, if a lower quality microscope is 
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available, a stongeretching is required. Wash the etched surface with plenty of water and then with 

99% ethanol and dry in a stream of warm air. 

 

Figure 1. Phases of quenching and the forming fabric structure [4]  

The specimen made of steel placed in an alternating current conductor, more precisely in its 

force field, heats up due to the magnetic (hysteresis) and electrical (eddy current) losses in the force 

field, an essential condition of which is that the coil that operates as a conductor encompasses the 

steel piece. Tempering is even determined by the frequency, as the higher the frequency, the less it 

is able to penetrate the cortex, so the thickness of the warming cortex is smaller (skin effect). The 

resulting heat build-up caused by the high heating rate and the skin effect needs to be cooled, which 

can be done with water or an aqueous solution. In practice, this coolant is most often the cooling 

water used to cool the inductor, as in our case. [5] 

Firstly, the course of the curve denoted by the number 4 is studied. It shows well that it is outside 

the realm of martensite formation due to its slower course as a logarithmic function of time and even 

does not form benite ï only ferrite and perlite. This ferrite-perlite fabric structure is illustrated by 

the highlighted area in Figure 2 (a), where it can be seen that no tempering has taken place in this 

highlighted area. As a result of this cooling flow, the intensity of cooling during the available time 

was not sufficient for the formation of the martensitic fabric structure. Considering the run-down 

curve no. 3, benite must be obtained in addition to the ferrite and perlite structural elements. With 

the occurrence of benite, we are well on our way to developing a fully martensitic fabric, but this 

cooling intensity, which is twice as high as before, is still low. [7] 

The explanation for how we were able to get closer to the martensitic fabric structure, thus the 

formation of benite, is as follows: if austenite is cooled back more vigorously between 500-300 ÁC, 

the mechanism changes as needle-shaped crystallites appear. However, carbon still diffuses out of 

the supersaturated ferrite, and thus the ferrite needles are surrounded by tiny cementite discs. 

However, since the growth rate of ferrite is higher than that of diffused cementite, it encircles the 

cementite disks and forms benite, which is essentially formed from cementite disks, representing 

their disposition embedded in a ferrite base. [1] 

If , without diffusion conversion, the austenite can be cooled below 250 ÁC as quickly as possible 

(upper critical cooling rate), a martensitic fabric structure is obtained as a result of the 

transformation. The result of this can be seen in part c) of the diagram, whereas a result of curve 
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number 1 of diagram 1, the martensitic fabric structure was formed, which was previously set as our 

goal. This result was achieved by tripling the initial cooling flow rate. [4] 

 

Figure 2. Transformation of fabric structure (50x amplification) 

During the 1000x magnification, a decrease in the perlite fabric structure and a more remarkable 

appearance of benite were experienced, as well as the onset of the formation of the martensitic fabric 

structure. Many black particles were visible, which are essentially cementite, as they appear in the 

raw material, and then transformed into ferrite and perlite. Furthermore, a small amount of benite 

can be observed, but martensite is not present at all. This level of fabric structure analysis also shows 

well the formation of the martensitic fabric structure shown in the far right image. After all, the black 

spots within which the white carbides appeared, so it can be concluded that the details visualized as 

little black spots are not the same as those seen in the previous two images, as they may be more 

likely to result from etching activity. The obtained data (energy level, surface hardness (HRC), and 

depth of hardness (HV1) data) were used as inputs of the results described in the next section for 

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 5%. Minitab program was 

used: the null hypothesis is that the three groups are from the same population, and the counter-

hypothesis is that one of the three groups is not a member of the same population as the others. The 

counter-hypothesis was confirmed. Thus, the null hypothesis is rejected because the value of P is 

less than the confidence level given above (alpha = 0.05).  

The measured data were also examined in connection with the depth of hardness using the 

statistical method of regression analysis with the Minitab program. Using R-sq, we can get an idea 

of the extent to which the formula describes reality. This can only be considered as an estimation or 

a guideline and is not in itself sufficient. Although its specific level of goodness is not defined, for 

the most part, it is still believed that an R-sq value above 70% is quite good. The value of R-sq 

indicates the rate of error in the total standard deviation. The smaller the error, the larger the R-sq 

is. The error is the average of the distances measured from the regression line at each point. The 

equation of the theoretical line can be considered satisfactory if we find 90% of the points within 

the confidence limits. In our case, the R-sq (adj) value is above 90%, precisely 92.9%, which means 

that the error is less than 10%. The value of P is less than the confidence level given above (alpha = 

0.05). Therefore, the null hypothesis is rejected here, too, as the change in the energy level has an 

effect on the hardness depth. [6] 

The scatter diagram also shows the confidence interval (CI), which is the dashed line around the 

regression line in green. The regression line estimates the average of the data points from the sample, 
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from which it follows that the range of the mean of the population becomes known, but we do not 

know exactly where. However, the prediction interval (PI) indicates in which range each point in 

the population will fall around the regression line. 

 

Figure 3. Regression analysis (with Minitab): 

Depth of hardness, Nose (left) and Surface Hardness, Base (right) 

The formula for calculating the depth of hardness - base side - is as follows to determine the 

desired energy level: 

 470,9 + 85,77x BD (1) 

where BD is the depth of hardness of the base side. 

Overall, the averages of the data series compared differed, and the resulting equations (located 

at the top of the Fitted Line Plot diagram) yielded a good result based on the regression analysis - 

except for the surface hardness nose side data, where further tests for yield stress are required. As it 

was mentioned, this could be a separate 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 electromagnetic 

resistance, which may explain the difference between base and nose, and the hysteresis principle 

cannot be disregarded either). Furthermore, it is important to emphasize that the material structural 

properties limit our room for maneuver, and the result will not change equally in different segments, 

as, for example, our material cannot be tempered indefinitely and, as I mentioned earlier, other 

factors, even mechanical ones, affect our efficiency. Thus, in general, data obtained as a result of 

more complex statistical studies may not be valid in all cases and should be treated with caution. 

There are ranges where the values change almost linearly. In other ranges, these data can even be 

homogenous. 

5 Conclusions 

The form and type of heat treatment are determined by the size, type, and quantity of the piece 

to be tempered (individual or series production) 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 formalized 

within the framework of a well-known control plan to ensure quality, which should take into account 

the errors encountered during the experiment. The tests can be used to determine the following 

cornerstones, in line with the use of these quality tools, to ensure customer satisfaction and quality: 

by checking the inspection of the symmetry of the tempering profile, the surface hardness, the depth 

of hardness, and the fabric structure. 

The aim was to define a result that would ensure the stability in mass production for each 

component type that could be provided later (in this paper, only one type is examined) in the light 
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of the quality requirements that were achieved with the help of the correlation chart. The conditions 

and production parameters can be ensured and maintained as a result of my examination. However, 

the basic structure and properties of the raw material may change, due to which it is necessary to 

examine the results of the heat treatment and the tempered component on a daily basis using the 

inspection plan method. If anything else (e.g., criteria, customer expectations, production machine) 

changes, it is necessary to repeat the correlation test presented. In this process, it is not enough to 

find a suitable value, but it is also necessary to pattern and analyze over-hardened and improperly 

hardened pieces to draw the correct conclusion. In addition to the Minitab software, the method was 

also implemented in an MS Excel spreadsheet with macros, in which, after entering the input data 

(energy levels, depth of hardness, and surface hardness), the required data can be obtained to set the 

production machine to 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 systems 

enable the monitoring of drivers and vehicles. However, it is not just accident prevention and 

increasing efficiency that is the goal. The central element of the system is the person himself, in 

this case, the driver. An important aspect is monitoring the general state of health, indicating the 

short-term changes that can be observed. In addition, the analysis of the leadership style and the 

behavior during the activities play an essential role, which also includes the leadership dynamics 

and mental state. These are to relieve the driver and support him with sensory solutions. As a 

result of all this, the driver's workload is reduced. As a result, he is expected to handle situations 

requiring immediate intervention, quick decisions, and deliberations more effectively. That 

reduces the number of accidents and the health of drivers, and 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 vehicles for transportation and commuting. 

That is especially true for road transport, which has increased recently [1]. Within the framework of 

the present paper, the systems and 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 and 

increasing efficiency that is the goal. An important aspect is monitoring general health. 

In addition, the analysis of the vehicle drivers' style and the behavior during the activities play 

an important role, which also includes the vehicle drivers' dynamics and mental state [2].  

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, driving assistance sensors/systems 

can support drivers in many ways [9].  

1.2 Driver assistance solutions 

Driving aid systems and the vehicles equipped with them have been spread rapidly over the last 

decade. The ambitious goal is to significantly reduce the number of road accidents in the next 20-30 

years, but there are still many challenges to be overcome.  

Driving support systems fall into active safety, as they are designed to prevent accidents [3]. 

They implement these functions by intervening in critical situations (before human intervention), 

for which there are many different solutions [4]. 
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1.3 Special solutions for monitoring 

Eye-tracking  

Eye-tracking is a procedure in which the subject measures where the head is turned or the eye's 

movement relative to the head is examined. There are many ways to capture these movements, but 

the most popular is to capture the movement with cameras and have a computer extract the eye 

position from the video. 

 

1. Figure Contrasts the pupil and the rest of the eye [5]  

Modern technology 

It can be used modern technology, a Finnish health technology, best known for the Oura Ring 

(stylized ǽura), a smart ring used to track sleep and physical activities [6] or use any other 

smartwatch (Polar, Suunto, Sigma, Timex, Garmin, TomTom, AppleWatch). 

  

2. Figure Oura Ring (stylized ǽura)  [7]   

AI -based vehicle drivers monitoring 

The need for advanced safety systems in vehicles is more important than ever. The developers 

would like to design a system that helps drive safely. It determines the direction of the user's eyesight 

with the help of a single low-resolution camera or even an infrared camera. Analyzing the eye gaze 

makes it possible to predict the driver's next maneuver. This provides an opportunity to alert the 

driver before fatal collisions might occur [8]. 

 

3. Figure AI-based 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 can 

be suitable for monitoring managers in everyday and critical situations. 

The current article examined the critical condition while driving a go-kart under racing 

conditions. The location of the measurement is the Hungaroring Go-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 measurement, three 20-

minute races were recorded, in which the first took place under wet conditions, the second under 

semi-dry conditions, and the third under dry conditions. The duration of the entire race is 2 hours, 

during which the asphalt dried due to improved weather conditions. The vehicle used for the 

measurement was a SODI GT4-R 270 cc, 10-horsepower Karting. 

 

4. Figure Hungaroring Karting place 

On the map, it can be seen the trajectory and the route. The red and orange colors are faster 

sessions, and the blue is slower. We measured the following factors: Heights, Velocity, Temperature, 

Distance, Time, Laps. 

2.1 Measurement ï Wet Condition 

There is the first measurement that happened in wet conditions. We measured the velocity, 

temperature, heart rate, and height. The height didn't change during the test, so the diagram doesn't 

include it.  

 

5. Figure First Measurement ï Wet Condition 

On the first lap, the heart rate is on the corners 1., 2., 3. and 6. jump suddenly higher; the 

maximum here was 128 bpm. After the four heavier turns, the heart rate consistently rose the same 

for the others, with no outliers. In the middle session, the highest heart rate was 140 bpm.   
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6. Figure First Measurement, heart rate detection ï Wet Condition 

The change in heart rate during the 20-minute race phase gives exciting results. Sudden 

psychological and physical exertion on the human body results in outstanding pulse values - a 

deviation of 20 bpm. However, getting used to the situation stabilizes the jump values - there is only 

a 5-10 bpm difference here - and then at the end of the race, both the heart rate value and the number 

of jumps decrease again. 

2.2 Measurement ï Half Dry Condition  

There is the second measurement which happened in half dry  condition. We measured the 

velocity, temperature, heart rate, and height. The height didn't change during the test, so the diagram 

doesn't include it. 

 

7. Figure First Measurement ï Half dry Condition 

On the race, it can be told that on every lap, the heart rate is on the corners 3., 4., 5., 6., 8. and 

9. jump suddenly higher, the maximum here was 124 bpm. The first part of the race was more 

complicated than the 10 minutes session. Here the asphalt became drier, and brake distance changed 

every lap. Interestingly, the 4., and 8.-9. corners seem like the most challenging corner in half dry 

condition. 

 

8. Figure First Measurement, heart rate detection ï Half dry  Condition 
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2.3 Measurement ïDry Condition  

There is the first measurement that happened in dry  conditions. We measured the velocity, 

temperature, heart rate, and height. The height didn't change during the test; that is why the diagram 

doesn't include it. 

 

9. Figure First Measurement ï Dry Condition 

On the race, it can be told that on every lap, the heart rate is on the corners jump suddenly higher, 

but where the heart rate rises slightly in each corner; the maximum here was 150 bpm. The second 

part of the race was more complex than the first session.  

 

10. Figure First Measurement, heart rate detection ï Dry Condition 

Here the asphalt became dry, and brake distance changed. Interestingly, the heart rate was higher 

than the wet and half dry measurements in the second part of the race. But also, the average heart 

rate was higher than the others sessions; this is probably due to fatigue and the psychological and 

physical exertion on the human body. 

 

 I.measurement II.measurement III.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 race, the speed, and the temperature were the lowest here, the heart rate values 

were variable, and the effect of heavier corners was well observed. 
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The half-dry condition race's temperature became warmer than the previous race session with 

no rain. The velocity increased slightly faster, 30,9 km/h, and the maximum speed 47,0 km/h. The 

heart rate values were variable, and the effect of heavier corners was well observed on it. 

The dry condition race's temperature became warmer than the previous race session with no 

rain. The velocity increased a faster, here 33,2 km/h, and the maximum speed 50,9 km/h. The heart 

rate values were variable, and the effect of heavier corners was well observed on it. 

In summary, a smartwatch and similarly smart devices are perfect for monitoring drivers under 

normal and critical conditions. These are comfortable to wear, and a lot of data can be collected 

from them, based on which the driver's condition (mental and physical) can be analyzed from many 

directions. Many manufacturers are also looking to connect smart devices (PolarTeam Pro), so even 

fleets can get information about their current driver. From the data extracted and after analyzing the 

condition of the drivers, everyone receives the normal workload. 
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Abstract  

The COVID-19 pandemic is considered a turning point in many ways, and most countries 

adopted unusual methods to preserve people's lives. As a result of new waves, the best action 

was for the transportation sector was to continue using safety and prevention means at public 

transportation PT and stop stations. The study proposed measurements categories based on 

mobility usage before and during COVID-19 to assess the impact of the pandemic on passengers' 

use of different modes of transport and travel activities studied with many socio-economic and 

other personal characteristics.  

Keywords: COVID-19; Applied restrictions; Transportation modes; Travel activities   

 

1 Introduction   

COVID-19 pandemic is a global disaster. The highly-contagious variant types and the new 

waves of COVID consider ambiguous; the fear of the future of the pandemic becomes like a 

nightmare for all countries. This paper will investigate the transportation and mobility sector in two 

categories;  before COVID-19 and within the existence of COVID-19. It is our responsibility to 

assess the risks and impacts of the pandemic as the initial step in planning and making the necessary 

decisions for a sustainable future, to correct some of our mistakes as human beings against mother 

nature, natural wealth, and resources that we misused. The appropriate tools suggested here are the 

frequency of usages from 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 field of 

domain.  

The assessment includes the following: 

Å Investigate the used tools and mechanisms to reach a secure and safe transportation system 

with a certain degree of sustainability. 

ÅAnalyzing the different modes of transport before and during COVID-19. 

ÅAnalyzing the different outdoor activities before and during COVID-19. 

ÅRisks and impact of COVID-19 crises on safety and security of the transportation sector.  
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2 Literature Review 

Many studies show significant shifts when comparing post - pre of COVID-19. The preferences 

were for private vehicles upon public transport modes during the pandemic. The mobility pattern is 

strongly correlated with COVID-19, socio-economic characteristics, and applied restrictions[1]. 

Some studies investigate the non-motorized modes and how people started to prefer walking and 

cycling over other ways; 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 process 

during COVID-19 since safety and health are the primary concern regardless of other issues. One of 

the pioneer studies that investigated the COVID-19 with post- pre-studies in the transportation sector 

assessed the characteristics of the outdoor trips of commute and discretionary activities and their 

relation with transport modes [2]. A mathematical model had been created for before and during the 

pandemic: the relation with passenger frequency of use was examined. Another methodology used 

was Multiple Discrete Choice Extreme Value (MDCEV) models with specific paths [3]. It is a 

forecasting model related to traveling changes activities and modes. The importance of such a model 

is that it can be applied in other countries in the absence of forced COVID-19 restriction. Two 

regression models[4], [5], used to evaluate the transport mode selection for each outdoor activity, 

before and during COVID-19  for developing countries [6]. The dependent variable was related to 

the mode chosen and the frequency for each activity. A significant relationship was found between 

some demographical and other characteristics that have been measured; for example, during 

COVID-19, the distance and the purpose of the trip are significantly correlated with the importance 

of the trip, there is a significant shifting towards walking, riding a bike and private modes of 

transportation because it offers better performance. It is well known that public transportôs 

sustainability will be in a critical situation, and the frequency of usage will continue to reduce, so 

applying reasonable restrictions with suitable levels of safety procedures and services that enable 

travelers to keep a safe distance from each other may gain the trust in Public Transportation (PT) 

again. A critical study that investigated the restrictive measures was implemented in ten countries 

around the world to make the necessary comparison through a survey that distributed during 2020, 

to assess the effect of COVID-19 on the transportation sector, from respondents' perspective, 

compared with before, as well as to evaluate the risks of catching the disease within each transport 

mode and the effectiveness of the applied measurements in each [7]. Do not forget that expert 

opinions are critical at this stage of the current pandemic. They can describe the whole picture of 

the situation; even with some uncertainty, they can also evaluate transport system performance 

compared to before [8]. 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 effects as 

soon as possible, whether there is a "cure" in the near future or not [9]. 

Many studies showed that the ways of transportation are strongly connected with the region, the 

distinguishing features and mobility behavior as well mode choices for each journey vary from one 

country to another, i.e., economy, population density, culture, and many other factors have a 

significant influence on mode choice [10]. Walking behaviors [11] were investigated using tracking 

apps and online surveys during the COVID-19 pandemic as part of different modes. The study 

sample showed a slight increase in car owners, but an essential reduction in travel for all 

demographic groups, "The online survey classified the groups into the following samples: 

 Å Motorized individual transport (car, motorbike, taxi, Uber) 

 Å Public transport (bus, tram, ferry, metro, train)  

Å Non-motorized transport (walk, bike)  

The results showed that the traveling using individual and non-motorized modes during the 

lockdown had increased compared with the previous period.  
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 Cars during the pandemic were preferred over public transport; this was confirmed by a 

questionnaire survey [12] that contained information about the mode of travel used for different trip 

purposes, travel frequency, distance from home to reach transport mode or destination. Logistic 

regression models consisted of five variables: travel time, cost, safety, avoiding crowd, and hygiene. 

The studies showed that delay, safety, speed, comfort, convenience, and trip flexibility are essential 

factors for preferring a car over public transport [13], [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 and 

keep services during the pandemic; the proposed study [14] looked for the variables that change the 

mobility and travel patterns during the COVID-19 pandemic and investigate their long term effects 

even after the end of the pandemic. On the other hand, to encourage people who have a work nature 

that can not be done remotely, they should go back to work to use another alternative mode of 

transport such as walking, cycling, or any other non-motorized modes for the benefit of the 

environment [15].  

To compare, a study with a questionnaire containing travel frequency data with many 

demographic, economic, and social characteristics for the travel patterns was conducted twice the 

first study done one year before the COVID-19. The other study showed a significant difference in 

mobility activities and modes of usage in April 2020 to see the most variables that affected the 

change in activities and transport modes [16]. One of the exciting results showed that online working 

and deliveries, not easy to use by older people, especially if they live alone, that will put them in a 

sole available solution which getting out of the house, [17], [18], to solve this problem, the online 

services need to be more straightforward, more accessible and available all the time for older users. 

Enhancing the trust and passenger levels of safety and comfort during and after the pandemic is 

significant to maintain sustainability because the decision for mode usage is influenced by many 

physical, psychological, and mental issues which cannot be ignored since it may affect transport 

behaviors and avoiding the use of Public Transportation PT [19]. 

One of the crucial studies that used regressions and hierarchy process to investigate the mode 

shifting behavior of passengers after the pandemic by studying multiple scenarios, the theory 

suggested that every passenger has some preference for choosing either the previous mode or 

switching to the new one. This decision is subjected to several factors, but the implementation of a 

system whose priority is to provide safety, health guarantee, and security will help restore the 

confidence by PT [12]. 

3 Methodology  

The study used an online questionnaire, and the respondents were asked to choose from several 

alternatives, including demographical variables and other characteristics. 

The study will address the following: 

ÅThe frequency of using the transportation modes for each activity before and during COVID-

19.  

ÅQuestions about users' points of view about the future and digital transformation. 

ÅThe applied restrictions on the transportation modes to control the spread of COVID-19. 

 

Figure 1. below shows all types of transportation, motorized and non-motorized modes, and 

different mobility activities. The study for before and during COVID-19 includes many independent 

and dependent variables such as gender, age, income, education, place of residence, distance, time 

of trips, type of mode and trips and outdoor activities, etc. 
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The hypotheses assessed the frequency of use or change in frequency associated with each mode 

and activity, as a causal relationship each time, including public, private, motorized, and non-

motorized ways in addition to activities such as work/ studies, free time, social activities and for 

essential and non-essential shopping. 

The proposed variables were analyzed mathematically using appropriate solutions and normal 

statistical operations. 

 

Figure 1. independent and dependent variables, source; done by the authors    

4 Remarks and Recommendations 

Many studies show significant changes when comparing before and during COVID-19 travel 

activities and transport modes. That was in the preference of private vehicles during the COVID-19 

pandemic upon public modes mobility pattern, which is considered directly correlated with the 

spread of COVID-19. 

A significant relationship between some demographical and other characteristics has been 

measured. For example, during COVID-19, the distance and the purpose of the trip were 

significantly correlated with the importance of the trip, whether it is an essential trip or not. 

Previous studies before COVID-19 showed that income levels and transport mode chosen are 

firmly connected. At the same time, during the pandemic, there is a significant shift towards walking, 

riding a bike, and private modes of transportation regardless of income level because it offers better 

performance for safety. 
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Abstract 

In general, the inverse kinematic task of redundant robot arms cannot be solved in a closed form 

equation. Although, for some special kinematic structures (e.g., PUMA-type or SCARA robot 

arms) there exists closed form solution, in many cases, especially for redundant 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 task 

is often related to optimization as for redundant structures, usually it has infinite number of 

solutions and an optimal one selected considering a set of constraints. Moore-Penrose 

pseudoinverse is commonly used to solve the inverse kinematic task through utilizing Lagrange 

multipliers for cost function 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 for 

comparison. In this paper two further approaches are analysed which were recently introduced. 

One of them is utilizing the Gram-Schmidt algorithm to completely evade the cost function 

minimalization task, and the other one is utilizing a Fixed Point Iteration to avoid matrix 

inversion. This paper compares these four solution methods of the inverse kinematic task through 

simulations to reveal all their advantages and disadvantages specially concentrating on their 

behaviour near singularities.  

Keywords: Redundant, Kinematics, SVD, Moore-Penrose, Gram-Schmidt, 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 model of our robot arm describes the 

position of the end effector as a function of the joint coordinates. To solve the direct geometric task 

many different solution types were elaborated over the years, some of them uses the Denavit-

Hartenbeg convention [2],[3]. 

In this paper the direct geometric model of the investigated robot arm is formulated utilizing the 

group properties of homogeneous transformation matrices.  As is known the homogeneous matrices 

are used for the description of rotation around the origin and a subsequent parallel shift. 

Equation (1) shows that the upper left 3x3 elements of the matrix is a rotation matrix which rotates 

around axis en with angle qn (joint coordinates of nth axis) and the right upper 3x1 elements form a 
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vector describing the direction and the magnitude of the applied shift based on the properties of the 

nth segment (Ln). 

Ὄ ὙήȟὩ ὒ
πππ ρ

 Ὢέὶ ὶέὸὥὸὭὲὫ ὮέὭὲὸ 

Ὄ Ὅ ὒ ήϽὩ
πππ ρ

  Ὢέὶ ὴὶὭίάὥὸὭὧ ὮέὭὲὸ                           (1) 

Utilizing the homogeneous transformation matrix between each segment (H(n) ) the end 

effectorôs position can be calculated as it is shown in eq. (2) which is the solution of the forward 

geometric task. 

ὶ

ρ
Ὄρ ή

ρ
ȟὩρȟὒρ ϽȢȢȢϽὌ

ὲ ρ ή
ὲ ρ
ȟὩὲ ρȟὒὲ ρ ϽὌ

ὲ ή
ὲ
ȟὩὲȟὒὲ Ͻ

ὶ

ρ
Ὄή

ρ
ȢȢȢή

ὲ
Ͻ
ὶ

ρ
    (2) 

In the above equation r denotes to the position vector, pointing from the base of the manipulator 

to the Tool Centre Point (TCP) and ὶ is the vector pointing from the last joint to the TCP (fig. 1). 

The next level in robot modelling is the kinematic level, which describes the correlation between 

the velocity of the end effector and the joint speeds. By applying the chain rule of differentiation on 

eq. (2) and expressing and utilizing ὶ from eq. (2), eq. (3) is obtained,  

ὶὸ
π

ή
ὨὌ

Ὠή
Ὄ ήὌ

ὨὌ

Ὠή
Ὄ Ὄ Ễ 

ȢȢȢήὌ ȢȢȢὌ Ὄ ȢȢȢὌ Ͻ
ὶὸ
ρ

 ,            (3) 

from which the solution of the differential forward kinematic task can be expressed utilizing various 

group properties of homogeneous matrices. In eq. (3) Ὄ Ὃ  is a generator or a tangent 

of the Lie-group at the identity element and Ὄ Ὄ Ὄ Ὄ Ὃ Ὄ  is the 

transformed tangent. Both definitions come from the geometric interpretation of Lie-groups (G ). By 

definition ὛὓὛ ὓ, for symmetric, invertible ὓ  ɴᴙ  matrix, Ὓ can be interpreted as a 

hypersurface in an ὲ dimensional embedding space. On this hypersurface simple lines can be drawn 

Ὣ‚  ɴG using a single parameter ‚ɴ  ᴙ, from the identity matrix Ὅɴ  G. Calculating the first 

derivative of Ὣ‚ȟ we get to Ὣ‚ Ὃ‚Ὣ‚, in which Ὃ‚ is a tangent at the identity element, 

which also is called generator of group since each Ὃ‚ can generate a single dimensional line within 

G.  By multiplying Ὣ‚ with Ὤ  ɴG as Ὢ‚ḧὬὫ‚Ὤ  which also is element of the group  

Ὢ‚  ɴGdue to group properties. If Ὣπ Ὅȟ we get Ὢ‚ḧὬὫ‚Ὤ  and the generator of Ὢ‚ 

is ὪπḳὊ ὬὋὬ , in which Ὃ is the generator of the original Ὣ‚ group element. In conclusion 

an arbitrary group element Ὤ  ɴG and an arbitrary tangent at Ὅ of the group, generate a new tangent 

Ὂ ὬὋὬ  which is called the transformed tangent. In eq. (3) the 

 Ὄ Ὄ Ὄ Ὄ Ὃ Ὄ Ὃ  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 

 
ὶὸ
π

В ήὋ ὸϽ
ὶὸ
ρ

 however, due to the symmetric properties of homogeneous 

transformation matrices, from each matrix 6 independent elements can be extracted as 

 ὐ Ὃ Ὃ Ὃ Ὃ Ὃ Ὃ ᶰᴙ , which leads us to a simple set of linear 

equations as: 

ὼὸ ὐ  ȿ Ễȿ ὐ ϽήḳὐϽή                                                (4) 
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Equation (4) provides the solution for the differential forward kinematic task as it describes the 

speed of the end effector (ὼὸ) as a function of the joint velocities. Multiplying from the left both 

sides of eq. (4) with the inverse of the Jacobian (ὐ ), we get to the solution of the inverse kinematic 

task. 

ήὸ ὐ Ͻὼὸ                                                       (5) 

Equation (5) shows that for non-redundant case, where the robot has maximum 6 joints (nÒ6) 

the problem can be solved very easily by calculating the inverse of the Jacobian. However, for 

redundant manipulators, since the Jacobian matrix is non-quadratic  

(ὐɴ ᴙ  ύὬὩὶὩ ὲ Ὥί ὸὬὩ ὲόάὦὩὶ έὪ ὮέὭὲὸί) this solution method is not applicable: we need the 

use of some kind of generalized inverse or an iterative solution. Furthermore, redundant 

manipulators can reach each point of their workspace with various joint configurations, so the 

inverse kinematic task might have ambiguous solutions and an appropriate one should be selected. 

In many cases this issue involves optimization. 

2 The Solution of the inverse kinematic task 

In this paper four different solution methods of the inverse kinematics is analysed through 

simulation programs. The simulations were made using Julia programming language [4]. In the 

simulation programs a 9 joints redundant manipulator was analysed, which had 3 prismatic (t) and 

6 rotary (r) joints, in the following manner ὸȟὸȟὸȟὶȟὶȟὶȟὶȟὶȟὶ. 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 model 

was used as it can represent a conventional articulated industrial manipulator with 3 external axes. 

In eq. (6) in the matrix Ὡ  each column represents a unit vector showing the direction of each axis 

in home position (ή π) of the analysed manipulator. The length of each segment is also collected 

in the matrix ὒ  where, ὰ πȢράȟὒ πȢυά ὥὲὨ Ὓ πȢσάȢ 

Ὡ
π π ρ
π ρ π
ρ π π

    
π π π
π ρ ρ
ρ π π

    
ρ π ρ
π ρ π
π π π

ȟὒ
ὰ π π
π ὰ π
ὰ ὰ ὰ

    
π π ὒ
π π π
ὰ ὒ π

    
Ὓ Ὓ Ὓ
π π π
π π π

       (6) 

The kinematic structure of the robot is shown in figure (1). 

 

Figure 1. Kinematic structure of the robot arm 
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For simulation purposes a rather complex trajectory was generated using the forward kinematic 

equation of our manipulator and eq.(7), in which ὃ ὥὲὨ .parameters could be freely set  ‫ 

ή σϽὃϽÓÉÎ‫Ͻὸ(7) 

 

Figure 2. Tracked trajectory in 3D space 

2.1 Moore-Penrose Pseudoinverse 

As it was mentioned before redundant structures might have ambiguous solutions for the inverse 

kinematic task, from which an appropriate one should be selected. The internal redundancy of a 

manipulator can be used for various purposes e.g., avoiding singular configurations [5], obstacle 

avoidance in the workspace [6] or to minimize joint movements between two positions [7]. The 

latter requires to optimize the cost function Вήὸ  under constraint ὐή Ͻή ὼὸ π which 

is the solution of the inverse kinematic task. Such problem can be solved by utilizing Lagrange 

Reduced Gradient method. However, according to [8], the whole numeric procedure can be evaded 

by using the Auxiliary Function of the problem in eq. (8). 

ὒήȟ‗  Вήὸ В ‗Ͻ ὼ ὸ Вὐ ήϽή                             (8) 

By calculating the partial derivatives of this equation and rearranging it, we get to the following 

results: 

π
ȟ

 ςϽή В ‗ϽВὐ ή O  ή Ͻὐ ήϽ‗                   (9) 

The obtained result can be substituted to eq. (4) and by calculating the inverse of ὐὐ we can 

express ɚ and get to the solution of the inverse kinematic task using the Moore-Penrose 

Pseudoinverse [9] shown in equation (11). 

ὼὸ ϽὐήϽὐ ήϽ‗ O ‗ ςϽὐήϽὐ ή Ͻὼὸ                   (10) 

ήὸ ὐ ήϽὐήϽὐ ή Ͻὼὸ ὐ ήϽὼὸ                    (11) 

However, a problem arises when, ὐὐ matrix is near to singularity (ÄÅÔ ὐὐᴼπ). In such case 

very high joint velocities are required to move the end effector on the desired path, in practice that 

means a sudden and unexpected movement of the manipulator. To avoid this problem Levenberg 

[10] and Marquardt [11] suggested to slightly deform the inverse kinematic task by introducing a 

small positive constant (ɛ) in a way that we get an always invertible positive definite matrix shown 

in equation (15). 
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ήὸ ὐ ήϽὐήϽὐ ή ‘ϽὍ Ͻὼὸ (12) 

By correctly choosing the ɛ constant we can avoid kinematic singularities however it causes a 

little error in non-singular positions, too. The simulation results shown below. 

Figure 3. shows that using Moore-Penrose Pseudoinverse for the solution of the inverse 

kinematic task, a precise trajectory tracking could be achieved. Higher tracking error can be 

observed around the 200th and 400th simulation step, which can be caused by near-singular robot 

configuration. However, this higher error is still within an acceptable range. In the simulation 

Levenberg-Marquardt constant (‘) was used to resolve issues concerning singularities, which 

deforms the task in the full region. Despite this deformation of the task, still precise trajectory 

tracking could be achieved, it is because the  ‘ constant is selected, to be much lower than the 

smallest eigenvalue of J in the typically not singular points. 

 

 

 

 

Figure 3. Solution of the inverse kinematic task using Moore- Penrose Pseudoinverse 
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2.2 Singular Value Decomposition 

Besides Moore-Penrose Pseudo inverse, another very popular tool for solving the inverse 

kinematic task is the Singular Value Decomposition (SVD) [12].  However due to its high 

computational need, at the beginning it was mainly used for offline computations, e.g., to analyse 

the dynamic properties 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 computationally 

feasible algorithm for calculating the SVD of the Jacobian [15]. Nowadays all software, dealing with 

linear algebra, has an inbuilt function for the calculation of the SVD, including Julia programming 

language. 

Singular Value Decomposition means that any matrix ὐɴ Ὑ  can be transformed to a 

diagonal matrix using two orthogonal matrices (5ᶰ2 ȟ6ᶰ2 . 

5*ὠ

„ π π ȣ π
π „ π ȣ π
ể ể Ệ ȣ ể
π π ȣ „ π

„ȟ5Ὗ Ὅȟ6ὠ Ὅȟὐ Ὗ„ὠ                  (13) 

The diagonal matrix can be easily inverted (ů+=diag( ȟ ȟȢȢȢ )) and from here the solution 

of the inverse kinematic task formulates as, 

5*ὠ„ Ὅ
Ⱦ Ͻ  ȾϽ
ựựựự ὐὠ„Ὗ Ὅ O  ή ὠ„ὟϽὼ.                         (14) 

From equation (14) it can be seen, that the ὠ„Ὗ expression has the same properties as the 

ὐ . Multiplying eq. (14) with ὐḳὟ„ὠ, we can see that this method provides accurate solution for 

the inverse kinematic task far from singularities. However, near singular positions 

 „ π O Њ. To overcome this issue, a small ‘ constant is introduced and  „ ‘ O π. 

This solution only deforms near to singular points. 

ὐϽή Ὗ„ὠὠ„ὟϽὼ
ὍϽὼ ὲέὸ ίὭὲὫόὰὥὶ ὧὥίὩ

ὟὍὟϽὼ ίὭὲὫόὰὥὶ ὧὥίὩ
                               (15) 

According to eq. (15) far from singularity Ø motion is realised. However, in singular case instead 

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

Ὅ is a modified identity matrix (some of the main diagonal elements are 0 instead of 1). All in 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 inverse 

kinematic task, a precise trajectory tracking could be achieved. Similarly, to the previous solution, 

higher tracking error can be observed around the 200th and 400th simulation step due to singularities. 

Comparing fig. 3 and 4 it is obvious that the two method has similar solution, so the same trajectory 

was implemented in the joint space also. Both SVD and Moore-Penrose pseudoinverse provide a 

solution however, the cost function minimalization can be evaded using SVD. However, it is worth 

to mention that for the SVD-based solution slightly higher tracking error can be observed. The 

difference in trajectory tracking error is caused by the different singularity compensation method. 

Using Moore-Penrose Pseudoinverse-based solution method a deformed task is solved by 

introducing the Levenberg-Marquardt constant. On the other hand, in the SVD-based solution the 

task is only deformed in the near vicinity of singular configuration. So, the singularities are treated 

locally, not as a global problem. However, the errors are still in the acceptable range and a precise 

trajectory tacking is achieved using SVD-based solution. 
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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 Gram-Schmidt orthogonalization-based solution offers 

matrix inversion free, recursive solution for the inverse kinematic task. The basic algorithm was 

independently developed by Gram [16] and Schmidt [17], and in 2015 [18] this method was applied 

to solve the inverse kinematic task. The basis of the idea is very simple. Let us suppose we have 

vectors ὥȟὦɴ Ὑ  and we want to generate a new vector ὦ ὦ ‗ὥȟ which is orthogonal to vector 

ὥȢ Orthogonality of two vectors can be expressed by zero scalar product, ộὦ ‗ὥ ȿ ὥỚ π. The 

lambda coefficients can be calculated as ‗
ộȿỚ

ộȿỚ
. The same idea can be applied to an arbitrary 

ὢ ὼ Ễ ὼ  as follows: 

¶ Select an arbitrary vector from the vector set ὢ, which will be the first element of our 

orthogonal vector set. 

¶ Subtract the direction of this first vector from all vectors in the vector set ὢ. This new 

set of vectors will span a linear space which is orthogonal to the first vector. 
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¶ Select a new vector from the remaining vectors, then its direction will be subtracted 

from all the remaining vectors of set ὢ, that way we get a new linear space which is 

orthogonal to both the first and the second vector. 

¶ We must carry on these steps until we are left with orthogonal vector set. 

By the reduction of a τ τ matrix the following result can be achieved: 

ở

ỞỞ
ờ

ᾀ ᾀ ᾀ ᾀ

ᾀ ᾀ ᾀ ᾀ

ᾀ ᾀ ᾀ ᾀ

ᾀ ᾀ ᾀ ᾀ Ợ

ỡỡ
Ỡ
ρ ʇ ʇ ʇ
π ρ ʇ ʇ
π π ρ ʇ
π π π ρ

ở

ỞỞ
ờ

ὼ ὼ ὼ ὼ

ὼ ὼ ὼ ὼ

ὼ ὼ ὼ ὼ

ὼ ὼ ὼ ὼ Ợ

ỡỡ
Ỡ
ȟ 

  ʇ ȟױÉ Ê .   (16) 

If this reduction technique is applied for the Jacobian of the manipulator, also for ὼ, the latter 

will appear as a linear combination of the orthogonal vector set. Using the ʇ stored in the memory 

the solution of linear equation (4) can be reclusively reconstructed. The solution can be somewhat 

optimized if in each step of the reduction the vector with the greatest norm is chosen, that way the 

rotational angle of the actual joint is minimalized. 

Near singularity Ú Ú π or it is close to 0, which means that ὼ  vector linearly depends 

on ὼ ȟὰ Ὥ, and the ʇ  O Њ. In such a scenario a similar solution can be applied as in 

the SVD-based solution. Near singularity the task will be deformed and instead of the exact solution 

a ᾀ π ὥὲὨ ʇ πȟὭ Ὦ approximation is applied. The simulation results shown below. 

 

 

Figure 5. Solution of the inverse kinematic task using Gram-Schmidt orthogonalization 

Figure 5. shows that using Gram-Schmidt orthogonalization for the solution of the inverse 

kinematic task, a precise trajectory tracking could be achieved. Although it is important to mention 
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this solution is not an optimal one. Some optimality was introduced using the vector with greatest 

norm at each step of the reduction. However, this made the joint trajectory dynamically untrackable 

as the graphs of the joint coordinates are not smooth, which means a sudden change in the first 

derivative, when the order of reduction changed. (Similar problems also arise in the case of the SVD-

based solution when a small singular value is omitted in the matrix inversion.) This problem could 

be easily evaded using the same reduction order at each step. Also, relatively higher error can be 

observed especially in orientation tracking, compared to the previous methods, however these errors 

are still in the acceptable range. 

2.4 Fixed Point Iteration-based Solution 

Robust Fixed Point Transformation-based control was introduced in 2009 [19] as an alternative 

to Lyapunov-function based adaptive control design. In 2016 a Fixed Point Iteration-based solution 

was elaborated for the inverse kinematic task [20]. It was introduced as a matrix inversion free quasi 

differential solution. The basis of the idea is that if we have a non-linear, differentiable real function 

Ὢȡᴙ ᴼᴙȟὪή ὼ, and we need to find the independent ή solution for a given ὼȢ The problem 

can be transformed to a fixed point iteration problem, using a differentiable  Ὂȡᴙ ᴼᴙ  function 

which has an attractive fixed point Ὂ‚z ‚z. The iterative sequence can be generated as [21]: 

ή ὊὃᴁὪή ὼᴁ ʊ
Ḷ

ʊ
Ḷ ᴁ ᴁ

ή                             (17) 

In eq. (17) ὃ is called the adaptive parameter. From above equation it can be seen that,  

if ή ήz and Ὢήz ὼ,  ή ήz, that means that if q is the solution of our task, it is also the 

fixed point of the function. The convergence of iteration can be proven using a simple approximation 

of eq. (17) based on first order Taylor-polynomial [22].  

ὊὃᴁὪή ὼᴁ ʊḶ ὊʊḶ
Ḷ

ὃᴁὪή ὼᴁ ȟ                        (18) 

Ὢή ὪήḶ ή ήḶ ὪήḶ
Ḷ

ή ήḶ Ȣ                                (19) 

The convergence of the iteration can be ensured by the right parameter setting of ὃ, which also 

effect the speed of the convergence. If the selected value for ὃ is too small then the convergence 

will be very slow.  

However, if in eq. (19) the 
Ћ

Ћ
Ḷ

is substituted with the Jacobian of the manipulator, the equation 

cannot be solved due to matrix dimension issues (the Jacobian for redundant manipulators is not 

quadratic). To resolve this issue in [20] a simple approximation was suggested, as  
ὼḰὐή ὼ ὐή Ὢή. Using the Taylor expansion shown in eq. (19), the following 

approximation can be made, 

ὐή Ὢή ὐή ὪήḶ
‬Æ

‬Ñ
Ḷ

ή ήḶ  

ὐή ὪήḶ ὐή ὐήḶ ή ήḶ ὼ ὐή ὐήḶ ή ήḶ                  (20) 

Since in the inverse kinematic task the ñhome positionò of the robot is always known, in the 

first point we are just in the fixed point, and if we apply only small steps to calculate the next point, 

in eq. (20) we can apply the approximation ὐÑ ὐÑḶ ὐÑ ὐÑ, 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 matrix 

inversion can be completely evaded, which is very useful property near singularity. The simulation 

results shown below. 
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Figure 6. Solution of the inverse kinematic task using Fixed Point Iteration 

Figure 6. shows, that for the Fixed Point Iteration-based solution higher tracking errors occurred 

(especially near singular configurations) as the convergence depends on the eigenvalues of the 

Jacobian. Although the singularities were automatically handled, the single adaptive parameter (ὃ), 

which affects the convergence globally does not make this solution flexible enough for many 

applications. Furthermore, this method has very high computational demands. For all the other 

simulation methods in this paper 1000 steps (with 5ms time resolution) were used to solve the 

inverse kinematic task, for the Fixed Point Iteration-based method ςϽρπ steps were required to 

achieve fine enough time resolution (πȟςυϽρπί for the proper convergence.  This high time 

resolution could not be achieved any hardware, which makes it impossible to use this method in a 

real time application. So due to its high computational needs this method could be used mainly for 

offline applications. 

3 Conclusion 

In this paper different solution methods of the inverse kinematic task of redundant robot 

manipulators were investigated through simulation programs written in Julia language. The Moore-

Penrose pseudoinverse-based solution showed nice tracking properties with low tracking errors. To 

deal with kinematic singularities the Levenberg-Marquardt constant was used, and the task was 

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 eigenvalue of J in the normal, not 

singular region. Nice tracking could be achieved using Singular Values Decomposition also. In this 

case the singularities were treated locally, the task was deformed just near singular configurations. 

Only slight increase in the tracking error could be observed. Using SVD method the cost function 

minimization could be avoided. Compared to the previous methods the Gram-Schmidt 

orthogonalization based solution offers matrix inversion free, recursive solution for the inverse 
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kinematic task. However, this solution is not an optimal one. The solution could be somewhat 

optimized if in each step of the reduction, during orthogonalization, the vector with the greatest 

norm was chosen, but this made the joint trajectory dynamically untrackable as the graphs of the 

joint coordinates were not smooth, which means a sudden change in the first derivative, when the 

order of reduction changed. This problem could be easily evaded using the same reduction order at 

each step. The kinematic singularities were treated like in the SVD-based solution, as near singular 

configurations, instead of the exact solution an approximate one was implemented.  Using Gram-

Schmidt orthogonalization-based solution, higher tracking error could be observed, however it was 

still acceptable. The Fixed Point Iteration-based solution of the inverse kinematic task 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 singular 

configurations) as the convergence depends on the eigenvalues of the Jacobian, the single adaptive 

parameter does not make this solution flexible enough for many applications. Furthermore, the Fixed 

Point Iteration-based method was characterized by high computational needs, so it could be used 

mainly for offline applications. To be able to widely use this method further investigation should be 

done to reduce the computational needs. In summary traditional methods (Moore-Penrose 

Pseudoinverse and SVD) showed better tracking properties. Finally it can be noted that by the 

involvement of standard noise filtering techniques the abrupt changes in joint velocities can be 

considerably reduced that makes it actual to investigate the applicability of the solutions based on 

SVD and the Gram-Schmidt algorithm. 
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¥sszefoglal§s  

A kibert®rben nagysz§m¼ szereplŖ ®s technol·gia l®tezik, ami a civil t§rsadalomhoz tartozik. Az 

infokommunik§ci·s szektor szakemberei, alkalmazott ®s K+F+I projektek eredm®nyek®nt 

l®trejºvŖ technol·gi§i szerves ®s megker¿lhetetlen r®sz®t k®pezik a kibert®rnek. Az 

aszimmetrikus vagy hibrid hadvisel®s egy®rtelmŤen kiterjed a civil szektorra, ez®rt ®rdekes 

k®rd®seket vet fel, ennek a kapcsolatnak a ford²tottja. Milyen szerepe van a civil szakembereknek 

®s technol·gi§knak a kiberhadvisel®sben? A k®rd®s szŤk²tve a cikk t®m§ja, milyen szerepe van 

a projektmenedzsereknek ®s m·dszertanoknak a kiberhadvisel®sben ®s a mesters®ges 

intelligencia ezt hogyan tudja t§mogatni? 

Kulcsszavak: projektmenedzsment, kiberhadvisel®s, mesters®ges intelligencia 

Abstract  

In cyberspace, there are a large number of actors and technologies that belong to civil society. 

The ICT sector's professionals, applied and R&D&I project technologies are an integral and 

inescapable part of cyberspace. The asymmetric or hybrid warfare clearly extends to the civil 

sector and therefore raises interesting questions about the reverse of this relationship. What is the 

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 and 

how can AI support this? 

Keywords: project management, cyber warfare, artificial intelligence 

1 Bevezet®s 

A jelen ²r§s c®lja meg§llap²tani, projektmenedzsmentnek van-e szerepe a kiberhadvisel®sben. 

Amennyiben van, a projektmenedzsmentet milyen m®rt®kben t§mogatja a mesters®ges intelligencia 

a hat®kony mŤkºd®sben a kiberhadvisel®s ter¿let®n?  

Azt gondolom, az infokommunik§ci·s szektor megelŖzte a v®delmi ipart, de legal§bbis utol®rte 

a K+F+I projektek ter¿let®n. Ez term®szetszerŤ, ugyanis a glob§lis szakember hi§ny, ®s a 

tŖkeig®nyes fejleszt®sek is oda koncentr§lj§k a magas hozz§adott ®rt®kŤ K+F+I tev®kenys®get, ahol 

nagysz§m¼ magasan k®pzett szakember ®s megfelelŖ finansz²roz§si lehetŖs®g §ll rendelkez®sre. 

Ezek term®szetesen a glob§lis technol·giai c®gekn®l tal§lhat·ak meg egy¿tt, ugyanis ezeknek a 

szervezeteknek elemi ®rdeke a folyamatos fejleszt®s, min®l nagyobb verseny elŖny megszerz®se ®s 

egyre magasabb piaci penetr§ci· el®r®se. Ennek eredm®nye a technol·giai fejlŖd®s m§ra szinte 
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felfoghatatlan ¿teme ®s a glob§lis term®kek szolg§ltat§sok sz®leskºrŤ elterjed®se. Ezek lehetŖv® 

teszik civil lakoss§g bel®p®s®t ®s akt²v szereplŖv® v§l§s§t kibert®rbe. A digitaliz§ci· hat§s§ra, a 

glob§lis szolg§ltat§sok az egy®b gazdas§gi, politikai szereplŖket is becsatorn§zz§k a kibert®rbe, ²gy 

civilek §ltal birtokolt ®s ¿zemeltetett kritikus infrastrukt¼ra ®s kritikus inform§ci·s infrastrukt¼ra is 

r®sze lesz a h§l·zatnak.  

Jelen munk§nkban elŖszºr azt fogom bizony²tani, hogy a kiberhadvisel®s jelentŖs r®sze a 

civilszektorban zajlik, nem csak a civil c®lpontokon, hanem a szakembereken kereszt¿l, akik akt²v 

szerepet v§llalnak ebben a tev®kenys®gben. Az IKT szektor strukt¼r§j§n bemutatom a 

projektmenedzsment szerep®t a szektor mŤkºd®s®ben, ez§ltal a kiberhadvisel®s ®rintett ter¿letein. 

Bemutatom az IKT technol·gi§kat ®s a mesters®ges intelligenci§hoz val· kºtºd®s¿ket. 

Megvizsg§lom a jelenleg leggyakrabban haszn§lt projektm·dszertanokat a mesters®ges intelligencia 

jelenlegi ®s lehets®ges alkalmaz§sa szempontj§b·l.  

2 Kiberhadvisel®s ®rtelmez®se elhelyez®se 

A kiberhadvisel®s bemutat§s§hoz ®s a projektmenedzsmenttel val· ºsszekapcsol§s§hoz, elŖszºr 

a kibert®r defini§l§s§t, valamint jellemz®s®t tartom sz¿ks®gesnek.  

Sz§mos defin²ci· ®s tºrt®neti §ttekint®s el®rhetŖ a kibert®r le²r§s§ra, ezek kºz¿l n®h§nyat 

eml²t¿nk csak meg, amelyeket magam is meghat§roz·nak tartok, valamint a jelenlegi tud§sunk ®s 

ismereteink alapj§n gyakorlatban ®s tudom§nyosan is alkalmazhat·nak gondolok. Ez®rt jelen 

cikkben azokat a modern megkºzel²t®seket mutatom be, amelyeken kereszt¿l szeml®ltetem a 

kiberhadvisel®s kapcsolat§t a civilszektorral, valamint a projektmenedzsmenttel. 

Haig Zsolt r®szletes, ºsszegzett defin²ci·ja j· ki indul§sa jelen munk§nak, miszerint Ăa kibert®r 

az ember §ltal mesters®gesen l®trehozott, dinamikusan v§ltoz· tartom§ny, amelyben az inform§ci· 

gyŤjt®s®t, t§rol§s§t, feldolgoz§s§t, tov§bb²t§s§t ®s felhaszn§l§s§t v®gzŖ, egym§ssal h§l·zatba 

kapcsolt ®s az elektrom§gneses spektrumot is felhaszn§l· infokommunik§ci·s eszkºzºk ®s 

rendszerek mŤkºdnek, lehetŖv® t®ve ezzel az emberek ®s a k¿lºnf®le eszkºzºk kºzºtti folyamatos 

®s glob§lis kapcsolatot. A fenti meghat§roz§s eleget tesz:  

ω az emberek kºzºtti ¼j t²pus¼ kapcsolati ig®nyeknek  

ω az IoT-elvnek megfelelŖen ak§r a fizikai eszkºzºk ºsszekapcsolhat·s§g§nak, valamint  

ω az elektrom§gneses spektrum haszn§lat§ra vonatkoz· elv§r§soknak is.ò 

Nagy hangs¼lyt fektet az inform§ci·ra, mint kibert®r elemi hajt·erej®re. J·l le²rja a technol·giai 

®s logikai kapcsolatot g®p-g®p, ember-ember ®s ember-g®p kºzºtt, valamint az inform§ci· §raml§st 

ezeken kapcsolatokon kereszt¿l, vagyis a virtu§lis dimenzi·t. A le²r§s r§mutat a h§l·zatosod§sra, 

mely a mai tud§s ®s technol·gia alap¼ vil§g felt®tele [1]. 

Ezt a gondolatot tov§bbfŤzve ®s erŖs²tve Kov§cs L§szl· f®le megkºzel²t®sre ®rdemes m®g 

kit®rni, ami szint®n a modern IKT kornak megfelelŖ n®zŖpontot sugall. Kov§cs szerint a kibert®r 

egy gyŤjtŖfogalom melybe minden beletartozik, ami az inform§ci·val ®rintkezik, vagyis a 

folyamatok, azok szereplŖi, technikai ®s szoftver eszkºzei, az ®rintett rendszerek ®s mindezek direkt 

m·don vagy indirekt kapcsolattal, de sz§m²t·g®p-h§l·zatra vannak kºtve [2]. 

A k®t meghat§roz§st ºsszegezve kibert®r alatt minden olyan elemet, eszkºzt, folyamatot, 

rendszert, tev®kenys®get, szereplŖt ®rtek melyek h§l·zatba vannak kºtve ®s direkt vagy indirekt 

m·don kapcsol·dnak az adatok ®s/vagy az inform§ci· elŖ§ll²t§s§hoz, feldolgoz§s§hoz, 

§talak²t§s§hoz, sz§ll²t§s§hoz, t§rol§s§hoz vagy ®ppen a felhaszn§l§s§hoz. 

A defin²ci· szerinti hadvisel®sre e cikk keretein bel¿l nem t®rek ki, mert a kibert®rnek ®s 

virtu§lis vil§gnak, az egyik ism®rve, hogy teljesen elmossa a hat§rokat azokon a ter¿leteken, melyek 

e tev®kenys®g meghat§roz· param®terei. ĉgy az idŖ, t®r ®s szereplŖk dimenzi·iban nem hat§rozhat· 



                          Dobos Oszk§r, Dr. habil. Csisz§rik-Kocsir Ćgnes ï (ESB 2021) 

 

102 

 

meg pontosan a h§bor¼ ®s a b®ke. 

SzereplŖket tekintve a kibert®rben tºrt®nŖ hadvisel®sben, legyen sz· v®delemrŖl vagy 

ellentev®kenys®grŖl a v®grehajt·k ®s az elszenvedŖk, vagyis c®lpontok sem sz¿ks®gszerŤen katonai 

vagy had§szati szereplŖk. Hat§rozottan kijelenthetj¿k, a kibert®rben l®vŖ potenci§lis c®lpontok 

nagyobb r®sze civil, gazdas§gi vagy politikai ter¿leten azonos²that·. A kritikus infrastrukt¼ra, illetve 

kritikus inform§ci·s infrastrukt¼ra elemei, a kºzºss®gi m®dia rendszerek vagy a nagy tºmegeket 

®rintŖ esem®nyek: v§laszt§sok, sportrendezv®nyek mind olyan magas kock§zatnak kitett r®szei a 

kibert®rnek, amelyek nem tartoznak egy orsz§g haderej®be. Ez®rt a NATO ®rtelmez®s®ben is fontos 

szerepe van a civileknek ®s a civil katonai egy¿ttmŤkºd®snek, a kibert®ri mŤveletekben. A kºzºs 

tev®kenys®get tºbbek kºzt kºzºs kompetencia ®p²t®ssel ®s k®pess®gfejleszt®ssel is kieg®sz²ti [3]. 

Az idŖ horizonton is elmos·dik a hat§r ®s nem lehet k¿lºnv§lasztani a h§bor¼t vagy 

hadi§llapotot a b®k®tŖl, ugyanis a kibert®r jellemzŖje, hogy ak§r a k§rt®kony szoftver robotok miatt, 

ak§r a hum§n mŤveletek miatt b§rmikor sor ker¿lhet kiberincidensre, ²gy t§mad§sra ®s v®dekez®sre 

egyar§nt. A kognit²v mŤveletekkel, internetes technik§kkal el®rhetŖ civil lakoss§g minden percben 

potenci§lis c®lpont. 

A helysz²n az elŖzŖek anal·gi§j§ra szint®n nem elk¿lºn²thetŖ vagy kºr¿lhat§rolhat· a h§bor¼s 

ºvezet, vagy a konkr®t mŤveleti ter¿let. Ami a kibert®rben van, vagyis h§l·zatra van kapcsolva a 

h§l·zat minden pontj§r·l el®rhetŖ fºldrajzi helysz²ntŖl vagy t§vols§gt·l f¿ggetlen¿l.  

A fent le²rtakat ºsszegezve, a kiberhadvisel®s ®rtelmez®se, a kibert®r saj§toss§gait figyelembe 

v®ve, egy idŖben ®s t®rben §lland· tev®kenys®g, melynek mindenki a szereplŖj®v® v§lik, aki direkt 

vagy indirekt m·don csatlakozik az inform§ci·s h§l·zathoz. A tev®kenys®g alatt Kov§cs L§szl·hoz 

csatlakozva, a kibert®ri v®delem mellett katonai, politikai, gazdas§gi c®lzattal v®grehajtott tudatos 

cselekedetet ®rtek.  

£rtelmez®sem szerint az®rt indokolt a hadvisel®s sz· haszn§lata, mert ezen tev®kenys®g nemzeti 

®rdekek ment®n ®s adott esetben nemzetek ®rdekeit, biztons§g§t vesz®lyeztetve tºrt®nik. E 

gondolatmenetet kieg®sz²ti, teljess® teszi az a t®ny is, miszerint a NATO a 2016-os Vars·i cs¼cson 

a kiberteret az ºtºdik hadsz²nt®rk®nt azonos²tja [4]. 

A hadvisel®s mag§ban foglalja a t§mad· ®s v®delmi eszkºzºk haszn§lat§t, ez esetben a 

kiberfegyverek ®s kiberv®dekez®shez sz¿ks®ges eszkºzºket. Teh§t nem a fizikai dimenzi·ban 

mŤkºdŖ, a val·di eszkºzºk hat§smechanizmus§hoz hasonl· t§rgyakra kell gondolnunk, hanem 

olyan szoftver- ®s hardvereszkºzºkre, valamint ezek kibert®ri alkalmaz§s§ra, amelyekkel a kijelºlt 

c®lpontok sz§m§ra valamilyen m®rt®kŤ k§r okozhat· [5]. Kºzvetve ez a k§r term®szetesen lehet 

fizikai, anyagi, kognit²v, de ºsszess®g®ben elŖszºr mindig valamilyen inform§ci· ®s azzal val· 

mŤvelet a c®l. Tekintve, hogy e publik§ci· c®lja a civil fejleszt®sekben szereplŖ projektmenedzserek 

szerepe a kiberhadisel®sben, ez®rt eset¿nkben c®lszerŤbb a kiberhadvisel®s inform§ci·val 

kapcsolatos ter¿leteire f·kusz§lni, ez®rt vizsg§lom az IKT szektor kapcsol·d§s§t a 

kiberhadvisel®ssel. 

3 IKT ®s a kiberhadvisel®s 

A kibert®r defin²ci·ja j·l mutatja a kapcsolatot az infokommunik§ci·s iparral, gondoljunk csak 

a h§l·zatokra, kiemelve az internetet, az inform§ci·val val· mŤveletekre, a szereplŖkre, az IoT elvre, 

vezet®kn®lk¿li kommunik§ci·ra. Tekintve, a kiberhadvisel®s kºrnyezete a kibert®r, a kºzvetett 

kapcsolat m§r ²gy is bizony²that· a kiberhadvisel®s ®s az IKT kºzºtt. A kiberhadvisel®s 

®rtelmez®s®vel kºzvetlen kapcsolatok is bizony²t§st nyernek, ez®rt tartom sz¿ks®gesnek rºviden erre 

is kit®rni. Az infokommunik§ci·s szektorra ®s a civil felhaszn§l§sra koncentr§lva a kiberhadvisel®s 

bizonyos kibermŤveleti k®pess®geit vizsg§ljuk csak. 

ω Sz§m²t·g®p-h§l·zati mŤveletek 



                          Dobos Oszk§r, Dr. habil. Csisz§rik-Kocsir Ćgnes ï (ESB 2021) 

 

103 

 

ω Megt®veszt®s 

ω Pszichol·giai mŤveletek 

ω Civil -katonai egy¿ttmŤkºd®s 

ω Tºmegt§j®koztat§s [1] 

A sz§m²t·g®p-h§l·zati mŤveletek alatt a h§l·zat fizikai ®s logikai r®teg®vel val· mŤveleteket 

®rtj¿k. C®lpontjai a h§l·zat elemei, szoftverek, hardverek, adatb§zisok. A h§l·zaton v®gzett 

felder²t®s, t§mad§s, v®dekez®s ®s az adatmanipul§l§sok tartoznak ide. 

A megt®veszt®s al§ tartozik b§rminemŤ nem val·s inform§ci· kºzl®se, ezek lehetnek fizikai 

megt®veszt®s, elektronikai vagy szoftveres, de ak§r pszichol·giai pl social engineering is. A 

megt®veszt®s a kibert®r minden r®teg®ben lehets®ges. 

Pszichol·giai mŤveletek kifejezetten az emberekre hatnak, valamilyen befoly§sol§s, 

egy¿ttmŤkºd®s vagy kapcsolattart§s. Ez jelenthet b§rmilyen kommunik§ci·s csatorn§t, ami a 

kibert®rben tal§lhat·. 

A civil katonai egy¿ttmŤkºd®s a pszichol·giai mŤveletekhez kºzel §ll· k®pess®g. Eszkºzºket 

technik§kat alkalmaz, a civil lakoss§g ®s az igazgat§si szervek kºzti kommunik§ci·ra. 

Tºmegt§j®koztat§s kifejezetten az inform§ci· tºmegekhez val· eljuttat§s§t c®lozza. 

T§j®koztat§s interneten, kºzºss®gi m®di§n, h²rport§lokon kereszt¿l. 

A felsorolt kibermŤveleti inform§ci·s k®pess®gek term®szetesen a kibert®rben val·sulnak meg, 

de bel§that·, hogy az IKT szervezetek term®kein, szolg§ltat§sain kereszt¿l fejtik ki hat§sukat, sŖt 

sok esetben azok maguk a c®lpontok is. 

4 Kibert®r technol·gi§i, fejlŖd®se 

Az ºsszes jelenlegi ®s elŖre jelezhetŖ technol·gia bemutat§sa fizikai keretek miatt ®s a 

dinamikus IKT szektor miatt sem lehets®ges, ez®rt azokra a ter¿letekre f·kusz§lok, amelyek 

legjobban mutatj§k az IKT ®s a civilek szerep®t a kiberhadvisel®sben, valamint term®szetesen a 

mesters®ges intelligenci§hoz kapcsolod·akra.  

A teljes digitaliz§ci· ®s adatgyŤjt®s alapja vil§gh§l·, vagy internet. Ez teszi gyakorlatilag 

lehetŖv® a kibert®r ilyen m®rt®kŤ kiterjedts®g®t, valamint az inform§ci· gyors ®s hat®kony 

megoszt§s§t. B§r az internet, nem polg§ri c®lra k®sz¿lt m§ra m§r az infokommunik§ci·s piac 

megker¿lhetetlen eszkºze. FŖ c®ljai ®s tulajdons§gai: 

ω nincs egy kºzponti ir§ny²t·, fel¿gyelŖ szervezet sem, 

ω nincs egy kºzponti vez®rlŖ sz§m²t·g®p sem, 

ω sz§m²t·g®pek milli§rdjai kapcsol·dnak egym§shoz, 

ω nem egy fizikailag j·l defini§lhat· helysz²nen tal§lhat·, 

ω nem egy fizikailag megfoghat· dolog [6]. 

Fontos az internet szerepe a h§l·zatosod§sban, valamint az arra ®p¿lŖ technol·gi§kban. Az 

adatfeldolgoz§sban ®s tov§bb²t§sban ez®rt azon ter¿leteken is, amelyek erre ®p²tenek p®ld§ul a g®pi 

tanul§s vagy a mesters®ges intelligencia. 

Az internetre ®p¿lŖ technol·gi§k kºz¿l a h§l·zatosod§s egy kºvetkezŖ szintj®t a felhŖ 

technol·gia adja. A s§vsz®less®g nºveked®s®vel lehetŖs®g ny²lt egy ¼j megkºzel²t®sre. Nem a 

h§l·zatra kapcsolt eszkºzºkºn kell az adatokat t§rolni ®s feldolgozni, hanem egy kºzponti helyen a 

h§l·zaton. Ez egy fontos szeml®letv§lt§s, mert alapjaiban v§ltoztatja meg a digit§lis mŤkºd®st, 

lehetŖv® teszi a komplex adatfeldolgoz§st, egym§st·l f¿ggetlen rendszerek ºsszekapcsol§s§t. 

Tov§bbi elŖnye a felhaszn§l·k sz§m§ra a sk§l§zhat·s§g. Mindig annyi erŖforr§st haszn§l, amennyire 

sz¿ks®ge van, ²gy a haszn§lt eszkºznek nem sz¿ks®ges sz®lsŖs®gesen magas kapacit§s a ritk§n 
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esed®kes teljes²tm®ny cs¼csok kiel®g²t®s®re. Az inform§ci·k ®s szolg§ltat§sok tºbb eszkºzrŖl is 

el®rhetŖek, nem sz¿ks®ges eszkºzºnk®nt tºbbszºrºs²teni.  

A tech c®gek az IKT szektorban folyamatosan K+F+I projektekkel fejlesztik a megl®vŖkre 

®p¿lŖ ¼j technol·gi§kat. A felhŖ alap¼ sz§m²t§stechnika ®s az egyre fejlŖdŖ mobilkommunik§ci· 

szemben az eddigi okos eszkºzºk h§l·zat§val, lehetŖv® teszi szinte minden elektronikai eszkºz 

h§l·zatba kapcsol§s§t, majd t§volr·l val· fel¿gyelet®t vagy ak§r ir§ny²t§s§t. Eszerint megfordul a 

felt®tel ir§nya ®s a h§l·zatra kapcsol§s alak²t §t okos eszkºzz® b§rmit. Ezt h²vjuk Internet of Things-

nek (IoT). Az IoT-n®l sok esetben t®nyleg minden a felhŖben tºrt®nik az inform§ci·val. A h§l·zatra 

kapcsolt eszkºzben mindºssze egy szenzor ®s egy h§l·zati kapcsolatot lehetŖv® tevŖ mikrocsip 

tal§lhat·. Ez a kibert®r vonatkoz§s§ban fontos m®rfºldkºvet jelent, a val·s fizikai vil§g nagy r®sze 

a szenzorokon kereszt¿l adatokk§ alak²that·, ²gy a kibert®rbe ker¿l. Az IoT technol·gia k®pezi az 

alapj§t a teljes okos ºkosziszt®m§nak, p®ld§ul az okosv§rosoknak, okosotthonoknak, okosaut·knak 

®s azok tov§bb fejleszt®s®nek az ºsszekapcsolt j§rmŤveknek (connected vehicle) valamint az ²gy 

l®trejºvŖ ºnvezetŖ j§rmŤ technol·gi§nak. 

Ez hatalmas mennyis®gŤ adatot jelent, amely az infokommunik§ci·s technol·gi§k 

t®rh·d²t§s§val exponenci§lisan nºvekszik. A cisco 2018-2023-as elŖrejelz®se szerint az internet 

felhaszn§l·k sz§ma 3,9 milli§rdr·l 5,3 milli§rdra fog nºvekedni ®s enn®l is tºbb h§l·zatra kapcsolt 

eszkºz lesz el®rhetŖ 18,4 milli§rdr·l 29,3 milli§rdra fog nºvekedni a sz§muk [7]. Ez term®szetesen 

mag§val vonja az adatmennyis®g nºveked®s®t is az egy ®vvel kor§bbi elŖrejelz®s alapj§n, 2017-tŖl 

2021-ig a szem®lyes adatforgalom 13 Gbyte-r·l 35 Gbyte-ra fog emelkedni [8]. Az alkalmazott 

klasszikus adatfeldolgoz§si m·dszerek, struktur§lt adatb§zisok nem alkalmasak ilyen mennyis®gŤ 

®s, ami m®g fontosabb ilyen komplexit§s¼ adathalmazok feldolgoz§s§ra, ez®rt egy ¼jabb 

technol·giai fejlŖd®s van folyamatban, melyet bigdata-nak nevez¿nk. A bigdata az eddigi 

adatmŤveletektŖl elt®rŖen mŤkºdik, a h§l·zatra kapcsolt eszkºzºn, szenzoron nincs 

adatfeldolgoz§s, ez a felhŖben tºrt®nik, ahol hatalmas mennyis®gŤ adat gyŤjt®se ®s ºsszekapcsol§sa 

megy v®gbe. Majd az ugyancsak hatalmas erŖforr§s¼ szervereknek van megfelelŖ kapacit§sa a 

v®gpontokon kiadott mŤveletek v®grehajt§s§ra. Ez a felhŖ alap¼ sz§m²t§stechnika elŖnyei mellett 

lehetŖs®get ad egym§st·l teljesen f¿ggetlen adatok ºsszekapcsol§s§ra, ez§ltal az inform§ci· eddig 

nem haszn§lt vagy nem is ismert m·don val· felhaszn§l§s§ra, vizualiz§ci·j§ra. 

Az eddig bemutatott technol·gi§k lehetŖv® teszik az adatok gyŤjt®s®t, §talak²t§s§t, ®s 

feldolgoz§s§t. A digitaliz§ci·nak, IoT ®s sz®less§v¼ kommunik§ci·s technol·gi§nak kºszºnhetŖen, 

olyan mennyis®gŤ adat halmoz·dik fel, melyet kor§bbi m·dszerekkel nem lehet, vagy csak nagy 

hat®konys§gveszt®ssel feldolgozni. Ennek a megold§s§ra ir§nyul· trend a big data. Ezzel karºltve 

egy m§sik nagyon fontos technol·gia a mesters®ges intelligencia (MI) is elŖt®rbe ker¿l. Az MI arra 

hivatott, hogy automatikusan emberi beavatkoz§s n®lk¿l tudjon a feladatokat elv®gezni. Az elsŖ 

hull§mban emberi tud§st ®s k®pess®geket tan²tanak meg a szoftvereknek, param®terezik azokat, ®s 

bizonyos inform§ci·k visszajelz®sek alapj§n adott kºrnyezetben ºsszetett feladatokat, kv§zi 

dºnt®seket is el tudnak v®gezni a g®pek. Az elm¼lt n®h§ny ®v adatintenz²v mŤkºd®se a kutat§sokat 

egy az elsŖn®l dinamikusabb, adapt²vabb ir§nyba terelte. Ez azt jelenti, hogy a historikus adatokb·l 

k®sz²tett dºnt®sek ®s elŖrejelz®sek mellett, val·sidejŤ a kºrnyezetbŖl kapott inform§ci·k alapj§n is 

tudnak mŤkºdni ezek az algoritmusok. A leg¼jabb kutat§sok eredm®nyei ezen t¼lmutatva, az MI-t 

felruh§zz§k a tanul§s k®pess®g®vel. A g®pi tanul§s (machine learning), lehetŖv® teszi a bejºvŖ 

adatok elemz®se sor§n ®rt®kelt eredm®nyek be®p²t®s®t a tov§bbi mŤkºd®sbe, vagyis a mŤkºd®s 

fejleszt®s®t m§s sz·val a tanul§st. Ez jelenleg egy komplex ®s bonyolult mŤvelet, nagyon nagy 

mennyis®gŤ adat sz¿ks®ges hozz§, ami sok esetben nem is §ll rendelkez®sre ez®rt szintetikus 

adatokat §ll²tanak elŖ, ami igaz§n dr§g²tja ®s nºveli a tanul§s idŖtartam§t [9].  

A bemutatott, jelenleg is haszn§lt ®s sz®les kºrben elfogadott technol·gi§k mellett, 

term®szetesen a jºvŖ is az ezek ®s ehhez hasonl· mŤszaki megold§sok fejleszt®s®rŖl sz·l. B§r 
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Raymond Kurzweil §ltal defini§lt technol·giai szingularit§s szerint, a jºvŖ technol·gi§it nem tudjuk 

megmondani, mert eljutunk egy olyan pontra a fejlŖd®sben, ahol a gyors ¿tem kºvetkezt®ben nem 

tudjuk felfogni a holnap mŤkºd®s®t [10]. M®gis az®rt vannak becsl®sek, a k¿lºnbºzŖ kutat·int®zetek 

pr·b§lnak trendeket meghat§rozni, amik mutatj§k a jºvŖt n®h§ny ®ves t§vlatban. A Gartner 

kutat·int®zet folyamatosan elemzi, ®s egy hype gºrbe seg²ts®g®vel hat§rozza meg a trendeket. A 

legfrissebb el®rhetŖ 2019-es hype gºrb®je ºt ter¿letet azonos²t, melyek kºz¿l csak az MI-vel 

kapcsolatosokra t®r¿nk ki r®szletesebben: 

ω Szenzorok ®s mobilit§s: ez a trend olyan technol·gi§kat tºmºr²t, amelyek egyre ink§bb 
lehetŖv® teszik a mobilit§st ®s a hozz§tartoz· eszkºzºk kezel®s®t, bele®rtve a 3D ®rz®kelŖ 

kamer§kat ®s a fejlettebb auton·m vezet®st. A szenzorok ®s az AI fejlŖd®s®vel az auton·m 

robotok tudatosabban mŤkºdnek az Ŗket kºr¿lvevŖ kºrnyezetben. P®ld§ul az olyan ¼j 

technol·gi§k, mint a kºnnyŤ sz§ll²t· dr·nok (mind rep¿lŖ, mind gurul·) fejlettebben 

fognak navig§lni ®s figyelembe venni a t§rgyakat. Ezt a technol·gi§t jelenleg akad§lyozza 

a jogi kºrnyezet, de a mŤszaki fejleszt®s tov§bb folytat·dik. Az ide tartoz· technol·gi§k: 

felhŖ alap¼ kiterjesztett val·s§g (AR), ºnvezet®s negyedik ®s ºtºdik szintje valamint a 

rep¿lŖ ºnvezetŖ j§rmŤvek. 

ω Emberi robottechnol·gi§k a trend az ember fizikai ®s pszichol·giai k®pess®geit hivatott 
fejleszteni biochippekkel ®s ®rzelmi mesters®ges intelligenci§val.  

ω Poszt klasszikus sz§m²t§s ®s kommunik§ci·: klasszikus vagy bin§ris sz§m²t§stechnika, 
amely bin§ris biteket haszn§l, a megl®vŖ, hagyom§nyos architekt¼r§k megv§ltoztat§s§val 

fejlŖdik.  

ω Digit§lis ºkosziszt®m§k, melyek a kibert®r szereplŖit ºsszekºtŖ megoszt· platformok.  

ω Magas szintŤ mesters®ges intelligencia (angolul: AI, magyarul: MI) ®s elemz®sek. A 

kºvetkezŖ gener§ci·s elemz®s az adatok vagy a tartalom auton·m vagy f®lig auton·m 

vizsg§lata, kifinomult eszkºzºk haszn§lat§val, a hagyom§nyos ¿zleti szempontokon t¼l. A 

g®pi tanul§si modellekre ®p¿lŖ technol·gi§k lehetŖv® teszik az AI ®s azon kereszt¿l az 

adatelemz®sek tov§bbfejleszt®s®t. Ebbe a trendbe tartoznak az adapt²v g®pi tanul§s, az AI, 

a grafikon elemz®sek [11].  

Az elŖzŖekben ismertetett ¼j technol·gi§k, fejleszt®sek az elŖnyºk mellett fokozott kock§zatot 

jelentenek, ugyanis biztos²tj§k a teljes t§rsadalom, ®s gazdas§g bekapcsol§s§t a kibert®rbe.  

5 Kiberhadvisel®s kiterjed®se a civil szf®r§ra 

A kiberhadvisel®s tev®kenys®gei kºz® tartozik a felder²t®s ®s az ellentev®kenys®g is 

term®szetesen, viszont a IKT szervezetek ®s polg§ri szakemberek oldal§r·l megkºzel²tve indokolt a 

v®delemre val· szŤk²t®se a vizsg§latnak, ugyanis, b®keidŖben jogellenes b§rmif®le felder²t®s vagy 

ellentev®kenys®g. 

A kiberv®delem civil kºtºd®s®nek bemutat§s§hoz a kritikus infrastrukt¼r§t ®s kritikus 

inform§ci·s infrastrukt¼r§t is sz¿ks®ges ®rtelmezni, mint az orsz§g szempontj§b·l fontos §m civil 

¿zemeltet®sben levŖ szervezetek. P®ld§ul a telekommunik§ci·s c®gek, bank szektor, m®dia, 

kºzleked®s k¿lºnºs tekintettel a logisztikai §gra. 

A nemzet biztons§ga szempontj§b·l kritikus infrastrukt¼ra elemek. A 2012. ®vi CLXVI. tv. 1. 

Ä, f. pont a kºvetkezŖk®ppen hat§rozza meg a kritikus infrastrukt¼r§t:  

ĂMeghat§rozott §gazatok valamelyik®be tartoz· eszkºz, l®tes²tm®ny vagy rendszer olyan 

rendszereleme, amely elengedhetetlen a l®tfontoss§g¼ t§rsadalmi feladatok ell§t§s§hoz ï ²gy 

k¿lºnºsen az eg®szs®g¿gyhºz, a lakoss§g szem®ly- ®s vagyonbiztons§g§hoz, a gazdas§gi ®s szoci§lis 

kºzszolg§ltat§sok biztos²t§s§hoz ï, ®s amelynek kies®se e feladatok folyamatos ell§t§s§nak hi§nya 

miatt jelentŖs kºvetkezm®nyekkel j§rna, de a digitaliz§ci·, valamint az adatalap¼ t§rsadalom 



                          Dobos Oszk§r, Dr. habil. Csisz§rik-Kocsir Ćgnes ï (ESB 2021) 

 

106 

 

kºvetkezm®nyek®ppen, kialakult a kritikus inform§ci·s infrastrukt¼ra isò [12]. 

A teljes felsorol§s kºzl®s®re e publik§ci·ban nincs lehetŖs®g, viszont az egyik fŖ§gazat ®s 

al§gzatai fontos r®sze a t®m§nak ®s nagy r®sze ugyancsak civil ter¿leten mŤkºdik: 

1. t§bl§zat  
Infokommunik§ci·s technol·gi§k  internet-infrastrukt¼ra ®s 

internethozz§f®r®s-szolg§ltat§s  

vezet®kes ®s vezet®k n®lk¿li 

elektronikus h²rkºzl®si szolg§ltat§sok, 

vezet®kes ®s vezet®k n®lk¿li h²rkºzlŖ 

h§l·zatok  

r§di·s t§vkºzl®s  

Ťrt§vkºzl®s  

mŤsorsz·r§s  

postai szolg§ltat§sok  

korm§nyzati informatikai, elektronikus 

h§l·zatok  

Forr§s: 2012. ®vi CLXVI. tv. 1. Ä, f. pont ï a szerzŖ szerkeszt®se 

A kritikus inform§ci·s infrastrukt¼ra egy kºvetkezŖ ®vi korm§nyrendeletben ker¿lt 

meghat§roz§sra, a kritikus infrastrukt¼ra-v®delmi tºrv®ny v®grehajt§s§r·l sz·l· rendeletben. 

ĂA t§rsadalom olyan h§l·zatszerŤ, fizikai vagy virtu§lis rendszerei, eszkºzei ®s m·dszerei, 

amelyek az inform§ci· folyamatos biztos²t§sa ®s az informatikai felt®telek ¿zemfolytonoss§g§nak 

sz¿ks®gess®g®bŖl ad·d·an ºnmagukban l®tfontoss§g¼ rendszerelemek, vagy m§s azonos²tott 

l®tfontoss§g¼ rendszerelemek mŤkºd®s®hez n®lk¿lºzhetetlenekò [13]. 

Az eml²tett rendszereken t¼l kiberbiztons§g fontos, az IKT c®gek term®kein®l ®s 

szolg§ltat§sain§l egyar§nt, ugyanis magas internet penetr§ci· miatt a polg§rok mindenre kiterjedŖ 

adatai, ®s azon kereszt¿l pl: vagyona ²gy biztons§ga is vesz®lyben van. Ezt tov§bb gondolva, a 

kibert®r n®lk¿lºzhetetlen szereplŖi az IKT szervezetek ®s szakemberek, ez®rt fontos r®sz®t kell 

k®pezz®k a kiberv®delemnek. Alexander Klimburg v®lem®nye szerint is az IKT szereplŖk szerves 

r®sz®t k®pezik az inform§ci· biztons§gnak. A IKT c®gek elfogadott ®s glob§lisan elterjedt term®kei 

®s szolg§ltat§sai egy¼ttal s®r¿l®kenys®get is jelentenek. A vil§gszerte haszn§lt term®kek ®s 

szolg§ltat§sok miatt egyetlen orsz§g sem k®pes saj§t erŖbŖl, sz§m§ra megb²zhat· ®s kontroll§lhat· 

forr§sokb·l biztos²tani a teljes IKT ell§t§si l§ncot. Azok a ter¿letek alapvetŖen kiemelt kock§zatot 

jelentenek, ahol tºbb besz§ll²t· term®k®t kell ºsszeintegr§lni, ezt m®g tov§bb nºvelik azok az esetek, 

ahol a szervezetek, vagy ak§r az adott orsz§g sz§m§ra megb²zhatatlan vagy kontroll§lhatatlan 

term®kek is be®p¿lnek. A lenti §bra j·l mutatja az IKT biztons§g szerep®t az inform§ci·biztons§gban 

[14]. 
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1. §bra [14] ï szerzŖ szerkeszt®se 

Teh§t a legfŖbb kapcsolata a kiberhadvisel®snek ®s az IKT szektornak a kiberv®delemben, a 

kiberbiztons§g megteremt®s®ben van. A kiberv®delem fontos szerepet j§tszik, magukn§l az 

infokommunik§ci·s szervezetekn®l, rendszerekn®l, mint  

Az eddigiek ºsszefoglalva bizony²tj§k, a kiberhadvisel®s sz§mottevŖ r®sze az IKT szektor civil 

r®sz®ben zajlik. A civil szereplŖk az ºsszes §llampolg§rra vet²tve tºbbs®gben c®lpontjai az 

kiberhadvisel®snek, de a ter¿let szakemberei fontos v®delmi szerepben tŤnnek fel. A v®delemhez 

haszn§latos modellek, hardver ®s szoftver eszkºzºk fejleszt®s®hez, ezek implement§ci·j§hoz, 

egym§ssal val· integr§ci·j§hoz, szervezetre tºrt®nŖ testreszab§s§hoz, valamint adott incidensre val· 

reakci·hoz ®s helyre§ll²t§shoz sz¿ks®ges csapat: 

ω mŤszaki szakember, jellemzŖen tºbb ter¿letrŖl 

ω projektvezetŖ 

ω ¿zleti elemzŖ 

ω mŤszaki elemzŖ/felelŖs 

ω egy®b szakember (egy-egy k®rd®sben sz¿ks®ges lehet: jogi, gazdas§gi, politikai, 

kommunik§ci·s kompetencia is) 

MŤszaki szakember ®s projektvezetŖ a felsoroltak kºz¿l minden projektben szerepel, ¿zleti 

elemzŖ, mŤszaki felelŖs ®s egy®b szakember pedig f¿gg a projekt t²pus§t·l, m®ret®tŖl ®s a szervezet 

folyamatait·l.  

6 Projektmenedzsment ®s az MI az IKT szektorban 

A mai szervezetek szervezeti strukt¼r§ja az IKT szektorban, §ltal§ban k®tf®le. Az egyik a projekt 

szervezet, ami kifejezetten projekt alapon mŤkºdik, ez®rt a projektek kºr® ®p¿l a szervezet is, azok 

vannak a mŤkºd®s kºz®ppontj§ban. A vezet®s jellemzŖen management by project iskol§t kºveti, 

ez®rt strat®giai szintre emeli projektmenedzsmentet, a teljes szervezet projektszeml®letben dolgozik 

®s teljes ºsszhang van a projekt c®lok ®s v§llalati c®lok (strat®giai c®lok kºzt). A projekten k²v¿l a 

koll®g§k csak tr®ningeken, oktat§sokon, illetve belsŖ hat®konys§gjav²t§si projekten vesznek r®szt. 

JellemzŖen itt projekt ut§n a munkav§llal·k beker¿lnek egy ¼gynevezett erŖforr§s medenc®be, 

ahonnan szabadon be lehet Ŗket vonni egy indul· vagy fut· projektbe. Az informatik§ban ezt a 

modellt jellemzŖen, egyedi fejleszt®sekkel, rendszerintegr§ci·val, magas hozz§adott ®rt®kŤ K+F+I-

vel, tan§csad§ssal ®s bevezet®sekkel foglalkoz· szervezetek, valamint kutat· laborok alkalmazz§k. 

A m§sik szervezeti forma a m§trix szervezet, ahol, ha egy m§trixot k®pzel¿nk el, az oszlopok a 

funkcion§lis egys®gek, a sorok pedig a projektek. Mind a funkcion§lis egys®gnek, mind pedig a 

projektnek van egy vezetŖje. A m§trix szervezetn®l a funkcion§lis szervezeti egys®gben vannak 
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alapfeladatok, amelyeket el kell l§tni. A projektek pedig az eg®sz szervezeten kereszt¿l menve tºbb 

funkcion§lis egys®gbŖl ®p¿lnek fel. A projektek alkotj§k a sorokat a m§trixban. Ebben a 

szervezetben is fontos a projektszeml®let ®s a projekt mŤkºd®s ez®rt is ker¿lnek neves²t®sre az 

ideiglenes szervezetek ®s a projektvezetŖk a strukt¼r§ban. A projektek kºzt a koll®g§k a saj§t 

szervezeti egys®g¿kben v®gzik az egys®g magtev®kenys®g®t. Ezt a modellt olyan nagy szervezetek 

alkalmazz§k, amelyeknek a projekttev®kenys®gen k²v¿l van m§s folyamatos alaptev®kenys®g¿k, 

szolg§ltat§suk, term®k¿k. JellemzŖen ilyenek a multinacion§lis v§llalatok, centraliz§lt nemzetkºzi 

c®gcsoportok, illetve a nagy §llami szervezetek [15]. 

Az agilis m·dszertan elterjed®s®vel, elŖt®rbe ker¿l egy harmadik szervezeti strukt¼ra, ami a 

projekt szervezetre hasonl²t, viszont itt nem esik sz®t a projekt csapat egy feladat elv®gz®se ut§n, 

hanem egyben marad ®s csapatk®nt dedik§lj§k a kºvetkezŖ feladatra. Ez kifejezetten agilis, rugalmas 

kºrnyezetben lehets®ges csak, ez®rt m®g kevesebb szervezet v§lasztja, ezek jellemzŖen kis-kºzepes 

fejlesztŖ c®gek, vagy egy-egy saj§t term®kkel rendelkezŖ a vevŖi ig®nyekre gyorsan reag§lni k²v§n· 

szervezetek, pl start-up c®gek, ¼j technol·gi§kkal foglalkoz· innovat²v fejlesztŖ v§llalkoz§sok 

Mindk®t fŖ szervezeti strukt¼ra f·kusz§ban a hat®kony projektmenedzsment §ll, mŤkºd®s¿k, 

munk§juk t¼lnyom· tºbbs®ge projekt alapon zajlik. A szervezeti fel®p²t®s mellett ezen szervezetek 

professzion§lis, szervezeti szintŤ projektmenedzsmenttel erŖs²tik a mŤkºd®s¿ket. Ahhoz, hogy ezt 

m®rni ®s fejleszteni lehessen, megl®vŖ m·dszertanokat haszn§lnak ®s m®rik a szervezet ®retts®g®t, 

hol tart a fejlŖd®sben. 

A Project Management Institute (PMI) 2018-as felm®r®se szerint, a v§llalatok 93%-a haszn§l 

valamilyen standard projektmenedzsmentet [16]. A Price Waterhouse Coopers kor§bbi 2007-es 

felm®r®se is hasonl·an magas ar§nyt mutatott ki, 77%-ban haszn§lnak a c®gek, valamilyen 

dokument§lt, eg®sz v§llalatra kiterjedŖ projektmenedzsment m·dszert [17]. 

Az ®retts®gi modellek a projektmenedzsment k¿lºnbºzŖ aspektusait n®zik a szervezet 

mŤkºd®s®nek, k¿lºnbºzŖ m·dszerekkel, melyek a tov§bbiakban ker¿lnek r®szletesebben 

bemutat§sra a modellek le²r§s§n§l. 

Paulk, a CMM(R) modell egyik kutat·ja ²gy defini§lja a PM fejletts®get: "egy specifikus 

folyamatot mennyire vil§gosan defini§lunk, menedzsel¿nk, m®r¿nk, ellenŖrz¿nk, ®s az mennyire 

hat§sos" [18]. SKUMOLSKI szerint a projektmenedzsment fejletts®get egyr®szt, a szervezet 

projektmenedzsment fel® ir§nyul· fog®konys§ga, nyitotts§ga mutatja, m§sr®szt azt is jellemzi, a 

szervezet mennyire k®pes teljesen t§mogatni ®s enged®lyezni a projektmenedzsereinek, hogy 

megtegy®k azokat a l®p®seket, amik sz¿ks®gesek a projekt sikerhez [19]. 

A kºvetkezŖkben, csup§n a legelterjedtebb projektmenedzsment ®retts®g modellek ker¿lnek 

bemutat§sra, ugyanis Pennypacker a 2000-es ®vek elej®n, tºbb mint 30 l®tezŖ modellt gyŤjtºtt ºssze, 

melyek sz§ma az·ta csak nºvekedett [20].  

A h§rom legismertebb ®s leghaszn§ltabb projektmenedzsment modell jelenleg a PMI - OPM3, 

a PRINCE2 ®s az International Project Management Association (IPMA) modellje. Bemutat§sra, 

azonban a PMI, Prince2 ®s CMMI modell ker¿l e publik§ci· sor§n, ugyanis a CMMI kifejezetten 

IKT-beli fejleszt®sekre jºtt l®tre ez®rt nagyobb relevanci§ja van meg²t®l®sem szerint, mint az IPMA 

modellnek ®s a kifejezetten IT ter¿letet vizsg§lva a penetr§ci·ja sem kisebb megl§t§som szerint. 

A modellek bemutat§sa teljess®g ig®nye n®lk¿l tºrt®nik, f·kusz§lva azokra a ter¿letekre, ahol 

tudnak vagy tudn§nak kapcsol·dni a mesters®ges intelligenci§val. 

6.1 PRINCE2 

L®trehoz§s§nak fŖ oka az informatikai szervezetek projektjeinek ir§ny²t§sa volt, m§ra m§r egy 

j·val sz®lesebb kºrben elterjedt, szinte §ltal§nos projektmenedzsment m·dszertank®nt tartj§k 

sz§mon. Ez, a Ăde factoò szabv§nyra ®p¿lŖ projektir§ny²t§si technika m§r nemcsak az Egyes¿lt 
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Kir§lys§gban, hanem Eur·p§ban is elterjedt ®s a gyakran haszn§lt m·dszertanok egyik®v® v§lt [21]. 

A Prince2 a projektmenedzsment egy folyamat alap¼ megkºzel²t®se. Le²rja, egy projektet 

hogyan lehet k¿lºnbºzŖ, k¿lºn-k¿lºn ir§ny²that· folyamatokra osztani, amelyek mindegyik®nek j·l 

meghat§rozott bemenete (r§ford²t§s), kimenete (eredm®ny) ®s c®lja van. A m·dszer alapja a 

minŖs®gmenedzsment, ami lehetŖv® teszi a szervezet sz§m§ra a folyamatos ellenŖrz®st a projekt 

kezdet®tŖl eg®szen a lez§r§sig.  

A Prince2 m·dszertan n®gy kulcsfontoss§g¼ r®sze: 

ω 8 meghat§rozott folyamat, ami a projektmenedzsment keret®t adja 

ω 8 alapelv ®s ir§nyelv, amit a k¿lºnbºzŖ folyamatok alatt haszn§lunk 

ω 3 m·dszer, ami a folyamatokat t§mogatja 

ω Az alkot·elemek pontos meghat§roz§sa a projekt ellenŖrz®se c®lj§b·l 

2. t§bl§zat. A PRINCE2 kulcs elemei (Forr§s: [21] saj§t szerkeszt®s) 

 
Amennyiben a szervezet ezt a m·dszertant v§lasztja, lehetŖv® teszi a vezetŖinek ®s a 

projektmenedzsereinek a k¿lºnbºzŖ projektek egyedi megkºzel²t®s®t. A Prince2 m·dszertan 

felt®telezi, a szervezet m§r rendelkezik j·l bev§lt projektmenedzsment technik§val, ²gy ink§bb 

azoknak a tov§bbi felhaszn§l§s§ra ®s fejleszt®s®re ºsztºnzi a r®sztvevŖket. Maga a modell 5 ®retts®gi 

szintet k¿lºnbºztet meg, melyek a kºvetkezŖk: 
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2. §bra. A PRINCE2 ®retts®gi modell szintjei (Forr§s: [21]) (saj§t szerkeszt®s) 

Az elsŖ k®t szinten vagy egy§ltal§n nem, vagy pedig nem hat§rozottan jelennek meg a 

folyamatszab§lyoz§sok, elj§r§srendek, de az ad hoc feladatok v®grehajt§s§n§l nem veszik 

figyelembe azokat [21]. 

A defini§lt szinten elfogadott ir§nyelvek l®teznek a folyamatokra, elj§r§sokra, amelyek 

®rv®nyesek az ºsszes projektre. SzervezettŖl f¿ggŖen, ak§r mesters®ges intelligencia haszn§lat§r·l 

vagy ahhoz kapcsol·d· eszkºzºkrŖl sz·l· ir§nyelvek is lehetnek. 

A menedzselt ®s optim§lis szinten a legtºbb folyamat szab§lyozott keretek kºzºtt mŤkºdik, 

minden esetre vannak elj§r§srendek. A szervezet itt m§r professzion§lis szinten v®gzi a 

projektmenedzsment feladatokat.  

A PRINCE2 m·dszertan, egy hat®kony operat²v projektvezet®st lehetŖv® tevŖ eszkºz, 

elsŖdleges hangs¼lyt nem fektet jelenleg a mesters®ges intelligencia alkalmaz§s§ra, vagy ahhoz 

kapcsol·d·an b§rminemŤ IT eszkºzre. Ćltal§nos folyamatai szerint a projektmenedzser erŖs 

felhatalmaz§s§val egyedi/egy®ni f·kuszt lehetŖv® tesz az MI alap¼ technik§k vagy eszkºzºk 

haszn§lat§ra, A m·dszertan keretei kºzt, aj§nl§sok, j· gyakorlatok nincsenek k¿lºn dedik§lva. A 

fel®p²t®s®bŖl ad·d·an, a modell l®nyege sok ®s pontos adat a projektvezetŖ rendelkez®s®re 

bocs§t§sa. A digitaliz§ci·nak kºszºnhetŖen ®s az erŖs felhatalmaz§s miatt a m·dszertant haszn§l· 

szervezetek ®s projektvezetŖk gyorsan tudnak adapt§lni AI logik§t ®s t§mogat§st ak§r fut· 

projektekhez is. 

6.2 CAPABILITY  MATURITY MODEL INTEGRATION  

A CMMI modellt alapvetŖen egy Ăhibridò modellk®nt lehet le²rni, amely tºbb ®retts®gi modell 

erŖss®geinek be®p²t®s®vel jºtt l®tre. A c®l egy modell kidolgoz§sa volt, amely seg²ti a folyamatok 

®s term®kek fejleszt®s®t.  

K®t r®szbŖl tevŖdik ºssze, tartalmaz egy szervezeti ®retts®g vizsg§lati r®szt, illetve egy folyamat 

®retts®gi r®szt. A szervezetre vonatkoz· ï ¼gynevezett l®pcsŖzetes r®sz - olyan szervezeti 

fŖfolyamatok csoportjait vizsg§lja, amelyek tºk®letes²t®se ahhoz sz¿ks®ges, hogy a szervezet 

magasabb ®retts®gi szintre l®phessen. Az ut·bbi ter¿let a folytonos megkºzel²t®s, amely az egyes 

folyamatokra vonatkoz·an k®pess®gi szinteket azonos²t [22]. 

A CMMI modell eset®n is 5 ®retts®gi szintrŖl besz®lhet¿nk, minden szinten meghat§roz§sra 

ker¿ltek a kulcsfolyamatok. A megalkot·i tov§bb§ ºsszegyŤjtºtt®k az alacsonyabb szinten l®vŖ 

szervezetek sz§m§ra azokat az eszkºzºket, amelyek seg²tik a magasabb szintre l®p®st.  
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szervezeti szab§lyzatok kialak²t§sa 

folyamattervez®s 

szabad erŖforr§sok azonos²t§sa ®s rendelkez®sre bocs§t§sa 

felelŖss®gi kºrºk kialak²t§sa 

munkav§llal·k k®pz®se 

teljes²tm®nymenedzsment alkalmaz§sa a folyamatokon 

a fontos stakeholder-k azonos²t§sa ®s bevon§sa 

a folyamatok megfigyel®se ®s kontroll§l§sa 

fejleszt®shez sz¿ks®ges inform§ci· ºsszegyŤjt®se 

A CMMI modell erŖsen folyamatorient§lt mivolta ®s integrat²v jellege elŖt®rbe helyezi a 

szervezeti folyamatok, elŖ²r§sok szoros ºsszefon·d§s§t a projektmenedzsmenttel, ez§ltal elŖseg²tve 

a szervezet §ltal alkalmazott mesters®ges intelligencia eszkºzºk, j· gyakorlatok kiterjeszt®s®t a 

projektekre. Kev®sb® fektet hangs¼lyt ezek azonos²t§s§ra, elemz®s®re ez§ltal a szervezeti 

haszn§laton t¼li lehetŖs®gek rejtve maradnak a projektek elŖtt A projektvezetŖnek kisebb a 

felhatalmaz§sa, kiforrott ®s tervezett folyamatok ok§n, ez®rt kevesebb lehetŖs®g¿k van ºn§ll·an ¼j 

a szervezet sz§m§ra ismeretlen MI alkalmaz§sok implement§l§s§ra. A m·dszertan, a 

projektmenedzsment mŤszaki r®sz®re, a fejleszt®si feladatokra f·kusz§l, a tov§bbi ter¿leteket, 

folyamatokat pedig a szervezetbŖl adopt§lja. 

6.3 ORGANIZATION  PROJECT MANAGEMENT MATURITY MODEL ï OPM3 

A Project Management Istitute c®lja egy Ăj· gyakorlatò forr§s l®trehoz§sa volt, a 

projekt/program/portf·li· menedzsment ter¿let®n, mely szint®n alkalmas a szervezet ezen 

k®pess®geinek standardiz§l§s§ra ®s ®rt®kel®s®re. Az OPM3 is egy §ltal§nos modell, ami bevezethetŖ 

k¿lºnbºzŖ ipar§gakban, m®retekben ®s fºldrajzi helyeken. 

A modell seg²ts®g®vel a felhaszn§l·k k®pesek lesznek meg§llap²tani, melyik j· gyakorlat melyik 

ter¿lethez tartozik, ez§ltal az elm®letet egybŖl gyakorlattal is ºssze tudj§k p§ros²tani, nºvelve a 

bevezet®s hat®konys§g§t. Tºbb sz§z esettanulm§ny §ll rendelkez®sre a szervezeti 

projektmenedzsment ter¿let®n, mely megmutatja melyik speci§lis k®pess®get sz¿ks®ges ®s hogyan 

fejleszteni a kitŤzºtt ®retts®gi szint el®r®s®hez. Tov§bb§ az OPM3 t§mogatja a szervezetet az 

ºn®rt®kel®sben. Ezekre az eredm®nyekre, a szervezet strat®giai prioriz§l§s§ra ®s erŖforr§saira 

alapozva seg²t egy fejleszt®si tervet k®sz²teni. Ez a terv lehetŖv® teszi a sz¿ks®ges 

projektmenedzsment k®pess®gek fejleszt®s®t ez§ltal elŖid®zve egy magasabb ®retts®gi fok el®r®s®t. 

Az OPM3 alap ºsszetevŖi [23]: 

J· gyakorlatok gyŤjtem®nye 

K®pess®gek gyŤjtem®nye  

A megfigyelhetŖ kimenetek  

Kulcs teljes²tm®nymutat·k 

Fejleszt®si terv. 
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Az OPM3 fel®p²t®se [23]: 

Standardiz§l§s: ism®telhetŖ folyamatokat, tev®kenys®geket haszn§l a szervezet. 

M®r®s: a folyamatait, tev®kenys®geit ®s azok hat®konys§g§t tudja m®rni. 

Ir§ny²t§s: a m®r®seket tudja elemezni, ®rt®kelni. Ezekre reag§lni, ez§ltal tudja szab§lyozni a 

kimenetet, vagyis a hat®konys§got. 

Folyamatos fejleszt®s: kialakult az ig®ny a fejlŖd®sre. ĆttevŖdik a hangs¼ly a reakt²v viselked®srŖl 

a proakt²vra, a tapasztalt probl®m§kat, teljes²tm®nyingadoz§st nem megoldani akarj§k, hanem 

megelŖzni, kiiktatni. 

Az ®retts®gi szintek mellett defini§lt h§rom ir§ny²t§si szintet, amelyekbŖl fel®p¿l a szervezeti 

szintŤ projektmenedzsment: projekt, program ®s portf·li·. Ezen ter¿leteket felosztjuk a projekt ºt 

®letciklus§ra: azonos²t§s, tervez®s, kivitelez®s, monitoring ®s ir§ny²t§s, z§r§s. EbbŖl tudjuk 

felrajzolni a szerkezet®t az OPM3-nak. 

Az eml²tett j· gyakorlatok (nyilak) vezetnek v®gig az ®retts®gi szinteken, melyeket a projekt 

®letciklus§ra (karik§k) bontottunk sz®t. A karik§k tartalmazz§k az adott szinthez sz¿ks®ges 

k®pess®geket (karik§kon bel¿li pontok). 

 

3. §bra. OPM3 strukt¼ra (Forr§s: [23]) 

6.4 OPM3 modell ®rt®kel®se 

A PMI modellje, gyakran hivatkozza meg a szervezeti szab§lyz·kat ®s folyamatokat 

§ltal§noss§gban, de nem neves²ti k¿lºn ter¿letk®nt a mesters®ges intelligenci§t, mint ®retts®gi vagy 

projektmenedzsment ter¿letet. Fontos azonban megeml²teni, hogy PMI a leg¼jabb kutat§saiban 

neves²ti az MI-t, mint fontos ®s n®lk¿lºzhetetlen szervezeti k®pess®get. [24] A mŤkºd®shez, erŖs 

m§trix, vagy projektorient§lt szervezetet vesz alapul, ez nagyon erŖs felhatalmaz§st jelent a 

projektmenedzsment sz§m§ra. LehetŖs®get ad azonos²tani olyan fejleszthetŖ ter¿leteket vagy ak§r 
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projekt kock§zatokat, amelyekn®l megold§st jelenthet az MI alkalmaz§sa. Ez az®rt l®nyeges, mert 

van jogos²tv§nya a projekten bel¿l erŖforr§st allok§lni erre. Ez jelenthet szakembert, plusz idŖt 

bizonyos feladatokra, de ak§r anyagi erŖforr§st eszkºzºkre vagy tr®ningre a koll®g§k sz§m§ra. Teh§t 

bizonyos fok¼ szabads§ga van a projektmenedzsmentnek ebben a modellben, term®szetesen a 

megrendelŖi ig®nyt ®s kock§zat ar§nyos r§ford²t§st figyelembe kell venni. Mindezek ellen®re ez 

term®szetesen nem fenntarthat· m·dszer, ha minden projektben egy®nileg sz¿ks®ges bevezetni az 

MI-t, de a modell fel®p²t®s®bŖl ad·d·an kºnnyen beker¿lhet a j· gyakorlatok kºz®, ut§na m§r 

legitim a haszn§lata ®s a folyamatos fejleszt®s jegy®ben pedig az eg®sz szervezeti 

projektmenedzsment §t tudja venni ezeket. 

B§r a jelenlegi m·dszertanok nem neves²tenek ®s dedik§lnak folyamatokat vagy eszkºzºket a 

mesters®ges intelligencia haszn§lat§ra, l§tszik a fejlŖd®si ir§nyokb·l, mint minden ter¿let, a 

digitaliz§ci· hat§s§ra a projektmenedzsment is adatvez®relt lesz ®s ez egyben az MI haszn§lat§t is 

jelenti. Az adatfeldolgoz§sra, dºnt®s elŖk®sz²t®sre, az adatmint§k alapj§n elŖrejelz®sre, fontos riport 

k®sz²t®si ®s adminisztr§ci·s feladatokra, kock§zatok bekºvetkez®s®re ®s ®rt®kel®s®re ®s 

term®szetesen azonnali st§tusz kimutat§sra jelenleg ismert MI alkalmaz§sokat is lehetne haszn§lni. 

A PMI 2019-es kutat§sa szerint a szervezetek vezetŖinek 85%-a prognosztiz§lja az ¿zleti vil§g 

megv§ltoz§s§t az MIiatt ºt ®ven bel¿l. A szervezet defini§lta a PMTQ ït, project management 

technology quotient, magyarul projektmenedzsment technol·gia h§nyadost, mint k®pess®get a jºvŖ 

projektmenedzsmentj®ben. Ez olyan technol·gi§k ismereteit ºsszegzi, mint az MI, vagy a 

kiberbiztons§g [24]. 

7 ¥sszegz®s 

A publik§ci· sor§n megerŖs²t®st nyert bennem a felt®telez®sem, miszerint az IKT szektor 

®rintetts®ge nagyon magas a kibert®rben ez§ltal a kiberhadvisel®sben. Ennek kºszºnhetŖen az 

infokommunik§ci·s szakemberek ide®rtve a projektmenedzserek akt²v r®sztvevŖi lehetnek a 

kiberhadvisel®snek. Jelen dokumentumban csak a kiberv®delemre nyert ez igazol§st, de projekt 

tulajdons§gokat ismerve tekinthet¿nk projektk®nt egy felder²t®s vagy ellentev®kenys®g t²pus¼ 

feladatra. Mivel az is a kibert®r civil r®sz®n ker¿l megval·s²t§sra, ugyanazok a szereplŖk, a 

kºrnyezet ®s az eszkºzºk, akkor a m·dszertan is lehet ugyanaz. Elj§tszva a gondolattal: a 

projektmenedzser szerep®t elemezve egy Cambridge Analytica projektben bizony²tja, hogy ®rdemes 

ezen a ter¿leten tov§bb kutatni. 

Az alkalmazott projektmenedzsment m·dszerek egyºntetŤen nem haszn§lj§k standardiz§lt 

m·don jelenleg az MI-t. Ez®rt nem jelenthetŖ ki, hogy form§lisan az MI hat®konyabb§ teszi, vagy 

b§rmilyen m·don seg²ti a professzion§lis projektm·dszertanokat a kiberhadvisel®sben. A 

projektmenedzsment m·dszertanok fejlesztŖi l§that·an nagy hangs¼lyt fektetnek az MI ir§ny§ba 

tºrt®nŖ elmozdul§sra, illetve k¿lºnbºzŖ projektmenedzsment eszkºzºket ®s szoftvereket gy§rt· 

c®gek jelenleg is alkalmaznak bizonyos feladatokra mesters®ges intelligenci§t. B§r ezen t®nyek 

§rnyalj§k valamelyest a k®pet, ºsszess®g®ben a standardiz§lt MI alkalmaz§sa ®s beilleszt®se a 

form§lis m·dszertanokba m®g gyerekcipŖben j§r. 
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Alum²niumlemezek l®zersugaras v§g§sa 

Laserbeam cutting of aluminium sheets 
1F§bi§n EnikŖ R®ka  

1čbudai Egyetem, B§nki Don§t G®p®sz ®s Biztons§gtudom§nyi Egyetem. Budapest, 

Magyarorsz§g, fabian.reka@bgk.uni-obuda.hu  

¥sszefoglal§s  

ErŖsen reflekt§l· aluminium lemezek l®zersugaras v§g§sa jelentŖs kih²v§s az anyag erŖteljes 

reflexi·ja miatt. CO2 g§zl®zerekn®l az elox§lt fel¿letŤ aluminium lemezek v§g§sa 2500W-on, 

kivitelezhetŖ volt k¿lºnbºzŖ frekvenci§kon, k¿lºnbºzŖ v§g§si sebess®gekkel. A vizsg§latok azt 

mutatt§k hogy a v§g§si fel¿leten nem maradt ºmled®k, 500 Hz frekvencia alkalmaz§sa mellett, 

ha a v§g§si sebess®g 0,8 m/perc volt illetve, ha 1m/perc v§g§si sebess®ghez 10 kHz frekvencia 

tartozott. Legszebb v§g§si fel¿letet 10 kHz frekvencia alkalmaz§s§val ®s 1 m/perc sebess®ggel 

®rt¿k el. 

Kulcs szavak: CO2 l®zer, v§g§si r®s, fel¿leti minŖs®g 

Abstract  

Laser cutting of aluminium alloys is very difficult, due to the high reflection of this material. 

Cutting of aluminium alloy sheet with oxidized surface was fulfilled with CO2 laser at 2500W 

with different frequency, and different speed values. No remanent melt material was observed at 

3 mm thickness sheet after cutting with 0.8 m/min speed at 0.5 kHz frequency and 1 m/ min 

speed at 10 kHz frequencies. Best cutting surface was obtained after cutting with 10 kHz 

frequency and v=1m/min speed. 

Keywords: CO2 laser, kerf, surface quality  

 

1 Bevezet®s  

Napjainkban a l®zer, mint technol·gia m§r szinte n®lk¿lºzhetetlen r®sz®v® v§lt az ®let¿nknek. 

Az anyagmegmunk§l§s ter¿let®n alkalmazott l®zerek nagy elŖnye a tºbbi elj§r§ssal szemben, hogy 

nagyon pontos, gyors megmunk§l§st ®s csek®ly hŖbevitelt biztos²t, azonban minden egyes 

megmunk§l§s egyedi param®terek be§ll²t§s§t ig®nyli. A l®zersug§r alkalmaz§sa legink§bb a f®mes 

anyagok v§g§s§n§l terjedt el. Minden esetben f®m v§g§shoz f·kusz§lt sugarat haszn§lnak, hogy 

annak intenzit§sa kellŖen nagy legyen. 

A v§g§st mindig lyukaszt§ssal kezdj¿k, melynek l®p®sei: a l®zersug§r elnyel®se (abszorpci·), 

hŖvezet®s, megolvaszt§s, elgŖzºlºgtet®s, gŖz ®s olvad®k vissza§raml§sa. Ezek a l®p®sek kis 

lemezvastags§g eset®n (< 2mm) a m§sodperc tºred®ke alatt zajlanak le, nagyobb vastags§gn§l 

ar§nyosan tov§bb tart. Miut§n a lemez §tlyukadt, indul a v§g§s melyn®l a kºvetkezŖ param®terekre 

kell odafigyelni: l®zer teljes²tm®nye ®s teljes²tm®nysŤrŤs®ge, f·kuszt§vols§g, a f·kusz helyzete a 

lemez s²kj§hoz k®pest, Rayleigh-t§vols§g, intenzit§seloszl§s, impulzus vagy folyamatos ¿zemm·d, 

v§g·g§z, f¼v·ka §tm®rŖje, f¼v·ka ®s a lemez t§vols§ga, sug§r polariz§lts§ga ®s a bees®si szºge a 

lemezfel¿letre [1-2]. Az anyag minŖs®g rendk²v¿li m·don befoly§solja a l®zerf®ny elnyelŖd®s®t, a 
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lemezvastags§g pedig a v§g§si sebess®get [3]. A l®zerv§g· c®gek a gyakorlatban gyakran 

tal§lkoznak erŖsen t¿krºzŖdŖ f®mekkel, p®ld§ul alum²niummal. Ezeknek a f®meknek a v§g§sa 

k¿lºnºs odafigyel®st ®s a l®zerv§g· elŖk®sz²t®st ig®nyel. Ugyanis az ilyen f®mek reflexi·s 

tulajdons§gai miatt a gondatlan v§g§s vagy a fel¿let nem megfelelŖ elŖk®sz²t®se a l®zer lencs®j®nek 

s®r¿l®s®t okozhatja. Aluminium alkatr®szek v§g§s§n§l a pol²rozott aluminium reflexi·ja a CO2 

g§zl®zerek 10,6 Õm es hull§mhossz§n nagyon erŖs (~90%), de elox§lt mint§kn§l nagyon j· [4]. Nem 

elox§lt aluminiumn§l viszont az egy nagys§grenddel kisebb hull§mhosszon (ɚ=0,808-0,980 Õm) 

mŤkºdŖ di·dal®zerek jºhetnek sz§m²t§sba, mivel ott az aluminium abszorpci·ja kºzel 30%-ra nŖ  

Alum²niumhoz hasonl·an rossz abszorbci·j¼ ºtvºzetekn®l kimutatt§k, hogy a v§g§si fel¿let 

minŖs®g®t befoly§solja a f·kuszfolt helyzete, illetve a v§g§si sebess®g [5].  

Szint®n irodalmi adatokb·l ismert, hogy a v§gott fel¿let minŖs®g®t, a v§gott lemez gyºkoldal§n 

megjelenŖ szak§llass§got befoly§solja a v§g§si sebess®g ®s a g§znyom§s kºlcsºnhat§sa, hiszen, ha 

a v§g§si sebess®get csºkkentj¿k ®s a nyom§st nºvelj¿k, akkor a v§g§si r®sek k§rosodhatnak ®s a 

v§gand· alkatr®sz geometriai tŤr®se nem lesz megfelelŖ. Ez a jelens®g fŖk®nt a gyºkoldalon 

figyelhetŖ meg, hiszen a v§g§si r®sbŖl kif¼jt salak itt szil§rdul meg [6].  

2 V§g§si param®terek  

A 3 mm vastags§g¼ alum²nium lemez v§g§si k²s®rleteit Trump TLF 5000 turbo t²pus¼ 

anyagmegmunk§l· g®pen v®gezt¿k. A g®p besorol§sa szerint g§z-§t§ramoltat§sos CO2 g§zl®zer. 

Irodalmi adatok alapj§n [7] duralum²nium ºtvºzet CO2 g§zl®zerrel val· v§g§sakor a v§g§si r®s ®s a 

szak§llass§g argon g§z alkalmaz§sa mellett a legkisebb, de megfelelŖ eredm®nyt mutat a nitrog®n 

is. A k®t g§z §r§ban jelentŖs k¿lºnbs®g van a nitrog®n jav§ra [8], ez®rt k²s®rleteinket nirtog®n g§z 

alkalmaz§s§val v®gezt¿k, mivel az ipari hasznos²that·s§got a gazdas§goss§g jelentŖsen 

befoly§solja. A l®zerteljes²tm®ny megv§laszt§sakor tov§bbi irodalomban fellelhetŖ adatokra 

t§maszkodtunk. Riverio ®s t§rsai [9] ¼gy tal§lt§k, hogy 2024 minŖs®gŤ aluminium ºtvºzetbŖl 

k®sz¿lt, 3 mm vastags§g¼ lemez CO2 l®zer-es berendez®ssel val· v§g§skor a v§g§si ®lek fel¿leti 

®rdess®g®ben a legkisebb ®rt®kek, 2500W-os teljes²tm®nyen val· v§g§ssal ®rhetŖk el, ez®rt a 

v§g§sokat 2500W teljes²tm®nyre §ll²tottuk. Az alkalmazott lencse 125 mm, f·kuszt§vols§g a 

lemezfel¿let alatt 2,3 mm-re volt §ll²tva. Ez a f·kuszt§vols§g adta irodalmi adatok alapj§n [10] az 

el®rhetŖ maxinim§lis v§g§si sebess®get T3 hŖkezelts®gŤ, 2024 jelŤ aluminium ºtvºzeten. A 

f·kuszfolt §tm®rŖje 0,1-0,2 mm ®s a munkag§z nyom§sa 15 bar volt. Vizsg§lataink sor§n 

v§ltoztattuk a frekvenci§t ®s a v§g§si sebess®get (1. t§bl§zat). 

1.  t§bl§zat V§g§si param®terek CO2 g§zl®zerrel 

V§g§si sorsz§m 
Nyom§s 

(bar) 

F 

(Hz) 

F·kusz helyzete 

(mm) 

v 

(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 



  F§bi§n EnikŖ R®ka ï (ESB 2021) 

 

117 

 

28 15 500 -2,3 1 

27 15 500 -2,3 1,1 

34 15 500 -2,3 0,8 

3 Vizsg§lati technika ®s m·dszer 

A mint§k ®rt®kel®s®nek ®rdek®ben azokat metallogr§fiai vizsg§latoknak vetett¿k al§. Ez®rt a 

mint§kat a v§g§si v®gektŖl 25 mm-re keresztir§nyban, merŖlegesen a v§g§si r®sekre (2. §bra 

bejelºl®se szerint) illetve a v§g§si r®sek kºzti kºz®pvonalon 0,4 mm vastags§g¼ gy®m§nt 

v§g·t§rcs§val v§gtuk el, majd k®tkomponensŤ hidegbe§gyaz§s ut§n k®sz²tett¿k elŖ metallogr§fiai 

vizsg§latra. 

   

a) A v§g§si r®sek bemeneti oldala b) a v§gott r®sek kimeneti r®sze 

1.  §bra A mint§k metallogr§fiai vizsg§lati hely®nek kijelºl®se  

Vizes csiszol·g®p seg²ts®g®vel elsŖnek durva (P80, P120, P240, P600) majd finom 

szemcsem®retŤ (P1200, P2500) pap²rral s²kba csiszoltuk a mint§k fel¿let®t, majd l®p®sk®nt gy®m§nt 

szuszpenzi·val (3Õm ®s 1Õm) pol²roztuk. A fel¿letet ultrahangos mos·val ®s desztill§lt v²zzel 

tiszt²tottuk meg a rajta marad· abr§zi·s anyagokt·l. ElŖbb a v§gott ®leket pol²rozott §llapot¼ mint§n, 

majd Keller reagenssel maratva vizsg§ltuk, amikor j·l elk¿lºn¿lt a v§g§skor megolvadt, vagy 

hŖkezelŖdºtt anyagmennyis®g az alapanyagt·l. A vizsg§latokat Neophot 2 t²pus¼ 

f®mmikroszk·ppal ®s JEOL gy§rtm§ny¼, JSM 5310 t²pus¼ p§szt§z· elektronmikroszk·ppal 

v®gezt¿k 

4 Vizsg§lati eredm®nyek  

4.1 Fel¿leti vizsg§latok 

Amint azt az 1. §br§n is l§thatjuk, az esetek tºbbs®g®ben 2500W-os teljes²tm®nyen v®gzett 

v§g§sok, a lemez fel¿let alatt 2,3 mm-es f·kuszfolt t§vols§gban nem mindegyik v§g§s volt teljes 

m®rt®kig sikeres. 500Hz frekvencia mellett az 1,1 m/perces v§g§si sebess®g alkalmaz§sakor csak 

r®szlegesen tºrt®nt meg a v§g§s, helyenk®nt a megolvadt f®m a bemeneti oldalon vissza§ramlott. 

1 m/perc sebess®g alkalmaz§sakor §thatolt a v§g§s m®g 500 Hz frekvencia mellett, de a kimeneti 

oldaln§l a fel¿let szak§llas, m²g 0,8 m/perces sebess®g mellett sz®p a fel¿leteken tapasztalt v§g§s. A 

frekvencia emel®s®vel 1 m/ perces sebess®g mellett a v§g§sok §tmenŖk voltak. A lemez minŖs®g®t 

p§szt§z· elektronmikroszk·ppal vizsg§lva l§that·, hogy a v§gott lemez gyeng®n ºtvºzºtt Al-Mg 

ºtvºzet, viszont a lemez fel¿lete ®rdes, ®s vegyi kezel®sen esett §t, ennek kºvetkezt®ben a fel¿let 

vegyi ºsszet®tele elt®r az alapanyag®t·l (2. §bra). Ez az ®rdes, oxidos fel¿let lehet az oka, hogy a 
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lemez fel¿let®n j·l abszorbe§l·dott a l®zersug§r [4]. 

  

a) elox§lt fel¿let b) v§g§si r®s 

  

c) elox§lt fel¿let EDS spektruma d) v§gott ®ln§l felvett pontszerŤ elemz®s 

2. §bra P§szt§z· elektronmikroszk·pos vizsg§latok eredm®nyei  

A v§g§sok sikeres/vagy sikertelen volt§t a keresztir§ny¼ csiszolatok f®mmikroszk·pos 

vizsg§lati eredm®nyei sokkal jobban tudj§k szeml®ltetni, mint a fel¿leti vizsg§latok.  

4.2 F®mmikroszk·pos vizsg§lati eredm®nyek 

 
a) b) 

 
c) 

 
d) 

 
e) 

 
f) 

 
g) 

 
h) 

3. §bra A v§g§si r®sek megjelen®se a lemez keresztmetszet®ben. Neredeti=32x pol²rozott §llapot  
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 d) f=1  kHz, v=1 m/perc e) f=2 

kHz, v=1 m/perc f) f=3 kHz, v=1 m/perc g) f=5 kHz, v=1 m/perc h) f=10 kHz, v=1 m/perc   

A pol²rozott §llapot¼ keresztir§ny¼ csiszolatokon l§thatjuk a kialakult r®s m®reteket (3. §bra). 
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M²g a l®zersug§r bemeneti oldal§n a fel¿leti r®skiny²l§s a sikeres v§g§sokn§l jelentŖsen nem t®r el 

egym§st·l, az 1 m/perc v§g§si sebess®g alkalmaz§sakor a frekvencia m·dos²t§sa az §tlagos 

r®sm®retben maximumos jelleget mutat. Ahogy azt a 3. §br§n l§thatjuk, legnagyobb r®s a teljes 

keresztmetszetben 3 kHz ®s 1 m/perces v§g§si sebess®gn®l, illetve 0,5 kHz frekvencia ®s 

0,8 m/perces v§g§si sebess®gn®l tapasztalhat·. 

Annak meg§llap²t§sa ®rdek®ben, hogy a v§gott fel¿leten mennyi a megolvadt ®s fel¿leten maradt 

f®m a mint§kat maratott §llapotban is vizsg§ltuk. A bemeneti oldal r®szleteit a 4. §bra, m²g a v§g§si 

r®s kimeneti oldal§t az 5. §bra szeml®lteti 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

 
g) 

 
h) 

4. §bra A v§g§si r®sek megjelen®se a bemeneti oldalon. Neredeti=100x Maratott §llapot, 

mar·szer: Keller reagens  
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 d) f=1  kHz, v=1 m/perc e) f=2 

kHz, v=1 m/perc f) f=3 kHz, v=1 m/perc g) f=5 kHz, v=1 m/perc h) f=10 kHz, v=1 m/perc   

a) 
 

b) 
 

c) 
 

d) 

 
e) 

 
f) 

 
g) 

 
h) 

5. §bra A v§g§si r®sek megjelen®se a kimeneti oldalon maratott §llapotban. 

Mar·szer: Keller reagens. Neredeti=100x 
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 d) f=1  kHz, v=1 m/perc e) f=2 

kHz, v=1 m/perc f) f=3 kHz, v=1 m/perc g) f=5 kHz, v=1 m/perc h) f=10 kHz, v=1 m/perc   

Ahogy azt a 3.- 5. §br§kon is l§thatjuk az alkalamazott 2500 W-os teljes²tm®nyn®l a 3 mm-es 
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lemezn®l csak 1 m/ perces ®s enn®l kisebb halad§si sebess®gekn®l siker¿lt teljesen §tmenŖ v§g§si 

r®seket kialak²tani. A 4. §bra tanus§ga szerint a teljesen §tmenŖ v§g§si r®sekn®l, a l®zersug§r ®s 

munkag§z behatol§sa felŖli, un. bemeneti oldaln§l a l®zersug§r §ltal megolvasztott ºmled®ket a 

15 bar nyom§s¼ munkag§z tov§bb vitte, nem maradt a fel¿leten. Viszont a kil®pŖ oldalon (5. §bra) 

csak n®h§ny esetben nem tapasztalhat· megdermedt ºmled®k a v§g§si fel¿leten. 0,5 kHz-en val· 

v§g§skor csak 0,8 m/perces elŖtol§si sebess®g mellett nem k®pzŖdºtt olvad®k cseppek alkotta 

szak§llass§g. 1 m/ perces elŖtol§si sebess®g alkalmaz§sakor csak 5kHz ®s 10kHz alkalmaz§sa 

mellett nem alakult ki szak§llass§g, de 5 kHz-es frekvencia mellett a v§gott fel¿leten tºbb marad®k 

ºmled®ket tapasztaltunk, mint 10 kHz alkalamaz§sakor.  

5 Kºvetkeztet®s 

3 mm vastags§g¼, elox§lt fel¿letŤ, aluminium lemezek l®zersugaras v§g§sa kivitelezhetŖ volt 

1 m/perces, illetve enn®l kisebb v§g§si sebes®gekkel k¿lºmbºzŖ frekvenci§kon. A vizsg§latok azt 

mutatt§k, hogy a v§g§si fel¿leten nem maradt ºmled®k, ha az alkalmazott v§g§si sebess®g 

0,8 m/ perc ®s 0,5 kHz volt, illetve, ha 1 m/perc v§g§si sebess®ghez 10kHz frekvencia tartozott. 

Legszebb v§g§si fel¿letet 10kH frekvencia alkalmaz§s§val ®s 1m/perc sebess®ggel lehet el®rni. 
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¥sszefoglal§s 

Nyom§sos ºnt®ssel k®sz¿lt alum²nium alkatr®szek g§ztºmºrs®ge nagym®rt®kben f¿gg az 

alkalmazott technol·gi§t·l, berendez®stŖl, a szersz§mf¿ggŖ param®terektŖl, befoly§solja az 

alum²nium ºtvºzet ºsszet®tele, az olvad®kminŖs®g, a gy§rtm§ny geometriai kialak²t§sa, a 

krist§lyosod§si kºr¿lm®nyek, ®s tov§bbi sz§mos t®nyezŖ. A g§ztºmºrs®g el®r®se ®rdek®ben 

alkalmazott speci§lis nyom§sos ºnt®si technol·gi§k (pl. HPDC, vacuum assisted HPDC) 

alkalmaz§sa mellett is a gy§rtm§ny 0,5-3 %-os m®rt®kben ¿regrendszereket tartalmazhat. 

A g§ztºmºrs®g el®rhetŖ ut·lagos v§kuum impregn§l§ssal, melynek sor§n az ºntv®nyek fel¿leti, 

illetve fel¿letre kifut· porozit§sai lez§rhat·v§ v§lnak. Az elj§r§s elsŖsorban a megfelelŖen kicsi 

p·rusm®rettel b²r· ¿regek eset®ben hat§sos technol·gia.  

Kulcsszavak: nyom§sos alum²nium ºntv®ny, g§ztºmºrs®g, impregn§l§s 

Abstract 

The gas tightness of die-cast 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 product, the solidification conditions, and many other factors. Even with the use 

of special pressure casting technologies (e.g. HPDC, vacuum assisted HPDC) to achieve gas 

tightness, in extent of 0.5-3% of volume the product may contain cavities. Gas tightness can be 

achieved by post-vacuum impregnation, during which the surface porosities of the castings can 

be sealed. The process is an effective technology, especially for cavities with a sufficiently small 

pore size. 

Keywords: die-cast aluminum castings, gas tightness, impregnation 

 

1 Bevezet®s  

A nagysz§m¼ szakirodalmi adatok azt igazolj§k, hogy az ºnt®si folyamat szinte elker¿lhetetlen 

velej§r·ja a sz²v·d§si ¿regek, p·rusok (bez§rt levegŖ vagy ºnt®si g§zok eredm®nyek®nt), a 

lev§laszt· anyag hŖre tºrt®nŖ boml§s§b·l sz§rmaz· maradv§nyok, oxidbez§r·d§sok, reped®sek, 

egy®b folytonoss§gi hi§nyok ®s inhomogenit§sok jelenl®te. Az ºntv®nyek minŖs®g®nek egyik fontos 

jellemzŖje porozit§s, a g§ztºmºrs®g m®rt®ke. 

A nyom§sos ºnt®ssel k®sz¿lt alum²nium ºtvºzeteket sz®les kºrben alkalmazz§k nyom§s alatt 

mŤkºdŖ berendez®sekben, a kompresszortechnik§ban, kis sŤrŤs®ge, valamint kedvezŖ ºnt®szeti 
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tulajdons§gai miatt. A nyom§sos ºntv®nyt a m®retek nagy pontoss§ga, tiszta fel¿letek jellemzik, 

v®kony falvastags§g, elŖnyºs mechanikai jellemzŖk, ®s g§ztºmºrs®g mellett. Alkalmaz§sa sor§n az 

ºntv®ny k¿lsŖ, gyorsan dermedŖ fel¿lete tºbbs®g®ben porozit§smentes, de a belsej®ben tºbbf®le 

okb·l ®s v§ltozatos eloszl§sban por·zus r®szek alakulhatnak ki. 

Jelen tanulm§ny keretein bel¿l §ttekint®sre ker¿l egy nyom§sos ºnt®ssel k®sz¿lt alum²nium 

g®pj§rmŤ kompresszorh§z g§ztºmºrs®g®t befoly§sol· ¿regek ®s p·rusok kialakul§sa, illetve a 

g§ztºmºrs®g el®r®se ®rdek®ben a megmunk§l§st kºvetŖen alkalmazott v§kuum impregn§l§s. 

2 JellemzŖ ºntv®nyhib§k a nyom§sos alum²nium ºntv®nyekben 

Az elŖad§s egy nyom§sos ºnt®ssel, g§ztºmºrs®gi elv§r§ssal k®sz¿lt alum²nium g®pj§rmŤ 

kompresszorh§z vizsg§lata sor§n felt§rt folytonoss§gi hib§k kialakul§s§t, ®s jelleg®t mutatja be ®s 

kit®r a fel¿letre kifut· elt®r®sek v§kuum impregn§l§ssal tºrt®nŖ kezel®s®re. 

A g®pj§rmŤvekben alkalmazott kompresszorok nagy nyom§s alatt mŤkºdŖ alum²nium 

ºntv®nyh§za sziv§rg§s, ®s nyom§sveszt®s n®lk¿l kell, hogy mŤkºdjºn. A fokozott g§ztºmºrs®g 

el®r®se ezen ºtvºzetekn®l neh®zs®get jelenthet, mivel a dermed®st jelentŖs t®rfogatcsºkken®s k²s®ri 

az olvad®k- ®s a szil§rd f§zis kºzºtti sŤrŤs®gk¿lºnbs®g miatt, kºzel 7 %-os zsugorod§s alakul ki, 

illetve az olvad®kfel¿let oxid§ci·ja az ºnt®si mŤvelet sor§n r®szlegesen megtºrt®nhet, ®s az ²gy 

beker¿lŖ alum²nium-oxid is okozhat folytonoss§gi hib§kat. A sziv§rg§smentess®get akad§lyozza az 

a jelens®g is, miszerint az olvad®kb·l dermed®s kºzben oldott g§zok - elsŖsorban hidrog®n ï 

szabadulhatnak fel. 

A vizsg§latokat egy tºmeggy§rt§sban k®sz¿lt, eutektikus ºsszet®telŤ Al-Si nyom§sosan ºntºtt 

alkatr®szen v®gezt¿k, melyet az 1. §bra szeml®ltet. 

  

1. §bra A vizsg§latba bevont alum²nium kompresszor ºntv®ny fedele 

A kompresszor ºntv®ny fedel®t tºmeggy§rt§s sor§n megmunk§lj§k, a csatlakoz· fel¿letek, 

menetes furatok forg§csol· megmunk§l§ssal, illetve k®pl®keny alak²t§ssal ker¿lnek kialak²t§sra. 

Ekkor az ºnt®s sor§n k®pzŖdºtt ¿regrendszer alakja nem v§ltozik, de bizonyos elemei a felsz²nre 

ker¿lhetnek, nyitott ¿regeket k®pezhet, melyet a 2. §bra mutat (fenti k®t k®p), m²g az als· feltehetŖen 

egy zsugorod§si ¿reg nyomait rºgz²ti ugyancsak az ºntv®ny megmunk§lt fel¿let®n.  
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2. §bra ¦regek a kompresszor ºntv®ny fed®l megmunk§lt fel¿let®n 

A 3. §bra felv®telei egy pol²rozott, maratott csiszolatr·l Neophot-2 optikai mikroszk·ppal k®sz¿ltek. 

  

3. §bra Maratott csiszolat szºvetszerkezete ®s ¿regrendszere (bal oldali k®p), reped®s jellegŤ 
hib§ja (jobb oldali k®p) 

 

 


