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INVESTIGATION OF NON-ISOTHERMAL CRYSTALLIZATION KINETICS OF 

MELAMINE-BASED FLAME RETARDANT PLA 

 

ÁDÁM Balázs  

Polymer Technology Research Group, Department of Innovative Vehicles and Materials, GAMF Faculty of 

Engineering and Computer Science,  John von Neumann University, Hungary 

E-mail: adam.balazs@gamf.uni-neumann.hu  

 

Keywords: environmental pollution, PLA, DSC, nucleation, crystallization 

 

Environmental pollution is one of the most serious problems that humanity has to face today. More studies and 

publications say that less than a hundred companies have been causing the greatest destruction to the environment for a 

little more than a century. These include large oil companies and large food manufacturing companies that package 

their products in plastic. [1] The sorting and recycling of selectively collected plastic waste could be solved, the main 

problem is the lack of proper collection, so a lot of otherwise recyclable plastic ends up in landfills. [2] One of the 

possible solutions to reduce the amount of waste is to make plastics degradable or to use biodegradable polymers. One 

of the most intensively researched biopolymers is PLA (Poly-Lactic Acid). PLA can be produced from natural materials 

and is a biodegradable polymer under industrial conditions, by composting. PLA is a thermoplastic, semi-crystalline 

polyester with good mechanical properties (tensile strength of 60 MPa, elastic modulus of 3 GPa). [3] One of 

disadvantages of PLA is it catch fire easily, so for safety reasons it is worth, or even necessary, to be provided with a 

flame retardant additive. Another disadvantages of PLA is its crystallization is slow, so with the usual processing 

technologies and technological settings, it is difficult to achieve the appropriate degree of crystallinity when using pure 

material. There are overlaps between flame retardant and nucleating additives, such as montmorillonite (MMT), which 

is a commonly used nucleating material, but is also used as a flame retardant. [4] In this paper, the effect of the amount 

of halogen-free flame retardant on the crystallization of PLA was investigated by DSC under non-isothermal conditions.  

Naturework Ingeo 7032D was chosen as the matrix material, which is a PLA used for bottle blowing, so it can be 

suitable to replace the traditional PET bottle. The halogen-free flame retardant is the melamine-based Melapur MC25, 

which was developed by CIBA mainly for polyamides and thermoplastic polyurethanes. We received the flame 

retardant additive in granule form from the staff of the Department of Polymer Engineering at the University of 

Miskolc, who tested its flame retardant ability when mixed with PET. [5] On the samples received from them we 

examined the effect of Melapur on the crystallization of PET in anisothermic and isothermal conditions and found that 

Melapur behaves as a nucleating agent. [6, 7] Based on these, we chose Melapur as a flame retardant, but also as a 

possible nucleating agent, to be mixed with PLA. 

The blends were prepared by Brabender Plastograph and IDMX mixer. The blends contained 1, 4 and 8 weight% 

Melapur MC25. Before extrusion, PLA was drying at 60°C and 4 hours long. The temperatures of the feeding 

Brabender extruder were 190, 200, 210, 220°C (from the hopper to the die) and the rate of the extruder was 40 rpm. The 

temperature of the mixer was 210°C, and the rate of the mixer was 12.5 rpm. 

The preparing of the blends were done in the Laboratory of Polymer Technology Research Group, Department of 

Innovative Vehicles and Materials, at John von Neumann University. 

DSC (Differential Scanning Calorimetry) tests were performed on the blends by TA Q200 instrument. The blends were 

subjected to a non-isothermal analysis at cooling rates of 2.5, 5, and 10°C/min. The temperature range was between 

30°C and 200°C. After each cooling, the heating rate was 20°C/min. The tests were performed under a nitrogen 

atmosphere. The weight of the samples were about 5 mg. The DSC measurements were analyzed with the TA Universal 

Analysis software. The measurements were done in the accredited Material Testing and Measurement Techniques 

Laboratory at John von Neumann University. 

During crystallization, an exothermic peak can be seen on the DSC curve. The area under the curve is the enthalpy 

change of crystallization, or in other words the heat of crystallization (its symbol ΔHc - unit of measure J/g), from which 

we can deduce the amount of the crystallized material. Tic is the initial temperature of crystallization, and Tfc is the final 

temperature of crystallization, but their exact values are difficult to determine, so extrapolated values are used instead. 

Teic is the extrapolated initial temperature of crystallization, while Tefc is the extrapolated final temperature of 

crystallization. The maximum rate of crystallization is indicated by the peak crystallization temperature, Tpc. [8] When 

testing the effectiveness of nucleating agent, the change in the initial temperature of crystallization is monitored. Since 

crystallization can start sooner, it shifts towards higher temperatures. [9, 10]. 

It can be observed that by increasing the cooling rate, the peak temperatures of crystallization shift to lower and lower 

values, and the interval of crystallization also widens. Due to the ever-faster cooling rate, the material has less and less 

time for crystallization, so the amount of the crystalline fraction decreases. 

By increasing the amount of Melapur, the peak crystallization temperatures shift towards higher and higher values, and 

this happens regardless of the magnitude of the cooling rate, because it occurs in all cases. 
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Figure 1 Peak temperatures (Tpc) and enthalpy changes (ΔHc) of crystallization 

While in the case of the extrapolated initial temperatures the effect of Melapur was clear only at the slowest speed of 

2.5°C/min, in the case of the peak temperatures of crystallization the change is already clearly visible. Increasing the 

Melapur content increases the peak temperature at all cooling rates. 

In addition to the temperatures, the enthalpy change of crystallization also provides valuable information about the 

change in the amount of the crystalline fraction. From the measured values, we can see that by increasing the amount of 

Melapur, we get higher and higher J/g values, that is, the amount of the crystalline fraction also increases. However, the 

effect of the cooling rate is also significant. If 1% Melapur was mixed with PLA, but the cooling rate is faster, 5 or 

10°C/min, it cannot be achieved as much crystalline fraction as if we cooled the pure material at a slower rate at 

2.5°C/min. Of course, it should be noted here that the cooling rates of the processing technologies exceed the cooling 

rates used in the research, however, in order to detect the nucleation effect, it was essential to use the slowest possible 

rates. 

Summarizing the results, it can be said that during  the measurements, the effect of the cooling rate and the amount of 

halogen-free flame retardant mixed with the PLA base material on the crystallization of PLA were investigated at the 

same time. 

As a result of increasing the cooling rate, the temperatures of crystallization and the heats of crystallization decreased in 

all cases. As a result of rapid cooling, there is not enough time for the formation of crystalline phases, so their quantity 

decreases. 

Increasing the amount of flame retardant is just the opposite, we have seen an increase in crystallization temperatures 

and heats of crystallization. The increase in the initial temperature of crystallization is usually a characteristic effect of 

nucleating agent, which we were able to detect with DSC analysis, but it is also worth checking with additional 

measurements, for example X-ray diffraction or some kind of microscopic tests. It is also worth continuing the DSC 

studies with isothermal crystallization kinetics. 
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DESIGN OF PATIENT SPECIFIC FEMORAL STEM USING LATTICE STRUCTURES 

 
1,2ALKENTAR Rashwan, 2MANKOVITS Tamás 
1Doctoral School of Informatics, University of Debrecen, Hungary 

E-mail: rashwan.alkentar@eng.unideb.hu  
2Department of Mechanical Engineering, Faculty of Engineering, University of Debrecen, Hungary 

E-mail: tamas.mankovits@eng.unideb.hu  

 

Keywords: Unit cells, finite element method, lattice structures. 

 

Nowadays, much research is dedicated to the improvement of the biomedical implants. The most researched area is 

related to the design and structure of the implant in order to have the best biomechanical properties. Consequently, the 

deficiencies are reduced and the life span of the implant is increased. Many types of lattice structures are applied to the 

body of the hip implant. The aim of this research is to investigate the effect of each type of the unit cells on the 

biomechanical properties of the total prosthesis. Three types of unit cells were investigated in a previous study [1], and 

each type’s Young’s modulus was calculated to match the unit cell type with the close-in-strength bone of the human 

body. The investigation comprised finite element analysis on the specimens and validation of the results using the 

laboratorial compression test. In this research, Samples of the total hip implant will be 3D printed to be tested on 

compression in the lab. The same types of unit cells will be applied to the hip implant design.. However, the design 

parameters of the unit cells are to be optimized to get the best values that creates a lattice-structured body which is most 

suitable to the osseointegration.  The three applied types of unit cells are 3D lattice infill, Double pyramid lattice and 

face diagonals and the Octahedral lattice two. Figure 1 shows the three types of unit cells applied to a part of the hip 

implant in comparison to the original design. The geometry of each unit cell is also shown. ANSYS software 

(Canonsburg, PA, USA) with 2021 R2 version is used to design the implants and simulate the compression test. 

 

 
Figure 1 Hip implant designs and the application of unit cells: a) bulk hip implant design, b) 3D lattice infill, c) Double 

pyramid lattice and face diagonals, d) Octahedral lattice 2 

After optimizing the parameters of the unit cells to be applied on the design of the hip implants with the help of the 

Support-Vector-Regression (SVR) method, EOS M 290 (electro optical systems, Germany) 3D-printing machine will 

be used to manufacture the implants to be tested. INSTRON 8801 Servo-hydraulic Fatigue testing machine (USA) will 

be used to conduct the laboratory compression test with a compression rate of 1mm/min and a maximum force of 2300 

N. Finite element analysis is to be performed on the implants to make a comparison with the lab results. Mesh 

convergence analysis will be performed to reach the best most optimized results. Figure 2 shows the loading and 

boundary conditions to be applied on the implant according to the ISO 7206-4:2010 standard [2].  
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Figure 2 Loading and boundary condition on the hip implant 

Based on its good biomechanical properties (low density, high strength, and high corrosion resistance), the titanium 

alloy Ti6Al4V grade 23 was used as the main material for the printed samples. Ti6Al4V can also reduce the contact 

pressure between the human bone and the implant surface [3]. Table 1 shows the chemical composition of the alloy 

used.  

Table 1. Chemical composition of Ti64 Powder [4] 

Element Al V O N C H Fe Y 

Other 

elements 

each 

Other 

element 

total 

Chemical composition 

percentage % 

5.50 

- 

6.50 

3.50 

- 

4.50 

0.13 0.05 0.08 0.012 0.25 0.005 0.1 0.4 

 

The main mechanical properties of the material used were determined by the authors to guarantee the usage of the 

practical values. The calculated properties are listed in Table 2.  

 

Table 2 Material properties used in the FEM 

Property Value Unit 

Elastic modulus 106247 MPa 

Mass Density 4.4 g/cm3 

Poisson’s ratio 0.34 - 

 

The research seeks finding the optimized parameters of the unit cells and the generation of a patient-specific hip implant 

design with good biomechanical properties. The designed hip implants will be tested numerically and in the laboratory 

in order to validate the performance of the implants under the real loads. 

 

REFERENCES 

 

[1] R. Alkentar, M. File, and T. Mankovits, “Investigation of the Performance of Ti6Al4V Lattice Structures Designed 

for Biomedical Implants Using the Finite Element Method,” Materials (Basel)., vol. 15, no. 18, pp. 1–14, 2022, 

doi: 10.3390/ma15186335. 

[2] Y. E. Delikanli and M. C. Kayacan, “Design, manufacture, and fatigue analysis of lightweight hip implants,” J. 

Appl. Biomater. Funct. Mater., vol. 17, no. 2, p. 2280800019836830, Apr. 2019, doi: 10.1177/2280800019836830. 

[3] J. Jamari, M. I. Ammarullah, G. Santoso, S. Sugiharto, T. Supriyono, and E. van der Heide, “In Silico Contact 

Pressure of Metal-on-Metal Total Hip Implant with Different Materials Subjected to Gait Loading,” Metals , vol. 

12, no. 8. 2022, doi: 10.3390/met12081241. 

[4] EOS GmbH, “EOS Titanium Ti64 - Material data sheet,” 2017, [Online]. Available: 

https://www.eos.info/material-m. 

 

 

 



INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 

10-11 November 2022, Debrecen, Hungary 
____________________________________________________________________________________________ 

__________________________________________________________________________________ 
13 

 
THE EFFECT OF TEMPERATURE ON THE HOT COMPRESSION TEST OF ALSI7 ALUMINUM ALLOY 

 

ALSALAMAH Bassel, KUZSELLA László 

Mechanical Technology Institute Department, Institute of Material Structure and Materials Technology, University of 

Miskolc, Hungary 

E-mail: metbasel@uni-miskolc.hu , kuzsella@uni-miskolc.hu  

 

Keywords: Physical Simulation, Aluminum Alloy, GLEEBLE 3500, Forming Rates 

 

The aim is to perform physical simulation tests to investigate the formability of aluminum alloys. This paper presents 

the process and results of these tests, from a detailed description of the equipment used to the shape of the test specimen 

that emerges from the device and is deformed by stress. One of the study's primary subjects is the influence of the 

sample orientation of the specimen on the final result under the same forming conditions. After the test, the specimen's 

shape was not circular, as was expected. It was more like an ellipsoid. Therefore, we started to observe the effect of the 

orientation of the machining. From this aspect, three kinds of directions can be distinguished. One is the same as a 

rolling direction, the other is perpendicular to the rolling direction in the same plane, and the third is the normal 

direction. As it was found, the samples machined in the normal direction were the only circular shaped. Five 

temperatures and four forming rates were studied. The temperatures and the forming rate were chosen concerning the 

hot rolling technology of this alloy. Therefore, the temperatures were 350, 400, 450, 500, and 550°C. The forming rates 

were 0.001, 0.01, 0.1 and 1 s-1 .This publication details the effect of the temperature in the case of different forming 

rates. The device with which the research can be carried out is the GLEEBLE 3500, At the University of Miskolc, 

Institute of Materials Science and Technologies exists the GLEEBLE 3500 which is a fully integrated, digitally 

controlled thermomechanical testing scheme with Windows-based software computer support that allows extensive 

thermo-mechanical simulation and testing.  

 

 

 
Figure 1 GLEEBLE 3500 thermo-mechanical simulator and the testing space 

The GLEEBLE can be divided into three main units: mechanical, thermal unit and digital control system. When a 

simulation or a scan takes place, the results are automatically inserted into the Origin software, which is a part of a 

compelling and flexible data analysis platform that comes with GLEEBLE 3500. Origin offers numerous built-in math 

functions for data analysis and includes the LabTalk coding language that can be used to evaluate and process 

comparative, comprehensive simulations, and test data. 
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Figure 2 The presentation of the compression test with the phenomenon of barrelling in the middle 
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INTRODUCTION 

Packaging has nowadays become a critical part of the food product. Solvent residues in gravure printed cartonboard 

packaging can alter the taste and flavour of packaged products. In order to avoid off-taste and off-flavour effects, 

solvent retention values have to be measured and kept as low as possible. This study is part of a series of research 

studies where important to investigate the cartonboard manufacturing factors related to the solvent retention of 

cellulose-based folding boxboard (FBB) type packaging materials for the food industry, produced by gravure printing. 

In this study, the influence of surface sizing on solvent (ethanol and ethyl acetate) retention and release of gravure 

printed fibre-based packaging was evaluated. 

 

LITERATURE REVIEW 

The chemical substances can potentially migrate from packaging substrates (such as paper, cardboard, or plastics) to 

food products. Where the contamination does occur, it usually results from inks and solvents with the paperboard was 

printed or chemicals in coatings or adhesives [1]. Prints are almost always applied to the outer surface of a food 

packaging and are not intended to come into direct contact with food. However, low molecular weight substances in ink 

easily migrate (permeate) through the packaging material into the food. Only a few packaging materials, such as glass 

and aluminium foil, prevent all the substances in the ink from migrating. Fibrous materials and most plastics are not 

barriers to migrants. Solvents in particular can easily pass through packages made of paper, cardboard or plastic.[2]. 

Solvent-based gravure and flexo inks used in packaging always retain some amounts of solvents in the final package. 

Excess solvent retention might cause the package to have an odour and can spoil the taste of food products [3]. 

During the gravure printing process of polymer materials, the inks and adhesive formulations used are diluted or 

dissolved in organic solvents that are later removed through evaporation as the printed films are passed through dryers. 

Printing solvents that are retained on the packaging films after the drying process at significant residual levels is called 

solvent retention. The solvents used in printing consist of alcohols, hydrocarbons, glycol ethers, ketones, and esters [4]. 

Regularly used solvents, such as ethanol and ethyl acetate are considered as volatile organic compounds (VOCs)  and 

can be detected by gas chromatography (GC) method.[5].  

FBB type cartonboard is a cellulose-based packaging material used for many packaging and non-packaging solutions 

worldwide in the grammage range of 160-450 g/m2. Folding boxboard is a multiply cartonboard, typically made of 

three pulp plies: top ply – chemical pulp; middle ply – mechanical pulp or CTMP (chemi-thermo-mechanical pulp); 

back ply – chemical pulp. Depending on the end-use requirements, top side of FBB can be single, double or triple 

coated, while back side can be single coated or uncoated. In the papermaking process, the first step is to produce the 

cellulose fibres from wood to make the pulp where individual fibres are separated either mechanically or chemically. 

Papermaking process steps: headbox, wire section, press section, dryer section, surface sizing, coating section, 

calendering.[6][7][8]. 

Sizing is a process, which is mainly used for improving the strength properties of paperboard, but many other paper 

properties can also be improved like reduced dusting, desired absorption properties, reduced porosity, reduced 

dimensional variation, smoothness. There are two different types of sizing: internal sizing and surface sizing. Surface 

sizing is commonly used for fine papers, coated base papers and paperboards, and also for reducing penetration of the 

aqueous solutions to the finished product. Starch is the most common material used in the surface sizing.[8][9]. 

 

EXPERIMENTAL 

FBB type cartonboard samples produced with surface sizing (Board B-MC6.9TC3) and without surface sizing (Board 

H-SS0), then printed by gravure. The production profiles of both test materials were the same, differing only in the 

surface sizing. The retained solvent amount was measured by GC method at three interval times: right after, 1 day and 7 

days after printing. Solvent retention ratio was than normalised in order to see the solvent emission characteristic. 

Ethanol retention ratio 

Ethanol retention of test board samples with and without surface sizing were investigated. Figure 1 clearly shows, that 

in case of test material had no surface sizing applied on board surface, 6% more ethanol could evaporate in 1 day than 

from cardboard with surface sizing, so the starch layer did not obstruct the ethanol emission. By day 7, the ethanol 

emission accelerated for both test cartons, more than four-fifths of the remaining ethanol had evaporated from both 

samples, at this stage minor deviation was detectable between the analysed test boards.  
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Two process phases of ethanol emission were observed: the first, one-day long quick phase, when the ethanol emission 

was intensive and exponential; the second, 6-day long slow phase, which might also be a diffusion controlled process 

when ethanol left the cardboard linearly.  
Ethyl acetate retention ratio  

The effect of surface sizing on ethyl acetate retention of two test boards was examined. Based on the results that can be 

seen on Figure 2, 1 day and also 7 days after printing, Board H-SS0 without surface sizing had less retained ethyl 

acetate compared to Board B-MC6.9TC3 with surface sizing. The application of starch layer during surface sizing 

inhibited also the evaporation of ethyl acetate, same as in the case of ethanol. Notable, that two evaporation process 

phases - slow/exponential and fast/linear - could also be observed, however, it was also found that the second, diffusion 

controlled process was slowed down and the result correlated with the slower evaporation rate of ethyl acetate. 

 

  
Figure 1 Normalised ethanol retention ratio of cardboard 

with surface sizing (Board B-MC6.9TC3) and without 

surface sizing (Board H-SS0), measured at different 

interval times 

Figure 2 Normalised ethyl acetate retention ratio of 

cardboard with surface sizing (Board B-MC6.9TC3) and 

without surface sizing (Board H-SS0), measured at 

different interval times 

 

CONCLUSIONS 

The aim of this study was to evaluate the role and influence of surface sizing on solvent (ethanol and ethyl acetate) 

retention and emission of gravure printed fibre based packaging materials. FBB type cartonboard samples with and 

without surface sizing layers were investigated. Samples were printed by gravure then solvent retention was measured 

by gas chromatography at 3 different interval times. The results were then normalised in order to see the solvent 

emission characteristic. It was found that cartonboard sample without surface sizing had lower ethanol and ethyl acetate 

retention and higher emission, the applied starch layer might obstruct the solvent evaporation. It could also be noted that 

two process phases of solvent emission were observed: the first, one-day long quick phase, when the solvent emission 

was intensive and exponential; the second, 6-day long slow phase, which might be a diffusion controlled process when 

the solvent left the cardboard linearly. It can be concluded that surface sizing has an impact on the solvent retention of 

FBB type gravure printed cartonboard packaging.  
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Dehydration is one of the oldest techniques for extending food shelf life. The food industry faces a constant challenge to 

meet rapidly changing consumer tastes and the demand for healthier foods with a longer shelf life, free from traditional 

chemical preservatives [1]. Raw sweet potatoes have a relatively high water content and are very susceptible to 

microbial spoilage and enzymatic browning, so dehydration and proper storage are essential [2]. The color as physical 

characteristic is an important quality factors of dehydrated foods, as it affects consumer acceptability [3]. Modifications 

in mechanical characteristics are related to the textural attributes of the food. Hence, it is important to determine the 

texture of the dried products [4]. Rehydration is the process of wetting dry material. If drying does not cause any 

damage to the material, rehydration can be treated as a process that can be reversed by dehydration [5]. 

The aim of the research is to determine the effect of shelf life on the physical and mechanical properties of the product. 

In addition, to find out which of the different drying solutions gives the least variation in color, texture and rehydration. 

 

MATERIAL AND METHODS 

The sweet potato material (Ipomoea batatas L.) was dried by various drying methods, i.e., lyophilization (FD), vacuum 

pre-drying and freeze post-drying (VD-FD), mid-infrared freeze-drying (MIR-FD) and hot-air pre-drying and freeze 

post-drying (HAD-FD). The following parameters were used for drying: FD (T=-25 - 20°C, p=50-80 Pa, dt=23 h), VD-

FD (pre-drying: T=60°C, p=7 kPa, dt=3 h; post-drying: T=-25 - 20°C, p=50-80 Pa, dt=12 h), MIR-FD (pre-drying: 

T=60°C, p= 1 bar, dt=5 min; post-drying: T=-25 - 20°C, p=50-80 Pa, dt=12 h) and HAD-FD (pre-drying: T=60°C, p= 1 

bar, dt=3 h; post-drying: T=-25 - 20°C, p=50-80 Pa, dt=11 h), respectively. The drying was carried out to a constant 

weight of the material. The moisture content of the samples at the end of the drying process: FD – 2,41% (w.b.), 3hVD-

FD – 2,39% (w.b.), 5minMIR-FD – 2,69% (w.b.) and 3hHAD-FD – 2,07% (w.b.), respectively. Moisture content of the 

dried sweet potato dices was determined by the gravimetric method (LP306, LaborMIM, Hungary). For each drying 

method, 50-50 g samples were used. Weighing was performed on a digital balance (JKH-500, Jadever Co., Taiwan). 

The raw samples used in the experiment are cube-shaped – smooth surface – with an average of 10 mm each. 

The dried materials were placed in vacuum packaging (Laica VT3112, LAICA, Italy). The packs were stored at room 

temperature (t=20-22 °C) for 3 months and the color difference (ΔE) (ColorLite sph900 spectrophotometer, ColorLite 

GmbH, Katlenburg-Lindau, Germany), hardness (compression test using CT3-4500 texture analyzer, Brookfield 

Engineering Laboratories, Middleboro, USA) and rehydration (in distilled water at 30 °C for 10 minutes) of the finished 

product were measured weekly. All tests were repeated three times. 

 

RESULTS 

Figure 1 shows the value of rehydration rate (RR) of the dried sweet potatoes placed in vacuum packaging during the 

investigated period, i.e. the storage time (12 weeks). 

 

 
Figure 1 Change in rehydration value of the dried product under storage 

 

From the rehydration rate curves (Fig. 1), it can be observed that the RR value of the product dried by different methods 

fluctuated slightly from week to week, and was stable by the end of the examination. Only the RR of the material 

produced by the VD-FD method increased at the end of the storage test. 

Table 1 provides information on the results of the color and hardness test of dried sweet potatoes placed in vacuum 

packaging over a period of 12 weeks. 
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Table 1 Changes in color and texture during the storage period 
Designation 0-12 weeks 

Color difference ΔE 0 1 2 3 4 5 6 7 8 9 10 11 12 

FD -* 1.34 1.55 2.12 1.55 3.55 4.69 3.26 4.89 5.22 5.83 5.22 5.34 

3hVD-FD 4.36 4.55 5.78 6.22 5.99 6.84 7.23 7.15 8.22 9.11 8.46 8.26 8.48 

5minMIR-FD 7.11 6.65 7.33 7.62 8.22 8.03 9.56 10.33 10.16 9.77 10.33 10.88 10.77 

3hHAD-FD 9.22 10.26 10.66 11.25 11.05 10.82 12.09 11.86 12.34 12.97 13.44 13.73 13.88 

Texture, N 0-12 weeks 

FD 1.21 1.02 1.30 1.65 1.39 1.87 1.22 1.38 1.88 2.04 2.18 2.16 2.20 

3hVD-FD 4.98 5.22 4.67 4.78 4.77 5.28 5.89 5.16 4.36 4.92 5.06 4.55 4.62 

5minMIR-FD 3.82 3.33 3.58 4.02 4.44 4.48 4.88 4.19 4.56 4.83 4.45 4.79 4.56 

3hHAD-FD 6.50 6.23 6.77 7.21 7.76 8.14 8.05 8.27 8.43 8.21 8.38 8.24 8.49 
*Freeze-dried (FD) samples are the standard. 
„0” data include the value of the dried product before packaging. 

 

The color difference (ΔE) of the samples in vacuum packs shows an increase during the storage period (Table 1). This 

was mainly due to fading of the product (increase of the L* parameter). For samples dried by combined methods (VD-

FD, MIR-FD and HAD-FD), the ΔE increased slightly over the 12 weeks, but increased 4-fold for lyophilized material 

(FD). The color difference between the MIR-FD and HAD-FD samples is already in the range of significant deviation 

[6]. 

The texture of the packaged products also shows a slight increase, mostly negligible, except for VD-FD sweet potatoes 

(stable texture). The increase in texture of the product means that the material becomes harder (increase in resistance of 

the material, N). The largest change - negative - in texture is observed for the HAD-FD product. 

 

CONCLUSIONS 

Freeze-dried and combined dried sweet potato cubes were vacuum packed at room temperature and the color, 

rehydration and texture of the product were monitored week by week over a 12-week storage period. It was found that 

vacuum packaging was suitable for packaging lyophilized and hybrid dried product with hygroscopic characteristics. 

During the storage test, the product with the most favorable physical and mechanical properties was prepared by the 

vacuum pre- and freeze post-drying methods (3hVD-FD). 
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Deep-learning techniques are widely used to classify sounds [1]. A measurement and data acquisition system and a 

computer program have been developed to record, process, and classify sounds recorded by an underwater microphone 

(hydrophone) using deep-learning techniques (artificial intelligence). From a practical point of view, one possible 

condition monitoring possibility is the phenomenon of cavitation. Vibrations caused by cavitation and erosion of the 

pipes are potential damaging factors in the following cases piping systems. To prevent damage, a detection method 

should be developed [2]. The detection of cavitation phenomena is particularly desirable in power plants occurrence 

from outside the pipelines during operation [3]. In this study, pump sound phenomena were investigated experimentally 

using microphones placed inside a tank. Another example is a low-cost leak detection system that is fast, accurate, 

traceable, and automated. 
 

 
Figure 1 Experimental setup with tank, pump, and hydrophone system 

 

However, by using acoustic sensors, the system eliminates the drawbacks of current techniques in the industry that 

require manual labor and are operator dependent. In this approach, hydrophones are used to listen to the sounds 

produced by gas escaping from pressurized tanks. When pressurized gas leaks from a tank, it generates an acoustic 

signal that can travel through the liquid medium. By interpreting the acoustic data, and some future applications that 

could improve the management of pump maintenance [4]. We outline what could be the potential of novel, real-time 

method to detect and address problems in a timely manner. Rolling bearings are key components of centrifugal pumps 

bearings reduce friction and maintain the impeller rotor. In proper alignment with stationary parts under the action of 

the crank wheel radial and transverse loads. Efficient fault detection of bearings allows appropriate preventive measures 

to be taken in good time if and improve performance. An easy to implement yet effective method for bearing detection 

and diagnose pump bearing failures. To achieve this, we plan on using different neural network architectures such as 

Multi-Layer Perceptrons (MLPs) and Convolutional Neural Networks (CNNs) [5,6,7,8]. Here we show the evaluation 

metric of the problem will be "classification accuracy", defined as follows the percentage of correct predictions. 

Accuracy = correct classifications / number of classifications. Classification accuracy is considered the optimal metric, 

since we assume that the that the data set will be relatively symmetric, and that this is a multiclass classifier, where the 

classes of the target data will be of generally uniform size. Other metrics such as Precision, Recall (or, combined, F1-

score) are excluded as they are more applicable to classification challenges that involve relatively small target classes in 

an unbalanced data set.  Our results demonstrate the zero-crossing rate is the rate at which the sign changes with the 

signal, this feature is used extensively in both speech recognition and music information retrieval. Spectral centroid 

indicates where the "centre of mass" of a sound is located and is calculated as the weighted average of the frequencies 

present in the sound. Spectral rolloff a measure of the shape of a signal. It indicates the frequency below which a certain 

percentage of the total spectral energy is present, e.g. 85%. The Mel-frequency cepstral coefficients (MFCC) of a signal 

are a small number (usually 10-20) of features that succinctly describe the general shape of the spectral envelope. 
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Figure 2 Underwater microphone recordings by hydrophone in the tank during pump operation 

 

We anticipate our system to be starting point for more sophisticated machine learning based sound classification of 

underwater sounds in tank due to pump or leakage. Furthermore, this is a major target of artificial intelligence-based 

sensor system development will be relevant for such developments. 
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Cast parts of the automotive industry have to meet several strict requirements that have to be proven during the entire 

production process. In order to ensure these requirements, different examinations have to be carried out during different 

stages of the production process. These examinations can be destructive or non-destructive methods. 

Thermal analysis is a non-destructive method, which based on the analysis of cooling curves of the alloys. With this 

method the metallurgical and metallography properties of castings can be predicted and optimized. Thermal analysis 

methods are used since 1931 in case of cats iron alloys. As a result of the continuous developments it has started to use 

in case of aluminium alloys in the 1980s. There are two methods for the thermal analysis: the so called one-

thermocouple method, and the two- thermocouple method. 

In case of the one-thermocouple method, which is called the “classic method”, the measurement is carried out with one 

thermocouple, which is positioned in the middle of the test specimen. The data of cooling curve are recorded, after that 

the first and second derivatives are determined. 

 

 
Figure 1 One-thermocouple method 

 

In case of the two-thermocouple method the measurement is carried out with two thermocouples. One thermocouple is 

positioned in the middle of the test specimen and another one is positioned near the wall of specimen. The data of 

cooling curves are recorded, and the first and second derivatives are determined similar to the previous method. In 

addition the temperature difference of the two thermocouples are recorded too and based on this, the dendrite coherency 

and rigidity points can be determined. 

 

 
Figure 2 Two-thermocouple method 
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One of the most important application of thermal analysis is the determination of the efficiency of the grain refinement. 

By the help of the method, the undercooling of liqvidus temperature can be measured. If this calculated value is smaller 

the grain refinement is more effective. 

One of the most harmful contaminants of Al-Si castings is iron, which can appear in the form of iron contained 

intermetallic phases: for example Al8Fe2Si (Chinese script shaped α-phase), Al5FeSi (needle shaped β-phase) and 

Al8FeMg3Si6 (π-phase). The iron contained intermetallic phases have negative effects on the mechanical properties of 

castings. In case of the high iron content aluminum alloys the iron contained intermetallic phases can be determined by 

thermal analysis. 
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Supposing serial or quantity production for a shaft or other body of revolution having complex geometry manufacturing 

and cost analysis is recommended before the manufacturing design.  

The application of the standardized tools with CNC technology is favourable in case of unit production since the cutting 

time is long.  

Form tools are usable for the reduction of the cutting time and enhancement of the surface roughness of the cutting 

surface. In addition the application of those tools are independent from the workers’ competence. The disadvantages are 

the tool design and manufacturing time and costs that we have to consider for the cost calculation. We can simply move 

the tool perpendicularly for the axis of rotation of the workpiece to manufacture the complex geometric section on the 

workpiece. One tool geometry is applicable for one given complex workpiece geometry. It means each complex 

workpiece geometry means different type of form tools. 

According to type of the manufacturing strategy of the workpiece there are two main groups of form tools: radial 

cutting tool and tangentional cutting tool. 

In case of radial cutting tool (flat form tool or circular form tool) the feed direction of the tool point intersects the axis 

of rotation of the workpiece. The angle which is closed by the feed direction and the axis of rotation is 90°.  

In case of tangential cutting tool the feed direction of the tool point and the axis of rotation of the workpiece are bypass 

but perpendicular for each other. 

The aim of this research is the geometric analysis, mathematical and geometric design of form tools in general way for 

manufacturing development of body of revolutions having complex geometries.   

 

 
Figure 1 The position of the angles on a flat form tool 

 

Table 1. The properties of the form tools based on the position of  

the tool rakes and tool clearances on the tool setting system 

Flat form tool Circular form tool Tangentional form tool 

𝛼𝑥1 < 𝛼𝑥2 < 𝛼𝑥3 𝛼𝑥1 < 𝛼𝑥2 < 𝛼𝑥3 < 𝛼𝑥4 𝛼𝑥𝐴 > 𝛼𝑥𝐶 > 𝛼𝑥𝐵 

𝛾𝑥1 > 𝛾𝑥2 > 𝛾𝑥3 𝛾𝑥1 > 𝛾𝑥2 > 𝛾𝑥3 > 𝛾𝑥4 𝛾𝑥𝐴 < 𝛾𝑥𝐶 < 𝛾𝑥𝐵  

𝛾𝑥𝑣 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝛾𝑥𝑣1 > 𝛾𝑥𝑣2 > 𝛾𝑥𝑣3 > 𝛾𝑥𝑣4 𝜉𝑥𝐴 > 𝜉𝑥𝐶 > 𝜉𝑥𝐵  
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Figure 2 The position of the angles on a circular form tool 

 

 
Figure 3 The position of the angles on a tangentional form tool 
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The pharmaceutical industry is constantly working to develop the most optimal drug delivery media. We have been 

working to develop a material that can replace the gelatine capsules used today. We saw this as necessary because 

gelatine carrier capsules have some undesirable properties that could be eliminated. In addition, gelatine is made from 

animal collagen which makes its use in certain lifestyles and religions not beneficial. Today's in the modern world, 

more and more companies are trying to reduce the use of animal-based raw materials. In their manufacturing processes 

and plant-based products are becoming more common. The use of a natural polysaccharide matrix can replace the 

commonly used polyethylene glycol (PEG), which causes allergic reactions in some patients. The composite is also 

positive for patients by reducing the side effects caused by the carriers of the drugs. The cellular structure helps to use 

fewer active ingredients and absorb them more efficiently. This has led to a number of important in many diseases, as 

individualised dosing enhances therapeutic efficacy. Our aim was to produce a stable floating formula by foaming. 

Among the matrix components, pectin proved to be suitable. This matrix was heated to 60°C to produce a dispersion of 

the active ingredient and then foamed with air at atmospheric pressure using an ultrasonic homogenizer. The structure 

of the moulded solid foam was investigated by microCT. Our experiments showed that a stable foam could be produced 

by rapid homogenization without surfactant and other additives. The durability and disintegration in the gastric 

environment of the solid foam capsules produced were investigated, as well as the release of the active ingredient. 

 

 
Figure 1 MicroCT image of bubbles trapped in a pectin capsule. 
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Every year more and more waste is generated worldwide. The massive use and uncontrolled disposal of plastics has 

become a habit over the past four decades that needs to be changed immediately. In 2017, around 15 million metric tons 

of plastic packaging waste was generated in the European Union alone [1]. In the general packaging sector, food 

packaging has the highest demand for plastic [1]. The need for plastic in Europe is several tens of millions of tons per 

year [4], of which almost half is used to produce plastic packaging material and almost 1/5 of it is used for food 

packaging material [1] [2] [4]. 

The development and production of new types of food packaging materials (active packaging materials, intelligent 

packaging materials, edible packaging materials and packaging materials produced from 100% natural, degradable 

polymers and their combination) is very important nowadays. Within this, the various edible packaging materials, 

which are usually films, can even form an airtight seal on the surface of the packaged food, or with its active 

components, as well as the diffusion of active components into the food or its immediate environment, the shelf life of 

the food can be increased, safely, with zero waste. Their use can be easily integrated into the production chains of 

currently used packaging materials. 

In this study, an edible film was produced from psyllium husk flour. A film containing a control and a plasticizer was 

also produced. During the tests, the physical, mechanical, thermogravimetric water vapor permeability, water vapor 

binding properties, and antioxidant capacity of the edible film coating were studied. 

 

 
Figure 1 The production of the film from Psyllium husk flour 
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RESULT 

During the production of the film (Figure 1), the psyllium mucilage was treated using ultrasonic cavitation, which 

affected the structure of the arabinoxylan macromolecules containing the psyllium husk flour: by changing it, it 

drastically reduced the viscosity of the psyllium mucilage, which helped the production of the film [3]. The mechanical 

properties of the film determine its durability and suitability for coatings or films. The film produced from mucilage 

without plasticizer was more brittle and did not show a high value for plastic deformation. 

 

CONCLUSION 

Based on the mechanical results, the produced composite films may be suitable for the production of edible film 

coating, of course, during further examination of the films, the antibacterial, antifungal, and antimicrobial effects of the 

films can be determined in vivo and in vitro, which is an important property for use as food packaging material. 
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High pressure pipelines are used to transport different media (crude oil, natural gas, etc.) worldwide. These piping 

systems can contain a large number of girth welded joints (more than 730,000 on the Hungarian system alone) which 

must be evaluated at the design stage to assess their fatigue resistance. The repeating startup and shutdown events, the 

changes in the internal pressure values, furthermore the external impacts (e.g. seismic, dynamic) result in cyclic loads, 

having a characteristic effect on the lifetime of the girth welds. Unfortunately, during the construction of pipelines, it is 

not uncommon to encounter external influences that result in excess bending stresses in the girth welds. Defects and/or 

discontinuities occurring in gas pipelines, frequently in the welds, can lead to propagating cracks, and these pipeline 

cracks may cause catastrophic fractures. Full-scale fatigue and burst test are the best ways of assessing the crack 

propagation resistance of a natural gas pipeline, especially in cases of the girth welds. In the case where we can 

superimpose external bending stress on the cyclic internal pressure, we can model the real loading conditions of the 

pipelines well. 

The aims of our research and this paper are to introduce our full-scale pipeline fatigue and burst tests applying cyclic 

internal pressure and superimposed external bending stress on girth welds, furthermore, attracting the importance and 

the applicability of the investigation results. 

A unique test system has been developed for the complex loading of pipeline sections by cyclic internal pressure and 

external bending. In the three-point bending arrangement, the tested girth weld was positioned in the middle of a 

nominal 4 meters long pipeline section; the bending load was set via a load cell and checked by means of a deflection 

meter. The experimental setup is shown in Figure 1, where water was used as the internal test medium. 

 

   
a) Load cell and deflection meter b) Transfer of external load c) The whole pipeline section 

Figure 1 Experimental setup for cyclic internal pressure and external bending 

 

The investigated pipeline sections were made of P355NH steel with a nominal diameter of DN100 (114.3 mm) and a 

nominal wall thickness of 5.6 mm. The tested girth welds were made by manual metal arc welding and were inspected 

by visual, liquid penetrant, and radiographic tests (VT, PT, and RT, respectively). 

Three pipeline sections were tested in the first phase of the full-scale tests. The first pipeline section (Y3) was only 

subjected to a burst test without fatigue testing and external bending loading. The second pipeline section (Y2) was 

subjected to the burst test after 100,000 cycles of internal pressure loading, both without external bending loading. The 

cyclic internal pressure varied between 60% and 100% of the operational pressure (64 bar). For the third section of the 

pipeline (Y5), external bending loads were applied during the cyclic loading (100,000 cycles) and the burst test. The 

applied stress from bending was twice the axial stress from the maximum internal pressure. After the fatigue tests, the 

radiographic examination (RT) of the examined girth welds were performed again. 

During the fatigue tests, where the applied frequency was 0.2 Hz, the change in the internal pressure value and the 

deflection value and its variation were continuously monitored. These values were recorded every 5,000-8,000 cycles, 

with a time interval of 50-60 cycles (250-300 s). 
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Figure 2 illustrates the internal pressure vs. burst test time diagrams of the investigated pipeline sections, where the 

arrows indicate the burst points (burst pressures): Y3 – 447 bar, Y2 – 447 bar, and Y5 – 446 bar. The pressure drop 

parts of the diagrams demonstrate the volume expansions of the pipeline sections. During the time with decreasing 

pressure, the test system took water from the external water network. Figure 3 shows the investigated pipeline sections 

at the moment of failure, where the water burst with huge force through the split area. 

 

 
Figure 2 Internal pressure vs. burst test time diagrams during the burst tests of the pipeline sections 

 

   
a) Y3 b) Y2 c) Y5 

Figure 3 The investigated pipeline sections at the moment of their failures 

 

The full-scale tests have confirmed the high load-bearing capacity of the girth welds produced to the required quality. 

The failure of the tested pipeline sections occurred similarly, but in none of the cases in a girth weld, with failure 

pressures significantly higher than the operating pressure. Neither the cyclic loading nor the cyclic loading and applied 

external bending load (in this magnitude) significantly affect the pipeline sections' failure (Y2, Y5). However, further 

full-scale tests are needed, both under higher axial stresses from the external bending and using artificial girth weld 

defects on the tensile bending stress side of the pipeline section. 
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Springback is a technical challenge in the automotive industry. AutoForm FEM package uses a material parameter 

expressing the reduction of the initial tangent modulus γ, the saturation constant χ, and the strain distance affecting the 

steepness of the reverse stress curve K to predict springback. To validate such types of material parameters, conducting 

a physical experiment is mandatory. Stretch bending tests are the most common method to study springback using U-

shaped bending testing tools. In addition to the material behavior of the sheet metal, springback is also affected by 

friction coefficient, blank holder force, die, and punch radius. If so, before going to conduct a physical experiment, it 

needs a numerical study using acceptable FEM code to determine the range and the most influential parameters. In this 

study, a cold U-shaped bending test of AA 6181-T4 was numerically investigated using AutoForm. Different ranges of 

die radius (Rd) and punch radius (Rp), coefficient of friction, and blank holding force (BHF) has been considered. The 

Systematic process improvement (SPI) was applied to easily identify which design parameters influence the springback 

and to what extent at different levels. The most important parameters, to what extent, to predict springback amount to 

stretch U-bending of high strength aluminum alloy (HSAA) have been numerically studied. Even though all considered 

parameters affect the geometrical deviations from the intended shape, but the die radius (Rd) is the most influential one. 

The range of die and punch radius which would be free from distortion and warpage has been leveled. Finally, the 

number of designs of the experiment matrix required is confirmed for further physical study. 

In the AutoForm finite element analysis material card, the reduction of the tangent modulus to analyze the kinematic 

hardening behavior of the material is expressed as: 

𝐸𝑙 = 𝐸0[1 − 𝛾(1 − 𝑒𝜒𝑝)] 

Where 𝐸0 initial tangent modulus, 𝐸𝑙  is deformation-dependent tangential modulus, γ is a material parameter called 

young's reduction factor and χ is saturation constant. 

The non-linear reverse strain is approximated with an inverse hyperbolic tangent function and for the sum of linear and 

non-linear reverse strain the following expression can be written: 

𝜀𝑟 = 𝜀𝑟𝑙 + 𝜀𝑟𝑛 =
𝜎𝑟

𝐸1(𝑝)
+ 𝐾𝑎𝑟𝑐𝑡𝑎𝑛ℎ2(

𝜎𝑟
2𝜎ℎ(𝑝)

)
2

 

where 𝜎h(p) is the isotropic stress depending on the reverse plastic strain and K is a material parameter representing a 

typical strain distance affecting the steepness of the reverse stress curve (𝜎r). 𝜀r is total reverse strain, 𝜀rl is linear 

reverse strain, 𝜀rn is nonlinear reverse strain. Therefore, γ, χ, and K will play essential roles in the physical experiment 

to analyse springback. This study takes into account those parameters directly from the material library found in 

AutoForm finite element package for the specific material 

AutoForm uses systematic process improvement (SPI) and multiple stamping simulations are carried out automatically. 

SPI enables engineers to improve the forming process systematically. Systematic process improvement brings 

transparency to the forming process by showing which design parameters influence the part quality and to what extent.  

The acceptable and defect-free design parameters for the simulation of stretch U-bending of high-strength aluminum 

alloy are listed in Table 1. 

 

Table 1 Design parameters for simulation 

Geometrical parameters Considered Value Accepted value 

Die radius (Rd) 3-10 mm 5,6,7,8, 9 & 10 mm 

Punch radius (Rp) 3-10 mm 3,4,5,6,7,8 & 9 mm 

Blank holding force (BHF) 3,4,5,6,7,8, & 9 kN 

coefficient of friction (μ) 0.01, 0.05, 0.1 & 0.15 

 

The effect of die radius on a different level of constant punch radius and vis versa on the flange springback θ1 is shown 

in Figure 1. Figure 2 also demonstrated the effect of BHF and coefficient of friction to flange springback θ1 on the 

constant of coefficient of friction and BHF respectively. 
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(a)      (b) 

Figure 1 The effect of die and punch radius on flange springback: (a) constant punch radius; (b) constant die radius 

 

 
(a)      (b) 

Figure 2 The effect of BHF and coefficient of friction on flange springback: (a) constant coefficient of friction; (b) 

constant BHF 
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In the past century, the prediction of ductile damage and fracture of metal materials under complex loadings has always 

been an important topic in many industries like the metal forming industry.  

The GTN model is one of the most classical damage models regarding damage mechanics, which has a wide application 

and perfect development in studies of fracture of metal ductile. GTN was originated from Gurson and later improved by 

Tvergaard and Needleman. The improvement consists on introducing an equivalent void volume fraction f and two 

more parameters called q1 and q2 into the yield function of Gurson’s model to model the complete loss of load-carrying 

capacity at a realistic void volume fraction.   

The yield function of the GTN model can be expressed as  

(𝜎, 𝑓) = (
𝜎𝑒𝑞

�̅�𝑚
)2 + 2𝑞1𝑓

∗ cos ℎ (
3

2

𝑞2𝜎𝑚

�̅�𝑚
) – 1 – (𝑞1𝑓

∗)2 = 0 

Where σm is the mean stress, σeq is the macroscopic von Mises equivalent stress;  

σm =
𝜎𝑖𝑖

3
 is the mean stress; 𝜎𝑚 is the equivalent stress of the matrix material; q1 and q2 are adjustment parameters 

introduced by Tvergaard; the equivalent void volume fraction f is a function of the current void volume fraction f:  

𝑓∗ = {
𝑓𝑓 ≤ 𝑓𝐶
𝑓𝐶 + 𝑘𝑓(𝑓 − 𝑓𝐶)𝑓 > 𝑓𝐶 

 

The Gurson-Tvergaard-Needleman (GTN) model, is widely used to predict the failure of materials based on lab 

specimens and its direct identification is not so easy to acquire, where time and financial investiment are needed. The 

Gurson model is based on micro-mechanical behavior of ductile fracture, where void nucleation, growth and 

coalescence are contained. To determine the GTN parameters, the most used method is the combination betwwen the 

experimentals tests results and the FEM results.  

In this work it is presented a comparison between different parameters and tests results for flat specimen based on the 

fracture of traction and compress test. 

One of the major issue of the GTN model is the accurate identification of GTN parameters, making not possible to 

perform experiments for their evaluation. In order to estimate the material parameters of the GTN it is made an inverse 

procedure aimed to estimate the material parameters of the GTN porosity-based plastic damage model by means of 

RSM method is represented. Results are showed with agreement between experimental and predicted FLD when 

determined GTN parameters were utilized. For the FE - Simulation Abaqus software is used to predict FLDs.  

The predicted FLDs are compared with experiments involving aluminum alloys.  
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The paper deals with the torsional rigidity of homogenous and orthotropic beam with rectangular cross section. The 

torsional rigidity of the considered beam is defined in the framework of the Saint-Venant theory of uniform torsion. 

Exact and approximate solutions are given to the determination of the torsional rigidity. The shape of cross section is 

determined which gives maximum value of the torsional rigidity for a given cross-sectional area. The dependence of 

torsional rigidity as a function of the ratio shear moduli of beam is also studied.  

Figure 1 shows the beam with rectangular cross section which is subjected to torsional load. The material of the beam is 

elastic, homogenous and Cartesian orthotropic with shear moduli 𝐺𝑥𝑧 = 𝐺𝑥 and 𝐺𝑦𝑧 = 𝐺𝑦. Although the exact solution 

is known for the twisted orthotropic beam with a rectangular cross section [1,2,3,4], the basic formulae are given for the 

simplicity, which are directly connected to the torsional stiffness.  

 

 
Figure 1 Beam with torsional load. 

 

The Prandtl stress function formulation is used. The exact value of torsional rigidity is obtained as a limit value of an 

infinite series. Paper presents upper and lower bounds for the numerical value of torsional rigidity. The lower 𝑆𝐿 and the 

upper 𝑆𝑈 bounds of torsional rigidity with the exact value of torsional rigidity as a function of ratio of shear moduli is 

analyzed.  

𝑆𝐿 =
40

9

𝐺𝑥𝐺𝑦𝑎
3𝑏3

𝑎2𝐺𝑦 + 𝑏2𝐺𝑥
.(1) 

𝑆𝑈 =
4𝐺𝑥𝐺𝑦𝐽𝑥𝐽𝑦

𝐺𝑥𝐽𝑥 + 𝐺𝑦𝐽𝑦
≤ 𝑅𝑈 = 𝐺𝑥𝐽𝑥 + 𝐺𝑦𝐽𝑦(2) 

 

Determination of the size of rectangular cross section whose torsional rigidity has maximum value for a given value of 

cross-sectional area is presented and it is illustrated by numerical example. 
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Layered composite structures, especially layered composite beams are widely applied in building and bridge 

engineering since the advantages of the layers made of different materials can be well married, while their 

disadvantages can be reduced or eliminated. Therefore, it is very important to understand the mechanical behavior of 

the layered composite beams and the influence of the connection between the layers of composite beams which are 

joined to each other by different shear connectors such as nails, screws or rivets.  

Because of the elastic deformation of those connectors can occur between the connected beam components the 

appearance of interlayer slip is possible. In this paper it is assumed that the normal direction of the connected layers is 

perfect. The connection in axial direction may be imperfect, which is described by the concept of interlayer slip. Paper 

presents an analytical solution for the two-layered composite beam-columns with imperfect shear connection.  

The considered beam is simply supported at its both ends (see Figure 1). The beam is subjected to transverse load and 

constant axial load. The kinematic assumptions of the Euler-Bernoulli beam theory are used. The connection of the 

beam components is perfect in normal direction, but the axal displacement field may jump. The shear axial force 

derived from t the imperfect connection is proportional to the relative slip occurring between the layers. The 

determination of the analytical solution is based on Fourier method. The first theoretical and experimental studies 

analyzing the behavior of the composite beams with interlayer slip was published in the 1950s.  

            
Figure 1 Layered composite beam-column, its applied load and cross section. 

 

In paper [1] the Euler-Bernoulli beam theory was utilized to describe the static behavior of composite beams with 

interlayer slip. Since then, a lot of papers, studies have dealt with the problem of layered beams with partial shear 

interaction based on the results of Newmark et al [1]. In the present paper a slip-deflection formulation is presented to 

solve the statics problem of composite beams with imperfect shear connection and constant axial load. Lengyel and 

Ecsedi presented a second order analysis of composite beam-columns with interlayer slip. The considered beam carries 

the transverse load and constant axial load [2].  

The beam-column at both end is simply supported, and its applied load is transverse load which depends on the axial 

coordinate and constant axial load. The presented close form solution is obtained by the Fourier series representation of 

the displacement and slip function. Two examples illustrate the application of the developed analytical method. 
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Regardless of the casting technology used for manufacturing cast components, liquid metal quality has an essential role 

in providing high structural integrity, mechanical performance, and the avoidance of casting defects like porosity, 

leakage, hot tears, and cracks [1]. Even the first of the well-known ten rules, created by Campbell [2] to provide the 

fundamental requirements for the manufacture of high-quality metal castings, emphasizes the importance of “starting 

with a good-quality melt”. To accomplish this, the melting, melt-transfer, and melt-processing steps need to be carefully 

selected, executed, and controlled. However, as revealed by Erzi et al. [3] the quality of the ingots produced by different 

primary or secondary alloy suppliers can differ remarkably. In this way, the melt quality is affected by the impurity 

content of the ingots used as charge material. Among the impurities, double oxide films (or bifilms) and solute 

hydrogen have an overwhelmingly negative effect on the susceptibility to pore formation and the mechanical properties 

of cast parts, so the detection and quantification of these impurities present in ingots should be considered to be an 

important task when the supplier of the charge material is selected. There are different approaches available in the 

literature for this task [3-5]. In this work, we present our solution (Figure 1.) for this challenging and complex problem. 

 

 
Figure 1 The scheme of the quality assessment of the ingot material  

 

The reduced pressure test (RPT) is a valuable tool for liquid metal quality assessment, being able to reveal the presence 

of bifilms by utilizing the phenomenon of bifilm-initiated pore formation [6-9]. For this reason, a modified reduced 

pressure test, which is based on the work of Fox and Campbell [5] was used during our study for the quality evaluation 

of different ingot materials. The method itself consists of remelting alloy samples machined out of the incoming ingot 

material and allowing the samples to solidify in the vacuum chamber of the RPT apparatus at 80 mbar pressure (Figure 

1). During melting and solidification, the specimen is supported in a steel cup containing silica sand. After the 

solidification of the specimen, the bifilm quantity can be evaluated by the means of computed tomography or image 

analysis of the cross-section of the specimens. Pore volume fraction, number density, specific pore surface area (pore 

area divided with sample volume), and Bifilm Index parameters can be evaluated and used for the evaluation of charge 

material quality. The sample geometry must be selected in a way that provides a similar solidification rate as in the case 

of traditional RPT samples. For this reason, solidification simulations were executed with different geometries and the 

one with the solidification rate closest to the simulated RPT samples’ was selected. 
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The proposed ingot quality assessment technique was tested on primary aluminum alloy ingots produced with different 

technologies. The results were compared with the melt quality assessment of the as-melted batches made from the 

ingots. Based on the results, the recommended procedure for the analysis of ingot material quality is presented. 
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Simulation and modelling of sheet metal forming process are well common today in different industries (automotive, 

aerospace) and several research centers regarding its huge impact for both on production and reliability of the lifecycle 

of the equipment, and the quality of the product. However, to obtain the best configuration possible with the inputs 

parameters to achieve high level of production and increasing the durability of the tools needs some extra methods for 

the optimization for this problem using mostly finite element method cooperated with iterative algorithms based on 

Artificial Neural Network (ANN) [1]. Whereas this research is focused on modelling of stamping process of stainless 

steel AISI 304 to investigate to formability of the material, and studying the influence of the friction factor on the 

quality of the product as well the energy required for each set configuration.  

 

 
Figure 1 Symmetric modelling of stamping process of stainless steel AISI 304 

 

NUMERICAL MODELLING SETUP  
 

The blank material is stainless steel AISI 304 It is an austenitic stainless steel composed of at least 18% chromium and 

8% of nickel. It has the properties of being weldable and ductile. Its Young's modulus is E=200 GPa and its Poisson's 

ratio is ϑ=0.29. Several hardening laws have been tested and Ludwik's law seems the best suited to describe the 

behavior of AISI 304 by linking the flow stress σy to the plastic deformation εp [1]. This law is written in the form: 

 

𝜎𝑦 = 𝜎𝑒 + 𝐾. 𝜀𝑝
𝑛 

Where σe ,𝐾 and n are intrinsic characteristic related to material, they have the values defined in the Table 1. 

 

Table 1: Hardening Parameters of AISI 304 

Parameter Σe K n 

Value 197.3 (MPa) 1340.6 (MPa) 0.64 
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Figure 2 Flow Curve of AISI 304 

 

Whereas, the blank is modeled as a deformed body, the other parts (Upper Die, Lower Die) are modeled as a rigid body 

to faster the calculation.  

Since our model is symmetric, the half of the model was carried out in the simulation in order to decrease the time of 

calculation. 

The calculation was done using Abaqus software. 

 

RESULTS 

 

Distribution in the deformed body has shown in Figure 3. 

 

 
Figure 3: Von Mises Stress distribution in the deformed body 
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Ultrasonic atomization is used to obtain fine metallic powders to be used further in additive manufacturing. In this 

article, a metal powder production technology based on the ultrasonic sputtering method is presented, where the 

ultrasound frequency is 35 kHz. The medium particle size distribution of the metal powder that can be produced by the 

process based on this technology is 45-63 microns. The raw material is melted with an electric arc, which is pulverized 

with the help of ultrasound. Ultrasonic atomization methods are based on the capillary wave hypothesis. The produced 

metal powder particles may show differences in their tissue structure as a result of the different technologies. After 

atomization, the composition of the material does not change, as the entire process takes place in an inert atmosphere. 

 

  
Sample_1: 17-4PH material Sample_2: 1.4551 material 

 
 

Figure 1 Different types of metal powder material sieve distributions 

 

Different powder production technologies lead to powders of different quality, and their examination is extremely 

important in the field of 3D metal printing. Metal powder of the right size, shape and density is essential for printing, 

because these particles will be connected (fused, sintered) in the printing process. 

The left side of the first figure shows the SEM image of a 17-4PH steel powder made by gas atomization and below it 

the grain size distribution, while the right side shows the grain size distribution and shape of a 1.4551 metal powder 

made by ultrasonic atomization. 
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Figure 1 Schematic diagram of metal melting in ATO ultrasonic equipment 

 

During the atomization process, capillary waves are formed on the surface of the liquid, the wavelength of which 

depends on the magnitude of the frequency, the energy distribution and the physico-chemical properties of the liquid. 

The most important factor is the density and surface tension of the liquid at the liquid-air interface. If the liquid begins 

to oscillate due to the vibration, the peaks of the capillary waves separate as droplets. 
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Solar air collector (SAC) is a most commonly used solar energy system. It absorbs incident solar radiation, converts it 

into thermal energy, and releases this energy into circulating air. SACs are main components in many engineering 

applications, such as space heating and crop drying [1]. Various researchers have conducted experimental and analytical 

studies to improve the thermal performance of SAC [2]. These studies require a lot of time and are comparatively 

expensive. Therefore, soft computing techniques can be used to avoid these problems. Artificial neural network (ANN) 

technique is used to predict and optimize the performance of SAC[3]. İn recent years, ANN has becom increasingly 

popular in numerous engineering applications and has been used by many researchers in many fields [4]. The structure 

and behavior of this technique resemble the human nervous system. In general, the structure of ANN cosists of three 

layers, namely an input layer, a hidden layer, and an output layer. This network structure is the most common model 

and is called multi-layer perceptron (MLP). Each layer has a certain number of small, individual, and highly 

interconnected processing elements called neurons. ANN operates like a black box model and can predict the desired 

output of the system with limited training data. There are numerous algorithms for learning neural network models. Out 

of these algorithms, LM is the most popular due to its fast computing and minimum error rate [5].  

The aim of this research is to predict the energy efficiency of a V- corrugated solar air collector using the actual weather 

data of Miskolc city, Hungary with the help of ANN. Six input parameters such as date, time, solar intensity, ambient 

temperature, mean plate temperature and air outlet temperature are used in the input layer. Energy efficiency is used as 

output parameter in the output layer. A total of 112 data samples are used for prediction, of which, 70% are used for 

training, 15% for validation, and the remaining 15% for testing the model. The number of neurons in the hidden layer is 

determined by trial and error. However, 2 to 14 neurons were examined. The lowest mean square error (MSE) value and 

the highest correlation coefficient (R) value indicate the optimal neuron model. From the statistical analysis, the lowest 

value of MSE for training, validation, and testing is 1.23E-04, 1.518E-04, and 6.33E-04, respectively, and the highest 

value of R for training, validation, and testing were 0.99917, 0.99936, and 0.99468, respectively. These values were 

found for a number of 3 neurons compared with the values of other neurons. Thus, the 6-3-1 structure is the optimal 

neuron model. The regression plot for this structure is shown in Figure 1.  

 
Figure 1 Regression plot of 6-3-1structure 
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The best validation performance occurred in epoch 87, where the MSE during validation was 0.0001518. in addtion, the 

training process was terminated in epoch 93 because the minimum gradient error was reached. 

The prediction accuracy of ANN is also observed from the histogram error graph (see Fig. 2). It can be observed that 

most of the errors are near the 0 point error line. Therefore, it can be concluded that the neural structure 6-3-1 with LM 

learning algorithm is the optimal model for accurately predicting the efficiency of SAC. 

 

 
Figure 2 Error distribution graph 
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In industry, mixing is a common operation. Mixing granular materials can be done for several purposes: e.g., 

homogenisation or segregation of the granular materials, but also during coating or drying. Different designs, layouts, 

and operating parameters are available depending on the mixing purpose and the mixed materials. The apparatus 

requires sizing of the electric motor power that performs the mixing. Underestimating the power of the mixing motor 

will result in the apparatus being unable to perform the mixing operation, and overestimating it by a significant amount 

may result in unnecessary additional investment and operating costs. The mixing power requirement depends on the 

quality, physical properties and quantity of the material to be mixed, as well as the geometry of the mixing apparatus. 

The analysis of the literature shows that researchers have carried out measurements and simulations of mixing power 

requirements, but there are few literature equations ([1]–[4]) available for the determination by calculation. These 

equations differ in terms of equation form, range of validity, type of apparatus and mixed materials. Table 1 summarises 

the literature equations. 

 

Table 1. Mixing power equations in the literature for mixing granular materials. 
No. Ref. Equation Test facility Material Validity range 

1 [1] Experimental: 

𝑃 = 1.03(𝜌𝑏𝜇𝑏𝑉𝐼𝐿𝐼𝑛𝑙𝑔)
0.93 

Dimensional analysis: 

𝑃

𝜌𝑏𝐷𝑜
3𝑛5

= 𝐾𝑝 (
𝜌𝑏𝐷𝑜

4𝑛2

𝐹𝑐
)

−1

 

𝐾𝑝 = 1.884𝑙 + 0.324 

Segmented 

curved-ribbon 

impeller 

corn scratch 

and 

icing sugar 

0.25
1

𝑠
≤ 𝑛 ≤ 1.67

1

𝑠
 

0.08 ≤ 𝑙 ≤ 0.58 

2 [2] Experimental: 

𝑃 = 0.21𝜌𝑏𝜇𝑏𝑉𝐼𝐿𝐼𝑛𝑙𝑔 

Dimensional analysis: 

𝑃

𝜌𝑏𝐷𝑜
3𝑛5

= 𝐾𝑝 (
𝜌𝑏𝐷𝑜

4𝑛2

𝐹𝑐
)

−1

 

𝐾𝑝 = 0.267𝑙 + 4.261 

horizontal 

helical 

double-ribbon 

impeller 

corn scratch 

and 

icing sugar 

0.25
1

𝑠
≤ 𝑛 ≤ 1.67

1

𝑠
 

0.08 ≤ 𝑙 ≤ 0.50 

3 [4] 
𝑃 = 0.383 ∙ 10−6𝐿𝐷0.351𝛼𝐴𝑜𝑅

1.293(𝑛𝜌𝑏)
0.117 (

𝑚

𝛽
)
0.883

 
rotary kiln 

𝜌𝑏 = 1200
𝑘𝑔

𝑚3 

and 1300
𝑘𝑔

𝑚3 

0 ≤ 𝑙 ≤ 0.15 

25° ≤ 𝛼𝐴𝑜𝑅 ≤ 50° 

4 [3] Double helical ribbon impeller: 

𝑃 = 114.3 (
𝐻

𝐷
)
1.19

𝑛1.085 

Pitched blade ribbon impeller: 

𝑃 = 160.1 (
𝐻

𝐷
)
1.553

𝑛1.106 

stirred tank glass particles 
0.5

1

𝑠
≤ 𝑛 ≤ 1

1

𝑠
 

0.633 ≤
𝐻

𝐷
≤ 0.739 

 

The literature equations were created by fitting functions to measured data ([1]–[3]), by mechanical derivations [4] or 

by dimensional analysis ([1], [2]). For mixing element installations with horizontal layouts, rows 1 and 2 of Table 1  

summarise the equations found in the literature. The equations include the geometric dimensions (𝑉𝐼; 𝐿𝐼; 𝐷𝑜) specific to 

the apparatus, operating parameters (𝑛; 𝑙; 𝑔) and some material properties of the mixed materials (𝜌𝑏; 𝜇𝑏; 𝐹𝑐). Their 

range of validity is given by the range of loading factor (𝑙) and rotational speed (𝑛) tested for the different mixed 

materials.  Row 3 of Table 1 summarises the case where the mixing is performed by the rotating drum rather than by 

rotating mixing elements. The literature equation considers only the bulk density of the material (𝜌𝑏), the mass of the 

material (𝑚) mixed in the drum and the angle of repose (𝛼𝐴𝑜𝑅) as material specific parameters. In addition, it includes 

some geometric parameters of the rotating drum (𝐿; 𝐷; 𝜃; 𝛽) and the rotational speed (𝑛). The equation is validated at 

two bulk densities and the range of validity is given by a range of loading factor and a range of repose angle (𝛼𝐴𝑜𝑅). An 

equation for a vertical layout of mixing apparatus was also created for two types of mixing elements and is presented in 

Table 1, row 4. The equation and the range of validity are given by two parameters: the ratio of the diameter of the tank 

(𝐷) to the height of the bulk in the tank (𝐻) and the rotational speed. 

 

 

mailto:horvath.daniel@gpk.bme.hu
mailto:poos.tibor@gpk.bme.hu


INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 

10-11 November 2022, Debrecen, Hungary 
____________________________________________________________________________________________ 

__________________________________________________________________________________ 
45 

 
The literature mixing power equations listed in Table 1 are not applicable to an agitated drum.  Thus, one of the 

objectives was to collect parameters influencing the mixing power requirement. Another objective was to create an 

equation using dimensional analysis which is able to describe the mixing power requirement in the agitated drum shown 

in Figure 1. 

 
Figure 1. 3D model of the mixing drum on the left and the mixing paddle on the right with the dimensions. 

(𝐿𝑑: drum length, 𝐷𝑑: drum width, 𝐻𝑑: drum height, 𝑊𝑚𝑝: mixing paddle width, 𝐻𝑚𝑝: mixing paddle height, 

𝛼𝑚𝑝: mixing paddle inclination angle, 𝐿𝑚𝑝: mixing paddle force lever, 𝑛: rotational speed, 𝑔: gravity) 

 

Based on the literature, 17𝑝𝑐𝑠 parameters influencing the mixing power requirement were collected.  These were the 

parameters describing the geometry of the mixing drum (drum length, drum width, drum height, mixing paddle width, 

mixing paddle height, mixing paddle inclination angle, mixing paddle force lever, number of mixing paddles, apparatus 

wall friction coefficient), parameters specific to the mixed material (typical particle size, bulk density, bulk friction 

coefficient, static angle of repose, bulk cohesive force) and operating parameters (drum loading factor, rotational speed, 

gravity). Then, using dimensional analysis, the equation of the mixing Power number for the agitated drum was created. 

To determine the unknown exponents in the equation, laboratory measurements were performed with air-dry hulled 

millet. Using the measured data and a nonlinear solver, and based on literature data, the unknown exponents were 

determined. The created Power number equation is as follows: 

𝑁𝑃,𝑝𝑟𝑒𝑑 = 43.4𝑙1.04𝑁𝐶
−1𝐹𝑟𝑀′

1/6. 

The 𝑙 in the equation denotes the drum loading factor, 𝑁𝐶  the dimensionless Cohesion number and 𝐹𝑟𝑀 the mixing 

Froude number. Multiplier 43.4 contains the parameters that can be taken as constant, i.e. the geometric dimensions of 

the apparatus and the unchanged parameters specific to the granular material. The mixing power requirement can be 

determined from the Power number equation: 

𝑃𝑝𝑟𝑒𝑑 = 𝑁𝑃,𝑝𝑟𝑒𝑑𝐿𝑚𝑝
5𝑛3𝜌𝑏 . 
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Recent vehicle development concepts are focusing on functionalities instead of components, therefore new solutions are 

required to define the architecture of systems which are becoming more and more complex. This is especially true for 

driverless vehicles, for which high quality requirements are combined with the need for reliable, easily maintainable 

solutions. One of the most applied solutions for handling this complex task is to define each functionality as a module 

and therefore narrow down the system concept for blocks with inputs and outputs combined with the related 

requirements. This also facilitates the application of V-model in systems engineering regarding the testing and 

validation of functionalities. Defining the system on a high-level as simple as possible is inevitable for defining lower 

level requirements. This solution was also applied for designing electric driverless car’s mostly from the beginning, but 

one should also consider the configuration of motors due to the difference in control algorithm for an electric drive with 

1, 2 or 4 motors considering also the exact placement (eg. drive shaft or wheel-hub configuration). Richard Matthaei 

and Markus Maurer [2] already developed a top-down approach with three-level design based on functional 

requirements to manage the high complexity of environment modeling based on the system architectures of the DARPA 

Urban Challenges. They made high efforts defining the functional parts of “perception” with the focus of application 

independence which in these terms means that no platform specific requirements are included for e.g. cruise control. 

 

 
Figure 1: Separation of High-Level and Low-Level functions with modular design 

 

The suggested solution in this article replaces the three-level design from [2] with a two-level one, named according to 

their level of abstraction: high- and low-level control. This separation was done in order to differentiate between 

vehicle-independent (e.g. mapping) and vehicle-dependent (e.g. actuation) functionalities. Following the same top-

down approach, beginning from environment recognition and mapping functionalities, the two levels of abstraction 

were separated at the vehicle control targets based on the predecessor thesis [1]. This means the high-level control is 

responsible for perception and route calculation alongside with state control functionalities and low-level control is 

responsible for platform dependent functionalities like steering and brake control based on the calculated targets like 

yaw rate. 
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Module Input Output EV CV 

M1 - Recognition Camera image Reference lines x x 

M1.1 - Detection Camera image Cone image coordinates x x 

M1.2 - Projection Cone image coordinates Cone xy positions x x 

M1.3 - Mapping Cone xy positions Reference lines x x 

M2 - Planning Reference lines High-level commands x x 

M2.1 - Trajectory planner Reference lines Car trajectory x x 

M2.2 - Trajectory controller Car trajectory High-level commands x x 

M3 - Data acquisition Signals, commands Component data x x 

M4 - Degradation management Component data Component state x x 

M5 - State estimation Component state Vehicle state x x 

M6 - State control Vehicle state State machine commands x x 

M7 - Actuator management High-level commands Low-level commands x x 

M8 - Clutch control Clutch target position Clutch actual position  x 

M9 - Gearbox control Gear target Actual gear  x 

M10 - Longitudinal control Acceleration target Vehicle speed x x 

M10.1 - Force distributor Acceleration target Brake and motor torque x x 

M10.2 - Motor control Motor torque Car acceleration x x 

M10.3 - Brake control Brake torque Car braking x x 

M1 - Steering control Steering angle target Actual steering angle x x 

 

The goal besides differentiating between vehicle dependent and independent functionalities was to create an universal 

architecture which can handle both conventional drivetrain with internal combustion engine and electric ones. The key 

role in this development is to discretize the main functionalities which are drivetrain dependent and the ones which are 

not. As an example, actuator management is needed to generate reference values for steering control and gearbox 

control as well if the drivetrain has an internal combustion engine. For electric drivetrains, steering control and force 

distributor target calculation is sufficient but with different motor control setup. The aim of this article is to define the 

modules of a driverless car with internal combustion engine with respect to compatibility with electric drivetrain and 

capability to drive the car both in manual, and in driverless mode without modification. 
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The operating temperature of the standard steel-reinforced aluminum conductors (ACSR) of high-voltage transmission 

systems is limited to 80°C due to the annealing effect of the elevated temperature [1]. This means a limit in the current 

carrying capacity of the conductors [2]. Higher operating temperatures could mean larger capacity [3]. This is the basis 

of the high-temperature low sag (HTLS) conductors [4]. One basic type of HTLS conductor contains wires produced 

from heat-resistant aluminum alloys [5] to increase the temperature of annealing processes. This proves the larger 

strength of the conductor in elevated temperatures. So, the operating temperature of the HTLS conductors is larger than 

80°C (150-210°C). The overloading or emergency cases can cause a larger temperature than the maximal operating 

temperature. The scope of the presentation is to examine and compare the changes in the mechanical behavior of 

different conductors. 

The temperature of the conductor during operation is mainly determined by the resistivity of the aluminum wires which 

originates from the alloy and its state. Next to the resistivity, the environmental conditions have another important 

effect, where the surface conditions of the wires in the outer layer have a decisive role [6]. The stranded steel-reinforced 

aluminum conductors are complex structures themselves. There are complex methods for the evaluation of phase 

transformation in metals [7] or examining the surface or surface layers [8], but the testing of the power of complex 

structures usually uses simple destructive mechanical tests of samples [9]. The evaluation of these tests needs a complex 

interpretation. The introduced tests and comparisons follow this scheme. 

Three types of steel-reinforced aluminum conductors are tested: I. ACSR 264-AL1/34-ST1A, II. AACSR 185-AL4/43-

ST6C, III. AACSR 264-AT1/34-A20SA. AL1 denotes cold-drawn wires (H16) from unalloyed grade (EN AW 1370). 

ST1A means heavily galvanized high carbon, high strength steel wire. AL4 is the designation of stabilized alloyed 

aluminum wires (EN AW 6101). ST6C is the designation of the heavily galvanized ultrahigh-strength steel wires. the 

AT1 denotes the cold-drawn heat-resistant wires. A20SA means the aluminum-cladded steel wires, where the aluminum 

layer is used as a corrosion protective layer. The materials of the wires determine the strength and the resistivity of the 

conductors next to the construction. The standards show that the conductors’ elastic moduli mainly depend on the 

construction. Therefore, those constructions which have the same calculated elastic moduli are chosen. 

The standards (e.g., EN 50182:2001) use the tensile testing of the wires to evaluate the mechanical properties of the 

conductors. For example, the rated tensile strength of the conductor is calculated from the measured tensile strength of 

the wires. But to evaluate the whole complex stranded structure the testing of the conductor is used. The most important 

mechanical property of the stranded conductors is elastic behavior. This is described well by the stress-strain test where 

the conductor is loaded with different stress levels for a certain time (EN 50182:2001). The result of the test is evaluated 

by a polynomial which contains next to the stress-strain function contains the effect of the short-term creep (Fig. 1.). 

This polynomial is used in the modern calculation methods of the span, sag, and clearance. 

Samples of the chosen conductors are heated up by current to 230°C and held at this temperature for 3 hours. 

Additionally, other samples were heated up also by the current to 400°C. At this temperature, the soaking was just 0.5 

hours. The tensile strength of all conductors was tested, and the rated tensile strength was calculated. The different 

conductors are compared after the different treatments. The comparison shows that in all cases the strength of the wires 

is decreased but to a different extent. This decrement in strength is due to the annealing of the aluminum wires. 

Isothermal heat treatments were performed on the wires at the same temperature as a reference. Here the tensile strength 

was measured too. These results show the maximum extent of the strength loss due to annealing. The results can show 

the effect of the tempering of the conductor samples. Additionally, the microstructure of some wires from the conductor 

samples was also examined. Partial recrystallization was observed in some cases here, the recrystallization and the 

recovery together were reduced the strength of the wires. In other cases, the deformed grain structure was observed, 

which suggests the recovery process only which meant the annealing of the wires.  
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Figure 1 Stress-strain polynomials of the reference conductors without any heat treatment. 

 

Next to the wire testing the stress-train test also was performed on the tempered conductor samples. The polynomial 

functions have contained the effect of tempering on the steel wires too. The comparison of the polynomials as the 

elastic behavior shows an interesting picture of the heat resistivity of the conductors. 

Conductor type III shows the smallest extent of changes in tensile strength due to the heat-resistant aluminum alloy. The 

largest decrement in tensile strength was measured in the case of unalloyed wires. The same difference can be seen in 

the changes in the polynomials. But the changes of the polynomial of the conductor type II show an interesting result 

due to the high strength of the steel wires. The lecture shows the results and the comparisons in detail. 
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INTRODUCTION 

Batch distillation (BD) is one of the most commonly used methods to treat waste solvent mixtures. Components of these 

mixtures often form azeotropes, which make the separation more difficult. For BD, a dynamic optimisation problem has 

to be formulated and solved. A feasible path approach is often used to evaluate the objective function (OF) by solving 

the process model iteratively within the range of optimisation variables. However, when a flow-sheet simulator is used, 

the optimisation is typically carried out by an external tool utilizing an evolutionary (typically genetic) technique. These 

techniques require a large number of OF evaluations, which increases the computational intensity of the optimisation. 

Hegely and Lang [1] investigated the use of a genetic algorithm to optimise the recovery of methanol (in a purity of 

99.5 mass%) from a five-component waste solvent mixture: acetone (A, 0.07 %), methanol (B, 37.4 %), tetrahydrofuran 

(C, 4.89 %), water (D, 56.34 %) and toluene (E, 1.56 %). Several azeotropes are formed: A-B, B-C, B-E, C-D and D-E. 

C and E are removed in two fore-cuts (fc1,fc2) causing a considerable loss of B, which is obtained as main cut (mc). An 

after cut (ac) is also taken and recycled to decrease the loss of B and purify the residue D. 

For this process, Hegely et al. [2] suggested a surrogate model-based optimisation (SMBO) technique to decrease the 

computational load. The evaluation of surrogate models (SMs), which are simplified models built from the inputs and 

outputs of rigorous models whose behavior they mirror, requires significantly less computer power. Simulations were 

run by a flow-sheet simulator (Chemcad) in a set of points in the space of the optimisation variables that were produced 

via Latin Hypercube Sampling (LHS). The ALAMO machine learning technique was then used to fit algebraic SMs to 

the simulation results in order to describe OF and the constraints. SQP solved the ensuing optimisation problem with 

ease. The simulation's outcomes were accurately reproduced by the SMs. The number of simulations was reduced from 

3000 to 1000, the profit obtained by the SMBO was by 5% higher than that of Hegely and Lang [1]. The flow chart of 

SMBO method is as follows: 

 

 
 

Reoptimisation for different prices of methanol (pB) is possible with SMBO without further simulation. pB plays a 

crucial role in the profitability of the process. Therefore, the goal of this work is to study the influence of the pB on the 

optimal operation of the BD process.  

The treatment of a batch consists of five steps. In Step 0, the column is heated with total reflux to approach steady-state 

conditions, which takes 360 min. At this point, the condensate contains mainly B and C, with a composition close to the 

azeotropic one. A first fore-cut with reflux ratio R1 is taken in Step 1. Here, most of the C and E is removed with the 

considerable loss of B. This step ends when xd,C<Cr1 where xd,C is the instantaneous mass fraction of C in the distillate, 

and Cr1 is the stopping criterion for Step 1. This fore-cut is incinerated. In Step 2, a second fore-cut with reflux ratio R2 

is taken. Since the pollutant concentration of the cut is still very high and there is a considerable amount of B in the 

second fore-cut, it is recycled to the next batch. This step ends when xd,C<Cr2. 

Step 3 is the main cut (B product) with reflux ratio R3. This step ends (because of the increasing xd,D) when 

xmc,B<0.9952 where xmc,B is the mass fraction of B in the main cut. In Step 4, an ac with R4 is taken to eliminate B from 

the still residue so that it can be sent to biological treatment. The ac has a considerable B content, and it is recycled to 

the next batch. Taking of the cut is finished when the B content of the still residue (xsr,B) becomes lower than 0.25%. 

 

CALCULATION METHOD 
The column contains 27 theoretical plates (including the reboiler and the total condenser) [1]. The top pressure is 1.013 

bar, the total pressure drop is 0.25 bar. The volume of the charge is 25 m3. Hold-ups: condenser: 0.45 m3, column: 0.05 

m3/plate. Reboiler heat duty (Qst=1800 MJ/h), provided by steam of 3 bar (heat of condensation: rst=2263.5 MJ/t). OF is 

the profit of a single batch.  
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𝑂𝐹 = 𝑝𝐵𝑚𝑚𝑐 − 𝑝𝑖𝑛𝑐𝑚𝑓𝑐1 − 𝑝𝑠𝑡
𝑄𝑠𝑡

𝑟𝑠𝑡
𝑡 

where: pB: price of methanol, 0.46 US$/kg, mmc: mass of the main cut, kg, pinc: price of incineration, 0.21 $/kg, mfc1: 

mass of Fore-cut 1, kg, pst: price of steam, 57.6 $/t, t: duration of the whole process, h. 

The optimisation problem is subject to the inequality constraints: 1: xmc,B≥0.9952, 2: xfc2,C/xfc2,B≤0.107, 3: 

xfc2,E/xfc2,B≤0.12, where xfc2,B, xfc2,C and xfc2,E are mass fractions of B, C and E in fc2, respectively.  

Constraint 1 guarantees the required purity of the product. Constraints 2 and 3 are needed to ensure that the organic 

pollutants C and E are not accumulated in fc2 so that it can be recycled to the next batch. The optimisation variables 

are: R1, R2, R3, and Cr1, Cr2. Influence of R4 on OF is negligible. As an example of the SMs, model of t is: 
𝑡 = 95.93 ∙ 𝑅1 + 16.04 ∙ 𝑅2 + 78.61 ∙ 𝑙𝑛𝑅2 − 0.89 ∙ 𝑒𝑅3 + 939.52 ∙ 𝑒𝐶𝑟1 − 3,59 ∙ 𝑅1

2 + 24.95 ∙ 𝑅3
2 − 4531 ∙ 𝐶𝑟1

2 
Reoptimisation is studied by using Maple where OF is optimised for different pB values between 0.4 to 0.6 US$/kg. 

Influence of pB on optimisation variables is studied. Model accuracy is calculated by comparing the OF value of SMs 

and the one obtained with simulation. (At the methanol price of 0.46 $/kg, Hegely et al. obtained: R1: 5.68, R2: 2.49, 

R3:3.09, Cr1: 0.2138, Cr2: 0.0255, OF: 493 $) 

 

RESULTS 
Influence of methanol price on the OF (a) and the optimal values of operational parameters (b) is as follows: 

 

 
 

On the increase of pB, Cr1 decreases, while R1 hardly changes. More fc1 is taken, which increases the cost of 

incineration. mfc2 decreases. The increase in Cr2 also contributes to the decrease of the mfc2. R3 and mmc increase. 

Due to the increase of  mmc, the profit becomes higher. OF increases from 490 to 1277 $ when pB increases from 0.46 to 

0.6 $/kg. Duration of the process increased from 2080 to 2158 min. In an extreme case (pB=0.60 $/kg), OF obtained 

from SMs and  simulation is compared to determine the model error which is low (1.6 $). OF is slightly underestimated 

by the SMs. OF is also calculated without optimisation for different pB values. Difference between the OF obtained 

without and with reoptimisation is small. 

 

CONCLUSION 

Surrogate models (SMs) were used to reoptimise the batch distillation (BD) of a a five-component azeotropic solvent 

mixture for different methanol prices (pB).The influence of pB on the operational parameters (R1, R2, R3, Cr1, Cr2) of the 

process was studied. Within the range studied, the increase of pB increased the profit. More first fore-cut and less 

second fore-cut are taken. Duration of the process also increased. Difference between the profit obtained without and 

with reoptimisation is small. 
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INTRODUCTION 

The velocity distribution and heat transfer improvement in a two-dimensional channel filled with a water–CuO 

nanofluid are numerically studied. The nanofluid flow is assumed laminar and one-phase with Newtonian behaviour. 

Pure water is considered as the base fluid, and water-CuO nanofluid with four different volume fractions of CuO 

nanoparticles is examined. A constant heat source–sink is considered to cover the entire length of the bottom wall of the 

channel while the upper wall is assumed thermally insulated. The control volume technique is used to discretize the 

governing differential equations, and the SIMPLE algorithm is used to solve the velocity-pressure coupling. A CFD 

simulation is applied to nanofluid flow utilizing ANSYS FLUENT to solve the governing equations of the flow. The 

effects of nanoparticle volume fraction on the heat transfer, velocity profile, wall shear stress, skin friction coefficient,  

and Nusselt number along the channel have also been examined. The results confirm that the volume fraction of 

nanoparticles plays an important role in heat transfer enhancement and hydrodynamic behaviour of the flow. The results 

are presented in figures and tables. 

The velocity distribution and heat transfer improvement of water-CuO nanofluid in a laminar 2D flow within a 

horizontal channel are investigated numerically in this study. The influence of the volume fraction on heat transfer, 

velocity, wall shear stress, skin friction coefficient, and Nusselt number have also been studied along the channel. The 

model is explained along with the governing equations that describe the model. The geometry generated, the mesh 

independency study, and the numerical solution method are presented. Finally, the results are presented. 

 

THERMOPHYSICAL PROPERTIES OF THE BASE FLUID AND THE STUDIED NANOFLUID 
As a function of the volume fraction, the thermal properties of the nanofluid are calculated. Therefore, the density, 

thermal capacity, viscosity, and thermal conductivity are estimated based on the concentration of nanoparticles in the 

base fluid [1]. thermo-physical properties for CuO-water nanofluid at different values of φ are presented in Table 1. 

 

Table 1 Thermophysical properties CuO-water at different values of φ [2], [3] 

Volume Fraction 

(φ) 
(1%) (2%) (3%) (4%) 

ρnf (kg/m3) 1053.218 1108.236 1163.254 1218.272 

Cpnf (J/kg K) 3956.96017 3754.264391 3570.74227 3403.796118 

knf (W/m K) 0.616623822 0.633557563 0.650809972 0.668390129 

µnf (N s/m2) 0.00102852 0.001054959 0.00108236 0.001110767 

 

MODEL DESCRIPTION 

The single- phase approach for solving the flow of nanofluid problem is adopted in this numerical study. In this 

approach the following assumptions are used: 

 The nanoparticles and the base fluid (water) are to be perfectly mixed and treated as a homogenous mixture. 

Moreover, the fluid phase and the solid particles are assumed to be in thermal equilibrium and move with the same 

velocity. 

 Steady, Newtonian, and incompressible fluid flow is considered. 

 Thermophysical properties of the nanofluid are assumed to be dependent on the volume fraction of the 

nanoparticles. 

 No-slip boundary condition is also considered on the walls. 

 

RESULTS 

Numerical results for the thermal boundary layers at different locations along the channel are presented. Figure 1 

depicts the impact of nanoparticle volume fraction on the temperature profile for CuO-water nanofluid flow at three 

different cross sections (X=0.1,0.5, and 2 m) along the channel. The Y-axis shows diameter of the channel while the X-

axis shows temperature. Thermal boundary layer thickness increases with an increase in the parameter φ which is 

nanoparticle volume fraction. Comparison of the temperature profiles for different nanofluid concentrations shows that 

CuO-water at 4% has the thickest thermal boundary layer. Therefore, it is observed that the nanoparticles change the 

flow and heat transfer characteristics and causes an increase in the thermal boundary layer. Moreover, the graph shows  
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that the temperature near the lower wall at cross section X=0.1m is around 475K while it rises to 650K and 950K at 

cross sections X=0.5m and X=2m, respectively. This is due to existence of a constant heat flux at the bottom wall along 

the channel when the nanofluid reaches the end of the channel, it receives more heat from the lower wall. However, the 

increase of temperature near the upper wall along the channel length is not as rapid as that of for the lower wall since 

the upper wall is thermally insulated and is receiving heat only from the nanofluid flowing inside the channel. 

 

 
Figure 2 Temperature distribution at different cross sections for different nanoparticle volume fractions 

 

CONCLUSIONS 
Nanofluid flow within a horizontal channel was numerically investigated using CFD simulation. The influence of CuO 

nanoparticles on water base fluid has been highlighted in this work. It has been examined how the velocity distribution, 

the wall shear stress, skin friction coefficient, the temperature distribution, and Nusselt number vary with volume 

fraction of the nanoparticles. The maximum velocity shows an increase with increasing volume fraction. It is obtained 

that the temperature increased with increasing the volume fraction of CuO everywhere along the channel. Moreover, it 

is observed that when the volume fraction increases, the wall shear stress and skin friction coefficient, and Nusselt 

number along the channel increase as well. The goal is to see how the concentration of nanoparticles affects the velocity 

and temperature profiles of nanofluid flow in a horizontal channel. Further study is recommended in the transition and 

turbulent flow for the same model. 
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The keen interest of chemistry is to utilize ultrasound in chemical reactions. Its physical background is the acoustic 

cavitation induced by ultrasonic irradiation. Due to the high amplitude acoustic waves, thousands of micron-sized 

radially pulsating bubbles are formed in the liquid domain. The collapse of the individual bubble can be strong enough 

to reach the temperature several thousands of degrees of Kelvin inside the bubble at the minimum radius [1]. This 

extremely high temperature is beneficial for various kinds of chemical reactions [2]. Despite the exhaustive research in 

the last decades, the biggest challenge of sonochemistry, which is to scale up the applications feasible for industrial size, 

is still unsolved. One of the main barriers of scalability is the attenuation of the sound wave [3] due to the high-density 

bubble clusters (acoustic shielding [4]). One of the possible solutions to overcome this difficulty is to control the 

position of bubbles in the cluster by manipulating the acoustic field. Acoustic manipulation methods provide unique 

contactless material handling in various applications, such as particle manipulation [5], pattern formation [6] and micro-

assembly [7]. Traditionally, acoustic manipulation devices create simple standing wave patterns on a surface, chamber, 

or channel. In a standing wave pattern, there are trapping points (e.g., pressure antinode) or lines, where the acoustic 

radiation force is zero. The interplay of acoustic radiation force and drag force drives the particles to these trapping 

points. By transforming the force field, either by controlling the phase or intensity of the transducers or by switching 

between resonance modes, the trapping points can be modified; thus, the position of the particles can be controlled. 

Despite its simplicity, acoustic manipulation methods have not been used to control the position of the bubbles in the 

clusters. The present paper aims to numerically demonstrate the possibility of bubble position control by using phase-

controllable ultrasonic irradiation. Thus, a numerical model that is capable to describe the coupled radial oscillations 

and translational motion of the bubble is applied. The radial oscillation of the bubble is described by the Keller—Miksis 

equation [8] 

(1 −
�̇�

𝑐𝐿
)𝑅�̈� + (1 −

�̇�

3𝑐𝐿
)
3

2
�̇�2 = (1 +

�̇�

𝑐𝐿
+
𝑅

𝑐𝐿

𝑑

𝑑𝑡
)
𝑝𝐿 − 𝑝(𝑥, 𝑡)

𝜌𝐿
+
�̇�2

4
, 

where 𝑅 and 𝑥 are the instantaneous bubble radius and bubble position; respectively. Furthermore; 𝜌𝐿 = 998 𝑘𝑔 𝑚3⁄  is 

the liquid density, 𝑐𝐿 = 1500𝑚/𝑠 is the speed of sound in the liquid and 𝑝(𝑥, 𝑡) is the local pressure at the bubble 

position. The dots stand for the derivatives with respect to time. 𝑝𝐿  denotes the pressure at the bubble wall, which is 

written as 

𝑝𝐿 = (
2𝜎

𝑅0
+ 𝑃∞) (

𝑅0
𝑅
)
3𝛾

−
2𝜎

𝑅
− 4𝜇𝐿

�̇�

𝑅
 

where 𝜎 = 0.0725𝑁/𝑚 is the surface tension, 𝜇𝐿 = 0.001𝑃𝑎𝑠 is the liquid dynamic viscosity and 𝑅0 is the 

equilibrium radius of the bubble. According to Doinikov [9], the equation of the translational motion is written as 

𝑅�̈� + 3�̇��̇� =
3𝐹𝑒𝑥(𝑥, 𝑡)

2𝜋𝜌𝐿𝑅
2
, 

where 𝐹𝑒𝑥(𝑥, 𝑡) is the external force acting on the bubble, which is the sum of the primary Bjerknes force 𝐹𝐵 =
−𝑉(𝑡)∇𝑝(𝑥, 𝑡) and the drag force 𝐹𝐷 = −12𝜋𝜇𝐿𝑅(�̇� − 𝑣𝑒𝑥(𝑥, 𝑡)). Note that 𝑉(𝑡) is the bubble volume, ∇𝑝(𝑥, 𝑡) is the 

pressure gradient of the acoustic field and 𝑣𝑒𝑥(𝑥, 𝑡) is the liquid velocity induced by the acoustic irradiation. 

The manipulation method presented in this paper is based on the principle that a standing wave is the superposition of 

two counter-propagating waves 𝑝𝑖(𝑥, 𝑡) = 𝑃0 cos(𝜔𝑡 ± 𝑘𝑥 − 𝜑𝑖) generated by opposing transducers. Here, 𝑃0 is the 

common pressure amplitude, 𝜔 = 2𝜋𝑓 is the excitation frequency, 𝑘 = 𝜔/𝑐𝐿 is the wave number and 𝜑𝑖 is the phase 

shift of the first or second component. Thus, the total pressure field can be written as  

𝑝(𝑥, 𝑡) = 𝑃𝐴 cos (𝑘𝑥 +
𝜑1 − 𝜑2

2
) sin (𝜔𝑡 −

𝜑1 + 𝜑2

2
), 

where 𝑃𝐴 = 2𝑃0 is the pressure amplitude of the standing wave. By varying the phase difference (𝜑1 − 𝜑2) between the 

counter-propagating waves the standing waveform can be altered in space. 

Two test cases are presented in Fig. 1, where the relative displacement 𝑥/𝜆 of the bubble as a function of the 

dimensionless time 𝜏 = 𝑡/(2𝜋/𝜔) is plotted. The blue, red and green curves are obtained for bubbles with equilibrium 

sizes of  40𝜇𝑚, 30𝜇𝑚 and 20𝜇𝑚, respectively. In both cases, the excitation frequency is 𝑓 = 25𝑘𝐻𝑧 and the 

pressure amplitude is 𝑃𝐴 = 1𝑏𝑎𝑟 (left) and 𝑃𝐴 = 1.3𝑏𝑎𝑟 (right). The dashed black curves denote the actual position of 

the pressure antinode, which is altered by varying the phase shift difference between the counter-propagating waves. In 

the first case (left), the antinode position is fixed at 𝑥/𝜆 = 0 for 1000 acoustic period, and the bubbles are initialized at 

position 𝑥/𝜆 = 0.1.  
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It is known that bubbles with a size below the resonance size corresponding to the excitation frequency are attracted by 

the antinode; thus, these bubbles approach the antinode located at 𝑥/𝜆 = 0. After the first 1000 acoustic cycles, the 

antinode is moved to 𝑥/𝜆 = 0.25, see the dashed black curve. This antinode shift is followed by these bubbles. In the 

second case, the antinode is moved between 𝑥/𝜆 = −0.5 and 𝑥/𝜆 = 0.5 according to a sine function. This acoustic 

field manipulation is followed by the bubbles also. 

 

 
Figure 1 Bubble position in terms of relative displacement as a function of the dimensionless time for bubbles with 

different sizes. The dashed black curves denote the actual position of the pressure antinode. 

 

Based on the results, the acoustic manipulation method is a feasible option to control the bubble position. However, in a 

real cluster, thousands of interacting bubbles are present; thus, further improvement of the model and investigations are 

required to seek control that can be feasible in practice. The adequate control of cluster structure can be an important 

advancement to face one of the biggest challenges in sonochemistry. which is to scale up the production feasible for real 

industrial applications. 
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This study presents the results of finite element simulations based on different variations of the flow curve of DC04 

automotive thin sheet. Nowadays the importance of sheet metals in the industry is increasing. Many sheet forming 

technologies are used every day with one very important input parameter being the flow curve. The most common 

method for flow curve definition is the tensile test, which is not reliable for high strains due to the necking 

phenomenon. For this reason, we used compression test as well, that resulted two-or- three magnitude higher strains 

than in case of tension test. The aim of our research is to investigate how different flow curve equations affect the 

variation of sheet thickness in cupping tests. In order to exclude other influencing factors in the experiment, both the 

sheet material and the geometric properties of the specimen, as well as the external state factors were considered to be 

the same in all cases. The finite element simulations were performed using Simufact 2021.1 software. 

As mentioned before, an accurate knowledge of the flow curve for the material is a prerequisite for running finite 

element simulations. The Hockett-Sherby equation [1]: 

 

𝜎 = 𝜎𝑠 − exp(−(𝑁𝜀)𝑝) (𝜎𝑠 − 𝜎𝑦) 
 

was used in the simulation environment, which is well-known and used worldwide among other theories related to the 

stress strain behaviour of metallic materials. The equation includes four material parameters such as the yield strength 

(σy) and the saturation stress (σs). In the first case, using data obtained purely from tensile testing, the flow curve 

equation for the DC04 sheet metal was determined. In the second case, we complemented our tensile test results with 

results obtained from compression test. This resulted in a flow curve covering a larger range of deformation, with an 

equation that differs from the flow curve obtained from the tensile test. Figure 1 shows the flow curves obtained with 

both tensile and compression test. 

 

 
Figure 1 The flow curve of the DC04 thin sheet 

 

 The input parameters for both cases are described in Table 1. 

 

Table 1 The input parameters used for the simulations 

 σy σs N p 𝜀 
Tensile 240 456 8,60 0,89 0,20 

Compression test 240 450 7,56 0,96 0,88 

 

As an example, simulation results can be seen in Figure 2. The initial element size was 1,4 number was 6744 type was 

hexahedral and Coulomb friction model was estimated with the value of 0.12. Forming limit curve was considered as 

the failure criterium obtained by literature results and Hill’48 yield criterion using the average Lankford coefficient was 

applied. The validation of the simulations is in progress, however this study deals with the comparison of the numerical 

results only. 
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Figure 2 Finite element simulation of cupping test 

 

It can be observed according to our results (Figure 3) that the two curves are almost identical, however an essential 

difference can be spotted at the zone of double necking. 

Observing Table 1, it is clear that there is a difference of about 10% for the N and p factors. In the range of the double 

necking where the plate is thinned, there is also a difference of 10% with a good approximation. 

 

 
Figure 3 The change of thickness 
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It is a well-know fact that ultrasound is suitable for detecting material defects and cracks. Conventional manual-type 

tests would be very tedious during a series production and would be too time-consuming and subjective. In the 

Hungarian Acoustic Industrial Diagnostic Laboratory at the University of Dunaújváros. we deal with nondestructive 

material testing, so we test solid products, components or even complete systems without damaging them.My 

Colleagues developed an ultrasonic scanning system with a unique examination method. The biggest advantage of 

which is that the results will be free of subjectivity and reproducible. In addition, I would like to present the most 

important problem.  

In our laboratory, we deal with non-destructive material testing, so we test solid products, components, or even 

complete systems without intervention, even during operation. One of the most suitable methods for examining the 

internal structure of materials is ultrasonic examination, in which the body to be examined is illuminated with sound 

beams that are in the ultrasonic range. Traditionally, this test was performed manually moving a test probe by a person 

who specialized in it. In our laboratory, however, my colleagues are developing an automated scanning method for 

these manual tests, which allows us to perform more stable movements with smooth progress, resulting in much more 

repeatable measurements. 

 

 
Figure 1 The main components of Scanning Ultrasound equipment 

 

An ultrasonic head is fixed into a multi-axis actuating mechanism to scan the object to be examined (Fig.1.). During the 

scan, measurements are performed with a predetermined step resolution, to which the current coordinate points are 

added. To perform the measurements, we use an Olympus-branded ultrasonic measuring device, which produces one 

dimensional ultrasonic images for each for each coordinate points and transmits them to a computer. From the 

collection of these results, we can construct two-dimensional diagrams and three-dimensional pictures.  

During the examinations, it is possible to observe what happens when the ultrasound and the examination surface don’t 

close a 90 degrees angle with each other (Fig.2.). 
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Figure 2 B-image with angle error 

 

You can see the angle error on the second image. This is important problem, because all the defects will move in the 

material because of angel error and we will get an incorrect results. 

 

REFERENCES 

 

[1] László Koroknai: Design and Construction of a Leveling Table for Scanning Ultrasonic Testing Equipment, 

University of Dunaújváros, Dunaújváros, 2021.  

[2] László Koroknai: Porosity test on a machined surface using a camera method, University of Dunaújváros, 

Dunaújváros, 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 

10-11 November 2022, Debrecen, Hungary 
____________________________________________________________________________________________ 

__________________________________________________________________________________ 
60 

 

TUBE-TO-TUBE JOINING BY FORMING 

 
1KOVÁCS Péter Zoltán, 2JÓNÁS Szabolcs 
1Department of Materials Science and Technology, Faculty of Mechanical Engineering, University of Miskolc, Hungary 

E-mail: metkpz@uni-miskolc.hu  
2Department of Machine and Product Design, Budapest University of Technology and Economics, Hungary 

E-mail: jonas.szabolcs@gt3.bme.hu  

 

Keywords: tube joining, joining by forming, FEA 

 

ABSTRACT 

Several technologies have been developed for joining tubes. In this study an innovative technology has been shown, 

which is purely using metal forming process. The technology is using the phenomenon of plastic instability. In this 

study the tool design phase for the further experimental tests is shown by finite element analyses. 

 

INTRODUCTION 

There are several different methods to join tubes as welding, gluing or threaded connections. The present study is 

dealing with an innovative technology for tube joining from the FE simulation point of view. The goal is to find a 

proper tool geometry for tube joints. The basic phenomenon of the presented technology is the plastic instability. In 

recent studies the technology is introduced as a challenging way of joining of tubes, although the benefit of the 

technology is dissimilar materials can be joined together and cost effective compared to other methods [1][2][3]. A few 

variants have been developed, however in this study we are dealing with the most basic one, the axial joining. 

 

MATERIALS AND METHODS 

The main goal is to determine a proper tool design for joining tubes by plastic forming. The first decision is to define 

the diameter, wall thickness, and the length of the tubes, so far, the available ones at the University of Miskolc is 100 

mm in length with the outer diameter of 32 mm and 1.5 mm of wall thickness made by aluminium alloy. 

For the simulations the applied material was the EN AW-5754 type of aluminium alloy, for which the flow curve is 

measured, and extrapolated according to the Hockett-Sherby material law for higher strain regimes (Figure 1). The 

applied FE simulation software was the MSC.Marc/Mentat 2019 Academic. Due to the geometry, the model is 

considered as axisymmetric. The applied boundary conditions and the FE mesh can be seen in Figure 2. The chamfer of 

the tubes is 70° in all cases; however the forming load is highly depending on it. 

 

 
 

Figure 1 Flow curve of the EN AW-5754 Figure 2 FE model and mesh distribution 

 

The investigated parameters of the tools are the distance between the dies, the depth, and the width of the grooves. The 

frictional condition in between the tubes and the tools are also analysed.  

 

RESULTS 

The force-displacement curves and the residual geometry for each design variants are compared and evaluated in order 

to determine the final tool design for the experiments. The process of the joining simulation can be seen in Figure 3. 
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Figure 3 Joining process 

 

A typical force-displacement curve for the process is presented in Figure 4. The joints’ geometrical parameters 

which are the basics of the comparison can be seen in Figure 5. The Table 1 and 2 show the numerical results of the 

simulations. 

 

 
 

Figure 4 Force-displacement curve Figure 5 Joint geometrical parameters 

 

 

Table 1 Effect of the tool design on the geometrical parameters 

 x1 [mm] x2 [mm] z [mm] Fmax [kN] 

h50b10c1.5 5.91 5.17 4.83 30.7 

h45b10c1.5 5.27 4.63 4.16 29.4 

h40b10c1.5 4.97 3.70 3.26 27.3 

h50b5c1.5 6.05 6.46 6.27 31.1 

h50b15c1.5 5.39 5.40 3.06 33.06 

h50b10c2 5.42 4.32 4.19 31.8 

h50b10c2.5 4.32 3.36 2.08 31.9 

 

Table 2 Effect of the friction coefficient on the geometrical parameters 

µ x1 [mm] x2 [mm] z [mm] Fmax [kN] 

0.1 6.05 6.46 6.27 31.1 

0.3 6.15 6.40 6.88 37.2 

0.5 6.15 6.40 6.43 40.9 

0.7 6.15 6.39 6.42 41.3 
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Additive manufacturing is one of the most rapidly growing industry of our time, which includes all kinds of rapid 

prototyping and manufacturing methods, or in a more widespread way, 3D printing. The name is based on the decision 

of the ASTM F42 committee, to distinguish it from conventional crafting methods, which are based on the subtraction 

of material to reach the final shape of the product. In this way, the shape is only being formed by material addition [1]. 

The 3D printing process of metals evolved from both conventional powder metallurgy and polymer-based additive 

manufacturing, and by today it is capable of making parts, with a high-level of complexity, which would require 

extreme preparations otherwise, in a relatively short period of time. However, the 3D printing machine operates on 

higher energy levels, and more sensitive to the purity of the base material, thus it is still more expensive than the 

conventional counterparts. 

To ensure the quality of a 3D printed metal part, the simplest and cost-effective way is to test them by creating tensile 

test specimens [2][3]. This way we can gather information about the strength and ductility of materials under uniaxial 

tensile stresses. This data can be compared to other alloys, printing orientations and methods. The key to this type of 

measurement is that it is easy to replicate, and fast to measure, also the diversity of the deployed specimens can be used 

to gain information in various forms. Typical tensile specimen types are shown in Fig.1. 

 

 
Figure 1 Different types of tensile test specimens used by our measurements: A) Rectangular specimen B) Round 

specimen C) Modified, small-sized rectangular specimen 

 

As Fig 1. shows, regarding additive manufacturing, size and shape does not matter. All kinds of specimens can be 

created, and these samples can be customized in any desired way. 

The goal of this study is to show that during 3D printing, size, shape, orientation, and layer creator is an extremely 

critical factor, in a product quality point of view. Additive manufacturing is a rather powerful tool, however not 

omnipotent, overseeing the production and setting an optimal printing job is also a huge part of the process. Also, it is 

one of the weaknesses, because in most cases if something goes wrong during the production it means immediate 

failure, which is not desired in a cutting-edge environments. 
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To have a good comparison of the 3D printing we used the same alloy, namely 17-4ph stainless steel powder, we only 

modified the specifications of the tensile test specimens, as shown in Fig. 1. We also modified the thicknesses, and 

surface area to measure that how the mechanical properties change regarding these modifications. 

While making these modifications, it was also important, that we have information about the inner stresses, which build 

up during the 3D printing process. Additive manufacturing is highly susceptible to residual stresses, which can be 

harmful for future use. To determine these stresses, we used X-ray diffraction (XRD) on different specimens, which is 

shown on Fig. 2. 

 

 
Figure 2 XRD measurement of a rectangular tensile test specimen 

 

The results then were collected and compared with the datasheet values, made from the same material’s specimens, with 

conventional manufacturing methods. 
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In my project I designed a device to clamp a custom workpiece for press machining. My chosen component is a 

protective cover for a switch sensor. The purpose of the protective cover is to protect the sensor foil inside the coverage 

part from dirt, foreign materials  and oil leakage. The product is currently running in test production, so there is no final 

fixture, as the shape, size and material of the product. It can change at any moment, so there is no possibility to use a 

fixed mould (e.g. cast mould) for fixing due to changes, it would be too time consuming and expensive to change it 

every time. As a first step, I modelled the part using Solid Edge software and then I printed with Ultimaker 3D printer. I 

printed out 3 alternatives, showing that the properties of the product can change during the manufacturing process, so 

the 3 models changed in geometry and material as well. 

 

 
Figure 1 Clamping device with the product 

 

It is important that the clamping device is properly fixed so that the pressing can be done without breaking, destroying 

or deforming the workpiece. I design the fixtures using the Alufix system, which is a precision modular clamping 

system for clamping reproducible workpieces. I chose the Alufix system because when product properties change, I can 

easily disassemble the fixture and assemble a new one in seconds. I imported the Alufix parts in Solid Edge, then 

assembled the fixture there and I performed finite element simulation on the assembled clamping device and product 

with the appropriate press values and the result showed that the press can be performed perfectly under the given 

conditions. After the evaluation, I performed the pressing on all 3 models and both visually and in terms of compression 

force, there were clear differences, which can easily represent how we can improve the final product to be perfect. 
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Figure 2 Pressing test results 

 

After the pressings were done, I prepared production documentation (parts list, assembly instructions) for the 

production technicians and SWI (Standard Work Instruction) for the operators to assemble correctly and use the 

equipment properly. 

Overall, the implemented device is suitable for the implementation of the press. The aim of my research is to investigate 

how effective the Alufix system is in the production of a custom part sample and to use these results to design a 

permanent device for series production. 
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DESCRIPTION OF FOREST CABLEWAY  

Forestry cableways are cable transport equipment used in forestry operations for wood collection operations (see Fig.1). 

They are used to collect wood in hard-to-reach, steep and remote areas. These installations are composed of power units 

placed on sleds that serve to move them by self-traction to the place of operation. 

 

 
Figure 1 The basic drawing of the sleigh-type cableway 

 

I. Loading scenarios:  

Lifting into working position  

The scenario tries to determine the constraints and loads for the static analysis in case the funicular group is self-

propelled uphill to be taken to the work location. The soil is modeled to create the mathematical model: Constraints: 

sliding contact on the sole of the sled with the ground; cable end blocked; solidification contacts between welded 

components; sliding contacts without friction in bearings (radial or axial); gear sliding contacts. Loads: on the ground 

plane, in the direction opposite to the direction of the cable Friction force:  

𝐹𝑓 = µ · Gn =0.35· 24,000 N = 8,400 N 

distributed over the entire surface of the two skis; in the ground plane, in the direction opposite to the direction of the 

cable Tangential gravitational force Gt=23,000 N, (see Fig.2). 

 

 
Figure 2 The scenario of lifting into working position 

 

II. Brake support in the absence of the traction cable  

The scenario tries to determine the constraints and loads for the static analysis if the cableway group rests on its brakes 

(hoe) when the cable is disconnected. It is important that the funicular is stable (does not roll back). The soil is modeled 

to create the mathematical model:  

Constraints: sliding contact on the sole of the sled with the ground; solidification contacts between welded 

components; sliding contacts without friction in bearings (radial and axial); gear wheel sliding contacts; embedding the 

brake (hoe) in the ground  

Loads: In the center of gravity, the tangential component of the weight of the funicular Gt=23,000 N; in the ground 

plane, in the direction opposite to the direction of the cable tangential gravitational force Gt=23,000 N, (see Fig.3). 
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Figure 3 Braking scenario without traction cable 

 

III. Lifting the maximum load  

The scenario tries to determine the constraints and loads for the static analysis in the situation where the cableway group 

is fixed in the place of exploitation and pulls the maximum load including the weight of the traction cable considering 

an overload factor 2. Th To calculate the tension in the cable, the angles formed between the cableway's drum and the 

cable must be considered: inclined 30° to the longitudinal plane of the funicular group and 20° upwards. The soil is 

modeled to create the mathematical model:  

Constraints: sliding contact on the sole of the sled with the ground; ground group connection embedment contacts; 

solidification contacts between welded components; sliding contacts without friction in bearings (radial or axial); gear 

sliding contacts.  

Loads: vertically downwards in the center of gravity, the normal component of the gravitational force Gn= 66,000 N; in 

the ground plane opposite the projection of the load, the friction force 8,400 N, (see Fig.4). 

 

 
Figure 4 Maximum load lifting scenario 
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The need to evolve the behavior of advanced sandwich structures is forcing the industry to investigate new design 

approaches for these types of structures. Honeycomb sandwich composites are ideal alternatives instead of traditional 

materials such as metals in aerospace and automotive industries. Using the Artificial Neural Network (ANN) technique 

in this study provides an effective model for the structural design of honeycomb sandwich composite structures. The 

data for training ANN were obtained by combining the equations applicable to sandwich structural elements with the 

Monte Carlo algorithm. The functional relationship between the design and output variables was then established using 

the BackPropagation (BP) neural network. The face sheets of the sandwich structure were constructed as a Carbon Fiber 

Reinforced Plastic (CFRP) composite laminate with a cross-ply layup; furthermore, the core of the sandwich structure 

was an aluminum (Al) honeycomb core. The sandwich structure dimensions length and width (l, b), the applied load 

(p), the core density (c), and the total deflection limit (δReq) specified by the designer were all input variables. The 

output of the neural network included the core thickness (tc), face sheet thickness (tf), core safety factor (SFC), and face 

sheet safety factor (SFF). The results demonstrated that ANN is capable of accurately predicting the design parameters 

of sandwich structures. The ANN model provides a reduction in effort and time in the design and redesign of sandwich 

structures. 

  

PURPOSE AND METHODOLOGY OF THE RESEARCH  

The components of the investigated sandwich structure are laminated CFRP face sheets and a low-density AL 

honeycomb core bonded with adhesives as it can be seen in Fig.1. The core layer provides high stiffness and load 

bearing capacity with relatively low weight [1-2]. ANN has been identified as one of the outstanding techniques for 

modelling complex nonlinear relationships. ANN is a bioinspired computational approach that mimics human brain 

behavior and learning. This method does not require explicit knowledge of the physics phenomena being investigated. 

However, it relies entirely on the historical input-output data set (example set) to establish the relationship between the 

data through the training process. The main aim of the research is to develop a novel model that can predict the design 

variables of the sandwich structure based on the desired deflection limit. This model can be referred to as a reverse 

design approach [3].  

 

 

 

 

(a) Sandwich structure’s dimensions (b) Loading and boundary conditions 

Figure 1 The investigated sandwich structure 

 

APPLICATION OF ARTIFICIAL NEURAL NETWORK MODEL  

In our research the FeedForward Back-propagation Network (FFBN) was chosen because it is often used to solve 

complex problems [4]. In FFBN, the network learns the relationship between the data in the input and output layers 

through a training process that consists of several steps depending on the training algorithm used. During our research 

the Levenberg-Marquardt (LM) training algorithm was used. When using the LM algorithm, training is done in three 

phases: Training, Validation and Testing. Therefore, the input data were randomly divided into three groups: 70% for 

training, 15% for testing, and 15% for validation. In this study, the number of hidden layers was 3 layers, and the 

neurons were 12, 5, and 5 with (tansig) transfer functions in the respective three layers. The linear transfer function 

(purelin) is used in the output layer. The input and output data used in the creation of ANN are shown in Fig.2. 
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Figure 2 Neural network structure design model of the investigated sandwich structure 

 

RESEARCH RESULTS 

The performance of the elaboration ANN model can be investigated by comparing the analytical solution with ANN 

prediction. Fig. 3 compares the values of a core thickness (tc) and face sheet thickness (tf) obtained from the analytical 

model with those predicted by the model ANN. It shows that the results of the model ANN agree very well with the 

analytical values. Therefore, the neural network model exhibited good predictive ability with high accuracy, which 

increases our confidence in its use in further analysis, especially when using neural networks in sandwich structure 

optimization problems. 

 

 
Figure 3 ANN prediction for some of the design points  

 

The present study was conducted to investigate the application of artificial neural network technique to build a novel 

ANN prediction model to predict the structural design parameters of honeycomb sandwich composites based on 

deflection limits. We began by solving analytical equations organized by the Monte Carlo algorithm to obtain the 

required data set.  

The research represented an advance in the design of sandwich structures with lower computational cost and reasonable 

accuracy. In this context, the designer has to select the dimensions, load value, core density and maximum deflection of 

the sandwich structures. While, the proposed intelligent model is able to predict the core thickness, the thickness of the 

face sheets, and the safety factors of the honeycomb core and face sheets. In conclusion, this model has the potential to 

go a step further in elaborating sandwich structure optimization problems. 
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The complexity of the road transport system – elements of the transport infrastructure, traffic density and on-board 

systems of the vehicles – imposes an increasing cognitive load on drivers. This is especially true for bus drivers 

working in public transport. The increasing physical and mental strain can cause a decrease or loss of attention, which 

poses a high traffic safety risk. Professional bus drivers’ working conditions mainly differ from private vehicle users. 

Complex driving circumstances, and operations conditions are responsible for work stress and fatigue. The main 

reasons are complicated driver cockpit interfaces, irregular working hours, disruptive passenger behavior and the need 

of traffic adaption [1]. 

The advanced driving aid systems (ADAS) are partially suitable to replace the driver's active intervention in certain 

emergency situations. At the same time, it can be observed that in the case of ADAS and autonomous vehicles, if the 

computer is unable to handle the given emergency situation, it "returns" driving and responsibility to the driver [2]. 

Therefore, a detailed examination of the human factor within the human-machine relationship is still extremely 

important. Examining the driver's attention level provides an opportunity to apply effective accident prevention steps 

and/or interventions. Furthermore, the progressive ergonomic design of increasingly complex vehicle onboard systems 

and interfaces also help to keep attention, control, and concentration [3]. 

The aim of the investigation of the driver's attention during present work is to assess the elements and effects of the 

cognitive load with the sensors temporarily installed in the vehicle and detecting the driver's activity, considering on-

board instruments and interfaces. 

 

LITERATURE 

The literature examines this topic in extremely diverse perspective. The appearance of sleepiness at bus drivers is a 

critical area of traffic safety. Participants were tested by simulating long driving distances with the help of a simulator, 

and the degree of drowsiness (ORD) was evaluated on a 4-point scale. The automated elements of the monitoring 

system detected the signs of drowsiness but could not adequately filter out all critical situations and the author predicted 

the need for further tests [4]. 

Our test method planned to run on a public road and/or a closed track (not in a simulator), so we must operate with 

sensors that do not interfere with driving. A research team analyzed wearable and non-contact based sensor systems. In 

addition, the driver's cognitive load level was deduced from the analysis of the vehicle data. After synchronizing the 

data, the analysis was done using software, and the classicization was done with an artificial intelligence (AI) supported 

system. The results showed that the reliability and accuracy of the camera monitoring is superior to that of the sensors 

placed on the driver. So, in a real driving environment, these sensors and their systems can be used safely [5]. In order 

to involve more participants and examine real world situations less wearable sensors should be used. 

A multi-participant survey, in which truck drivers were examined, included Maintenance of Wakefulness Tests (MWT). 

The apnea phenomenon was present among the half of participants, and it became clear that it is also necessary to 

measure other effects related to sleep and alertness [6]. The NHTSA characterized driver distraction of four categories: 

visual distraction (e.g. looking away from the road); auditory distraction (e.g. responding to a ringing cell phone); 

biomechanical or manual distraction (e.g. manually adjusting the radio volume); cognitive distraction (e.g. being lost in 

thought) [7]. 

 

EXPERIMENT 

The data collection involved the vehicle – currently operating bus used in urban transport –, and operator – the bus 

driver. During the static examination of the vehicle, a structured assessment of the design of the driver's compartment 

and the controls was carried out. During the (test) operation, the operating method, control processes and typical 

environmental effects, planned and unexpected situations were identified. Two drivers were involved in the pilot test, 

and in-depth interview was conducted. The driver's cognitive load was examined on a 15 kms long city/suburban 

(80%/20%) route carried out in Debrecen, Hungary, with random traffic and simulated, low-rate passenger flow. Quite 

accurate tracking of the driver's gaze was possible with the eye-tracking glasses of the Pupil-Labs [8, Fig. 1]. Light-

shadow changes of the environment and reflections caused medium level of accuracy in the recording of raw data, but 

these can be eliminated in post processing. Three compact GoPro cameras were used to record the exterior views: one 

gave a forward view (looking on the dashboard and windshield); two had direct view of the driver (side, front-low). 

Professional 4G/GPS based data logger made possible to record vehicle telemetry and position data. 
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Figure 1 Eye-tracking software analysis with Pupil Player 

 

RESULTS 

The conscious perception or working memory usage and the distraction of the driver's attention are increased in urban 

traffic, due to the vehicle's complex signaling, control and communication interfaces, as well as the presence of the 

external environment (passengers, noises) of constant and variable intensity [9]. In the case of our experiment manual, 

visual and auditory, cognitive distraction was detected and simulated, in real world circumstances. The speciality of the 

urban bus driver distraction is the combination of visual and auditory distraction when communication with the 

passenger is in progress. More attention is needed when approaching and leaving bus stops and managing boarding and 

disembarking of passengers.  

Our research work was focusing on monitoring driver behavior by using advanced wearable sensors, and using camera 

technology, in combination of telemetry data and in-depth interview. The experiments are showing that complex and 

multimodal distraction elements and human behavior effects make the measurement concept and methodology hardly 

definable, thus further optimization is required. If driver behavior, situation awareness and attention could be monitored 

and registered precisely, accident prevention could be set on higher level. Advanced camera technology and AI based 

post processing, later real-time processing methods are to be developed for achieving the best bus drivers’ monitoring 

results. 
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Two questions arise during the simulations. The first one is the method of simulation the second is the accuracy of the 

model parameters. A vehicle was modelled by using Matlab Simulink. This model has several submodels, which were 

created with little information available. To bridge this gap some restraints were required. In this article, a solution was 

introduced for creating a submodel of an electric motor by using Matlab Simulink. For a later optimization task, it is 

important to simulate the efficiency map of the BLDC motor because, in this way, the location of the optimum can be 

authentically demonstrated. If the physical motor is available, what is simulated, there is an opportunity to measure the 

efficiency map. R. Wang and his colleagues measured the driving and braking efficiency map of a pure electric ground 

vehicle [1]. This method is unavailable to us, so another solution must be used. H. Patel and H. Chandwani simulated a 

BLDC motor in Matlab Simulink and verified it [2]. The detailed simulation of the electric motor gives odds to get a 

higher accuracy but for this, it is necessary to verify the simulated model. Without this, it is just an unnecessary 

computation capacity-guzzler. The combined FEM simulations also have too much simulation time. A good example of 

this can be seen in the research of R. Caramia and his colleagues [3]. The goal is to create a flexible submodel that can 

be easily modified and can be run quickly. In the book of L. James and L. John can be found a simple method to 

parameterise the electric motor losses based on the physical base [4]. This method helps us model a series of BLDC 

motors. Table 1 contains the main parameters of created motor series. 

 

Table 1 Main parameters of created motor series 

Maximum torque Maximum power 

60 Nm 20 kW 

100 Nm 40 kW 

150 Nm 60 kW 

200 Nm 80 kW 

250 Nm 100 kW 

 

A framework in Matlab was used for the test which represents a measuring bench. This framework in addition to the 

motor, it also contains the battery, DC/DC converter, speed controller, inertial moment load, and sensors. Figure 1 

contains this framework and the motor. 

 

 
Figure 1 Created framework and the electric motor 
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It was used the follow equations to calculate the losses, and the efficiency of motor [4]. 

ηm =
outputpower

optputpower + losses
=

T ∙ ω

T ∙ ω + kc ∙ T
2 + 𝑘𝑖 ∙ 𝜔 + 𝑘𝑤 ∙ 𝜔3 + 𝐶

 

Where: 

kc [
𝑊

𝑁𝑚2] – copper losses coefficient 

ki [
𝑊
𝑟𝑎𝑑

𝑠

] – iron losses coefficient 

kw [
𝑊

(
𝑟𝑎𝑑

𝑠
)
3] – windage losses coefficient 

C [W] – constant power losses 

T [Nm] – motor torque 

ω [
𝑟𝑎𝑑

𝑠
] – motor speed 

 

The aim of this research is to tune these parameters to generate efficiency maps will similar like a catalogue efficiency 

map. The generated maps were shown in Figure 2. 

 

 
Figure 2 Generated efficiency maps  

(Maximum torque 60 Nm and maximum power 20 kW on left, 

Maximum torque 250 Nm and maximum power 100 kW on right) 
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In the current work, we investigate the convection and radiation heat transfer in a small space as shown in Figure 1, we 

study two types of wall roughness, triangular and circular, and compare them with the wall without roughness, then we 

study their effect on the thermal environment of the closed space. We use ANSYS Fluent simulations to do the thermal 

and dynamic modeling of the two-dimensional cavity, where the left wall is warmer than the right wall, but the upper 

and lower horizontal walls are adiabatic as shown in Figure 2. We compare the Nusselt numbers in both roughness 

cases and for two values of the Rayleigh number 104 and 106 shown in Table 1, which change depending on the 

characteristic length of the cavity. The results show the temperature contours and Nusselt number curves. In general, it 

was observed that the roughness had a strong effect on the thermal behavior of the air inside the closed cavity, where 

the Nusselt number decreases in both cases of roughness, but the largest decrease occurs in the case of triangular 

roughness and for angles less than 90, which leads to a decrease in the amount of total heat transfer. 

 

 
Figure 1 Diagram (3D) of the geometry.  

 
Figure 2 Schematic diagram 2D of the enclosures with boundary conditions.  

The Rayleigh number:                                
3g TW

Ra





  

The total Nusselt number:                          tot rad convNu Nu Nu   
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Table 1 Depending on the characteristic length W, Rayleigh numbers. 

Ra Width (W)  cm Height (𝐻) cm 

104 2.1 2.1 

106 9.7 9.7 

 

One of the results concluded that in the case of radiation with emissivity ε=0.4 and for both Rayleigh numbers 104, 106,  

the total Nusselt number of circular rough is smaller than traingular with angles bigger than 90° as shown in Figure 3. 

 

 
Figure 3 Comparing the tNu  according to the type of roughness surface in case of ε = 0.4 and for Rayleigh number 104 

 
Figure 4 Temperature contours for circular and triangular roughing at the angle 72 °. 

The effects of the roughness type can be explained by looking at the temperature contours as shown in Figure 4, where 

we notice the effect of the roughness on impeding the flow of air, especially inside the rough elements. 

 

REFERENCES  

 

[1] Iyi, D., & Hasan, R. (2015). Natural Convection Flow and Heat Transfer in an Enclosure Containing Staggered 

Arrangement of Blockages. United Kingdom: ELSEVIER,ScienceDirect. 

[2] Altaee, A. H., Ali, F. H., & Mahdi, Q. A. (2017). Natural Convection Inside Square Enclosure Containing 

Equilateral Triangle with Different Orientations. Babylon: Journal of Babylon Univ ersity/Engineering Sciences/ 

No.(4)/ Vol.(25): 2017. 

[3] Kane, M. K., Mbow, C., Sow, M. L., & Sarr, J. (2017). A Study on Natural Convection of Air in a Square Cavity 

with Partially Thermally Active Side Walls. Dakar, Senegal: Open Journal of Fluid Dynamics , 7, 623-641. 

[4] Thakur, S., & Kumar, S. (2016). Impact Of Radiation Models In CFD Simulations Of Natural Convection Heat 

Transfer In A Side Heated Square Cavity. INDIA: International Journal for Research in Applied Science & 

Engineering Technology (IJRASET). 

 

 

 

 



INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 

10-11 November 2022, Debrecen, Hungary 
____________________________________________________________________________________________ 

__________________________________________________________________________________ 
76 

 
EXAMINATION OF HYDROLYSIS-RESISTANT POLYKETONE AND ITS APPLICATION 

POSSIBILITIES IN THE INDUSTRY 

 

POLYÁKNÉ KOVÁCS Annamária, TAMÁSI Kinga, SZABÓ Tamás József  
Hungary Ceramic and Polymer Engineering Department. University of Miskolc, Hungary 

E-mail: kovacs.annamaria.uni@gmail.com , polkinga@uni-miskolc.hu , polsztam@uni-miskolc.hu  

 

Keywords: polyketone, glass fiber, hydrolysis, chemical resistence, polyamide  

 

The polyketone is a very promising engineering plastic wich is very enviroment-friendly since carbon monoxide is also 

used during production. Polyketone belongs to the group of high-performance plastics, a type of material with a 

partially crystalline structure and excellent technical properties. Several types of composites are known: without 

reinforcement, - graphite, carbon and fiberglass, and a variant containing a combination of these. It is also used in the 

aerospace, nuclear and chemical industries. In the automotive industry, the replacement of metals with plastic is still 

current. Today, this is encouraged not only by increasingly strict regulations on fuel consumption and weight reduction, 

but also by the greater freedom in terms of design and shapes, as well as the reduction of production costs, which can be 

achieved by using plastics. Many types of reinforced plastics and composites are used in the automotive industry. By 

combining different base polymers and reinforcing fibers, the desired mechanical and other properties can be well 

adjusted. 

 

 
Figure 1 Chemical formula terpolymer polyketone [1] 

 

Among my tests was the moisture absorption test, which I carried out for 500 hours and 70 °C / 62 % relative humidity. 

The evaluated results are illustrated in Figure 2. There are polymers capable of absorbing moisture (1- 5% by weight) 

that affects their properties (e.g. polyamides, polyesters, natural polymers, some fiber-reinforced composites). These 

polymers are called hydrophilic polymers. Moisture has a softening effect, i.e. it reduces the modulus of elasticity, 

strength and increases the elongation at break [2]. 

 

 
Figure 2 Moisture absorption 500 h 70 °C / 62 % rel. humidity [2] 

 

Chemical resistance test: During the above test, I examined and compared the chemical resistance between polyamide 

and polyketone. After 25 days at 80 °C, it is clearly visible that the yield stress in the case of polyamide was 

significantly reduced under the influence of all media. In all cases, the polyketone showed almost the same value as 

after reaction with the solutions, as shown in Figure 3. 
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Figure 3 Comparison of the yield stress of Polyketone and Polyamide after reacting in different chemical solutions 

 

VW TL 52682 test : Ethylene glycol is used as cooling water that removes heat from the environment in applications 

such as radiator end tanks, cooling pipes, oil filters, gas caps and expansion tanks. The most important parameter to 

consider when choosing the materials used in these critical components is the component aging in the presence of 

ethylene glycol at temperatures between 120-140 °C. Therefore, appropriate material selection is the most important 

requirement for cooling system applications. [3.] 

Test parameters:  

- Temperature: 135 °C  

- Coolant: G12evo/water (50/50)  

- Requirement: Flexural strength after 1000 hours > 25 MPa 

 

 
Figure 4 Examination of the change in flexural strength based on VW TL 52682 test in g12evo/water medium 

polyketone and polyamide 

 

During the VW TL 52682 test, the most important requirement is that after 1000 hours the bending strength reaches a 

minimum of 25 MPa. Figure 4 shows that the polyamide specimen has just reached the desired value after 1000 hours. 

The polyketone produced an even higher value after the test time than the result measured after 500 hours. [4.]  
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Monitoring air quality is extremely important regarding environmental protection and human health protection. For this 

reason, gases have become the defining quantities to be measured in industrial and domestic activities. From an 

examination point of view, the possible places of the flow of air pollutants into the environment should be 

distinguished.  

A typical source of air pollution from industrial work is the point source [1], a source with concentrated parameters, 

mostly high chimneys and vents located at power plants and industrial sites. A gas concentration measuring device 

installed here can calculate the volume flow of the outgoing gas stream and the concentration of air pollutants, and 

thusly the number of harmful components entering the environment can be determined from the data. The authority 

orders continuous measurement and data recording if the emitted pollutant concentration regularly exceeds the limit 

value. The sensors' task in concentration measurement is to provide an electrical signal proportional to the 

concentration, received by an evaluation instrument and converted into a readable signal, accompanied, where 

appropriate, by an acoustic and visual sign. To measure the concentration of gases belonging to the group of volatile 

organic compounds (VOCs), the following measuring sensors are widely used: photoionization meter (PID), infrared 

gas concentration meter, flame ionization (FID) device, sensor operating on the principle of catalytic combustion, and 

occasionally metal-oxide (MOS) sensors. 

In our research, we had to propose continuous and online measurements of the concentration of ethanol, methanol, and 

ethyl acetate released into the environment in the fermentation technology of an industrial alcohol-producing distillery. 

Table 1 shows the pollutant concentration values and mass flows measured by the control authority at the point source 

of the distillery at a given time. The environmental protection limit values for both concentration and mass flow are 

given in the table. The indices in concentrations and mass flows refer to the serial number of the measurement. 
 

Table 1. Measured and limited values of VOCs measured in point source 

 

The values marked red in Table 1 exceeded the permissible limit. It can be seen that the concentrations are around very 

low values. Thus, an effective concentration meter is necessary for their continuous monitoring, even at low values. 

Based on official regulations, calculations, and available data, the expectations and conditions for the measuring device 

are summarized in Table 2.  

The table does not contain recommendations and specifications for the installation and maintenance of the instrument, 

so the list of requirements should be supplemented by the following: 

• Regular preventive maintenance of the measuring systems shall be carried out by the operator at the frequency 

specified by the manufacturer. 

• The measuring system must be operated so that it prevents unauthorized access and changes in results. 

• The control calibration of the measuring instruments belonging to the continuous measuring instrument must be 

carried out annually. After the commissioning, conversion, or repair of measuring devices and measuring systems, a 

control calibration must be carried out in all cases, which can also be carried out on-site. 
 

 

 

 

 

 

 

Components Limit values  Values measured at the point source 

 
c 

mg/m3 
�̇� 

kg/h 

c1 

mg/m3 
�̇�1 

kg/h 

c2 

mg/m3 
�̇�2 

kg/h 

c3 

mg/m3 
�̇�3 

kg/h 

1. methanol  100,0 2 2,93 0,025 0,85 0,053 20,22 0,097 

2. ethanol + ethyl-acetate  150,0 3 265,95 2,261 341,83 2,123 323,39 1,552 

3. methanol + ethanol + 

    + ethyl-acetate  

150,0 3 268,88 2,286 342,68 2,176 343,61 1,649 
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Table 2. List of requirements for instrument selection 

No. Appellation Depiction Value 

1. Measured 

components 

methanol,  

ethanol 

ethyl-acetate 

CH3OH  

C2H5OH 

C4H8O2 

2. Accuracy instrument sensitivity 0,1 ppm 

3. Sampling averaging  

multiple measurements 

~5 min 

4. Measured 

parameters 

concentrations: 

1. methanol 

2. ethanol 

3. ethyl-acetate 

minimum range: 

0-100 mg/m3    0- 77 ppm 

0-150 mg/m3   0-80 ppm 

0-150 mg/m3    0-42 ppm 

5. Alarm At exceeded limit value  >77ppm (metanol) 

>80 ppm (etil-alkohol) 

>42 ppm (etil-acetát) 

6. RH% relative humidity 0-100% 

7. Auditing audited instrument Type-Approval Certificate  

 

In Hungary, gas analyzers and dust measuring devices used for measuring air pollution and air pollution levels, suitable 

for continuous measurement, must have a type of approval certificate [2]. By studied the list of type-approved 

instruments [3] can be classified into the following areas of application: 

 Continuous concentration measurement devices for flue gas emissions from combustion equipment, waste 

incinerators, and other power plants. 

 Equipment for continuous measurement of the PM10 and PM2.5 fractions of airborne dust in ambient air. 

 Stationary emission sources (stoker power plants, waste incinerators, and other power plants) emission meters. 

 Measurement of ambient air components. 

 Multi-component emission measuring systems. 

The type list of 220 instruments offered few options for measuring volatile organic compounds with such a low 

minimum limit of measurement. Two devices were selected from the list that meets specific criteria, these are the SICK 

MCS100 FT and the ABB ACF5000. They provide continuous monitoring, not only for organic gases. The 

disadvantage of their application is that they cannot be used in the case of gases with saturated or near-saturation 

humidity content, which in this case is prevailing at the point source. The relative humidity can be reduced, but this 

requires the installation of an additional unit, which makes the measurement process more expensive. 

In the case of the examined components, the instruments aggregate the VOC concentration in the gas stream, so other 

components are also included in the final concentration value. No instrument fully meets the requirements in the list of 

instruments with a type approval certificate. Therefore we also looked for instruments that are not on the list but can be 

found commercially. Infrared, PID, FID, and the catalytic principle are what can measure the required alcohol 

concentrations in the smallest possible measurement range. During the search, we found that there is no adequate 

instrument that, in addition to the low measurement limits, could continuously measure the concentration of each 

component in a gas stream saturated with humidity. Thus, it could be a solution if the National Authority for 

Environment and Nature Conservation does not request the concentration of each component separately but prescribes 

the limit value in total VOC because there are already audited measuring devices for this case. 

 

ACKNOWLEDGEMENT 

This work was supported by the Hungarian Scientific Research Fund (NKFIH FK-142204). 

 

REFERENCES  

 

[1] Endre D. D., „Levegőtisztaságvédelem” (Air quality protection), p. 247. 

[2] W. K. H. Kft, „6/2011. (I. 14.) VM rendelet a levegőterheltségi szint és a helyhez kötött légszennyező források 

kibocsátásának vizsgálatával, ellenőrzésével, értékelésével kapcsolatos szabályokról - Hatályos Jogszabályok 

Gyűjteménye”. https://net.jogtar.hu/jogszabaly?docid=A1100006.VM (08/23/2022). 

[3] „OLM - Típusjóváhagyási (korábban: Típusalkalmassági felülvizsgálati) igazolással rendelkezdő gázelemzők és 

pormonitorok (2002-2021)”. http://www.levegominoseg.hu/tipuslista (08/31/2022). 

 

 

 

 

 



INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 

10-11 November 2022, Debrecen, Hungary 
____________________________________________________________________________________________ 

__________________________________________________________________________________ 
80 

 

CHARACTERISTIC FUNCTIONS OF A BATCH, CONVECTIVE DRYING  

 

POÓS Tibor, SZABÓ Viktor, RASHED A. Rashed 

Department of Building Services and Process Engineering, Faculty of Mechanical Engineering, Budapest University of 

Technology and Economics, Hungary 

E-mail: poos.tibor@gpk.bme.hu , szabo.viktor@gpk.bme.hu , rashed@edu.bme.hu   

 

Keywords: convective drying, drying rate, drying periods 

 

By graphing experimentally established rates of drying 𝑁 versus the solid's moisture content 𝑋, the drying kinetics are 

assessed (Doran, 2013). A drying rate curve is the end outcome, as seen in Figure 1/d. The drying material's size, 

thickness, and drying conditions all impact how the drying rate curve looks. Moreover, constant drying conditions, such 

as constant air temperature, flow rate, humidity, and flow direction, are used to determine drying rate curves. However, 

under constant drying conditions — which only apply to the gas phase — the moisture content and other solid 

properties change (Doran, 2013), which defines the steady state. It may be thought of as remaining constant throughout 

the whole drying process. Internal heat and moisture diffusivities substantially impact the process during the period of 

falling drying rate. Therefore, it is also important to determine these coefficients. 

Figure 1 shows the drying rate curve with constant drying conditions of three cases for different initial solid material 

temperatures represented by A, B and C curves based on lower initial temperature to wet bulb temperature and the 

higher initial temperature according to constant drying conditions. The solid material have a significant water content 

once drying gets started. The first water to evaporate after a warming-up comes from the wet solid's surfaces that are in 

direct touch with the air stream passing across them, represented on the drying curve as the initial period (I) as shown in 

Figure 1. The temperature of the drying material approaches the equilibrium temperature while cooling or heating, 

where the wet bulb temperature is formed, represented in Figure 1/b of the drying operation where the three curves of 

A, B and C meet. This period can usually be ignored because it is the shortest in thorough drying. 

The surface remains saturated with water if water is supplied via mass transfer from within the solid to the surface at a 

fast enough rate. A period of constant drying rate is represented by the second period (II) of Figure 1. Heat and mass 

transfer occur at the surface of the solid during the constant drying rate period because the surface is continuously 

moist, allowing free water always to be accessible for evaporation. As a result, the material's external gas boundary 

layer is where the heat and mass transfer resistances are placed. In contrast, the wetted mass in means of the moisture 

content of the particle will keep decreasing with time, as shown in Figure 1/a and 1/c of the second period (II). Under 

constant drying conditions, the heat and mass transfer coefficients on the gas side are constant. It should be noted that 

the constant decrease in the material's vapor diffusivity at the surface layer causes the transport coefficients on the gas 

side to vary likewise during this time. 

A critical moisture content 𝑋𝑐𝑟 , is attained with further drying as the solid's water content declines, as shown in Figure 

1/c, which depicts the beginning of the third period (III). At this moment, the process enters the period of falling drying 

rate in the third period (III) of Figure 1, and the drying rate starts to slow down. A change in the system's mass and/or 

heat transfer conditions can be seen in the decrease in the drying rate below 𝑋𝑐𝑟  at the beginning of the falling drying 

rate period. There is no longer a continuous or almost continuous liquid coating at the surface of the solid during the 

initial stages of the falling rate period as the drying surface becomes partially unsaturated. This would be the last stage 

of drying over time. Here comes the fourth period of the drying curve (IV) until the surface is completely dry where the 

three curves go to the maximum drying point. Still, before this, the evaporating surface effectively moves deeper into 

the material as drying progresses as a solid layer of dried material accumulates at and then below the surface, requiring 

heat to be carried by conduction to the remaining water farther inside the solid. The heat transfer rate decreases over 

time because the dried solid near the surface is often a poor heat conductor. 

The drying rate of the fourth period (IV) decreases, and the process is known as hindered drying or diffusion, as internal 

resistances restrict heat and mass transfer entirely. Consequently, the material's temperature rises to a level equivalent to 

the drying gas's inlet temperature 𝑇𝐺 . Up until it gets close to the equilibrium moisture content 𝑋𝑑𝑃, where the material 

dries at an ever-slower rate. The solid's moisture content declines even more. This is the lowest moisture content 

produced at the drying process's chosen temperature and relative humidity at the end of the fourth period (IV). 

The drying curve 𝑁 of each different initial temperature of the three cases has one drying rate curve after the end of the 

first period (I), which is seen in Figure 1/e. 

When the drying rate curves are calculated for a given material under various conditions, they appear to be 

geometrically similar. They are only a function of how much drying has taken place (Mujumdar, 2006). 

All these curves may frequently be approximated to a single curve, or "characteristic," as shown in Figure 1/f. of a 

particular substance if they were normalized with respect to the beginning drying rate and average moisture content. 

To calculate the characteristic drying rate:   

 𝑓 = 
𝑁

𝑁𝑐𝑜𝑛𝑠𝑡

 (1) 
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and the characteristic moisture content: 

 
𝛷 =

𝑋 −𝑋𝑑𝑃
𝑋𝑐𝑟 −𝑋𝑑𝑃

 

 

    (2) 

 

 
Figure 1 Drying curves of a batch, convective drying for constant drying conditions of three cases for different initial 

solid material temperature: a) change of the wet mass of the material with drying time, b) change of the temperatures 

with drying time, c) change of the material’s moisture content with drying time, d) change of the drying rate with drying 

time, e) change of the drying rate with moisture content on wet basis, f) change of the characteristic drying rate with 

characteristic moisture content 
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PROBLEM STATEMENT 

Most oil fields around the world have achieved the stage where the total production rate is nearing the decline phase. 

According to the International Energy Agency (IEA), crude oil is expected to contribute approximately with 26% of the 

world’s energy supply by 2040. Nanoparticles (NPs) have the potential to profoundly change EOR and to improve 

mechanism of recovery. 

Although application of (NPs) has proven an effective role as an agent to recover more oil trapped in the reservoir, the 

necessity of their modification with some additives for improvement oil recovery is not fully highlighted yet. There is a 

lack of fundamental understanding- from view of some studies- about the efficiency of surface-modified nanoparticles 

in Enhancing Oil Recovery. In addition, the nature of the interactions that occur between these surface-modified NPs 

and the porous media in the oil fields is still a thorny issue. Therefore, this paper reviews the most recent studies related 

to the effect of surface-modified NPs on Enhance Oil Recovery and their interactions with rock properties and reservoir 

fluid. 

 

OBJECTIVE 
The objective of the current research is to know the effect of surface–modified NPs in EOR. Particularly, the study has 

the following sub-objectives:  

 To clarify the effect of surface-modified NPs on the efficiency of oil recovery. 

 To show the difference between efficiency of surface- modified NPs/and unmodified NPs in EOR. 

 To know the mechanism underlies effect the surface – modified NPs on EOR. 

 To understand the interactions among surface–treated NPs, rock properties and reservoir fluid. 

 

RESEARCH SIGNIFICANCE 

The significance of this paper is to show how the use the surface-modified NPs can achieve higher results in the oil 

recovery, unlike the unmodified ones. This can lead to achieve better oil recovery. This study also will try to clarify the 

importance of modifying NPs before they are injected into reservoir to overcome the limiting conditions of the 

reservoir, such as pressure, temperature, and salinity, which prevent NPs from achieving more oil recovery. 

 

RESEARCH QUESTIONS 

The research is conducted to answer the following questions: 

 What are the challenges that limit the use of NPs in EOR? 

 Do the surface-modified NPs assist to meet reservoir conditions to improve oil recovery?  

 Is oil displacement by surface- modified NPs more efficient than using unmodified NPs? 

 What are the mechanisms leading to increase oil recovery by surface-modified nanofluids? 

 

CONCLUSION 

This study reviewed the summary of previous studies on the effect of surface-modified nanoparticles on the enhanced 

oil recovery. Based on these studies results the following conclusions can be drawn: 

(1) Surface-modified nanoparticles have more oil recovery efficiency than unmodified ones 

(2) The mechanism underlies this effect is that the modification of the nanoparticles in the surface helps to change 

the properties of the injected fluid. 

(3) Modifying the nanoparticles before injecting, makes them more stable and thus the results more effective. 

(4) Surface-modified nanoparticles are more capable in the reduction of IFT and the alteration of wettability. 

We recommend conducting further studies and expanding the laboratory experiments, taking into consideration the 

necessity of linking them in field applications. 
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Table 1 Summary of Studies on Oil Recovery Using Surface- Modified Nanoparticles 
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Surface roughness is a strong quantitative indicator of manufacturing precision and wear of machine parts due to 

irregular operation, i.e., excessive friction, heat and electric current conduction, tightness of contact joints, and 

positional accuracy [1]. However, precise surface roughness measurement for characterization of wear in rotating 

machine parts, arising from lack of lubrication and misalignment, is difficult and often time-consuming. In this work, 

surface roughness parameters of two 21 cm spline shafts made of alloy steel through plain milling technology were 

measured using a profilometer OPT surface roughness measurement machine, and the findings were utilized to identify 

the capacity of a high-tech 3D scanner tool, the GOM 3D metrology high precision scanner, in identifying the 

manufacturing precision of those shafts. The profilometry was completed by traversing a 2-µm chisel stylus at 0.5 mm/s 

on the top and side surfaces of the spline shafts teeth (Figures 1 and 2). In total, 12 surface roughness parameters were 

measured from the data, including eight amplitude parameters, one spacing parameter, one hybrid parameter, and two 

material ratio parameters. The roughness and spacing parameters provided information on the teeth’s shape profile, 

while the material ratio parameters detailed the potential wear.  

 

     
Figure 1 (left) Top surface and (right) left- and right-hand surfaces of the [specify material name] spline shaft, where 

profilometry was completed 

 

    
Figure 2 OPT surface roughness measurement machine 

 
Table 1 Average roughness, Ra comparison for top and side surfaces of both shafts 

Ra (µm) 

 

Teeth 1 2 3 4 5 6 

Shaft 1 Top 3,232 3,220 3,095 3,122 2,960 3,096 

 Side 1,503 1,629 1,627 1,794 1,860 1,354 

Shaft 2 Top 3,920 3,117 3,510 3,703 4,304 3,556 

 Side 1,307 1,689 1,854 1,536 1,600 1,789 

 

Shaft-2 showed an overall higher surface roughness amplitude compared to shaft-1 highlighting better manufacturing 

precision (Figure 3).  However, the average roughness of the side surfaces of the teeth (for both shafts) was 

significantly lower compared to the top, which could be attributed to the high-precision machine tools used for 

machining the tooth profile. This is also indicative of the less-used state of the shafts. 

 

 

 

mailto:atosiroy@mailbox.unideb.hu
mailto:bodzassandor@eng.unideb.hu


INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 

10-11 November 2022, Debrecen, Hungary 
____________________________________________________________________________________________ 

__________________________________________________________________________________ 
85 

 

 
Figure 3 Comparison of the roughness amplitude parameters hinted at better manufacturing precision of Shaft-1; Polar 

plot of (a) average, (b) maximum, and (c) root-mean-square roughnesses of Shaft-1 and Shaft-2 

 
Also, in order to determine the manufacturing precision of the spline shafts, they were scanned using a sophisticated 

and high-tech 3D scanner, and the deviation was compared to the standard CAD model of the shafts. Initial results show 

that surface roughness measurements can be used to improve the accuracy of manufacturing.  
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The importance of nanomodifications in technology development has been growing, especially in development of new 

generation of tools. The development trend of precision and ultra precision machining clearly shows that we are dealing 

with up to few tens of nanometers in size. Therefore, depth of modification of tools should be between 30-100nm. We 

will give some preliminary results of investigations of possibilities of nanomodification by Kr ion implantation. 

This is simply the result of the technology development trend set by Taniguchi [1]. According to this reference, 

nanometer accuracy has already been achieved in ultra precision machining. Tool lifetime depends directly on the 

surface phenomena which occur during exploitation, mainly on adhesive and abrasive wear. 

 

 
Figure 1 Trends in precision machining by Taniguchi [1] 

 

If it is taken into account that ultra precision tools require nano modifications in the range of 100nm, ion implantation 

appears to be not only the most appropriate technique, but the only possible solution having in mind the type of 

machining, type of tools, as well as type of exploitation conditions. Ion implantation was believed to be a revolutionary 

surface treatment called to solve many wear and corrosion problems of metallic tools and components [2]. Krypton ions 

have been implanted in steel substrates using mVINIS Ion Source. The mVINIS Ion Source shown in Figure 2. The 

mVINIS Ion Source is an ECR (electron cyclotron resonance) ion source with multiple applications. 

 

 
Figure 2 mVINIS Ion  Source as a complete heavy ion injector 
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In our work we had used two different types of steel. The reason was that these steels have different machinability due 

to the difference in steel structure caused by the different percentage of carbon and alloying elements present. The base 

of the 100Cr6 steel is consisted of uniform martensite so we decided to present only these results in this paper.  The 

stopping of ions in a material as uniform as steel 100Cr6 will be on a different depth comparing to the material with a 

non-uniform structure like for example high speed steel - M2. 

In this paper Kr8+ ions with the energy of 120 keV and Kr11+ ions with the energy of 180keV were used. The Krypton 

spectrum is shown in Figure 3. 

 

 
Figure 3 Krypton spectrum 

 

The results of friction coefficient measurements are presented in the table 1. Two different loads were applied and 

significant differences in friction coefficients were obtained. Results presented in the table 1 are average values of 

several measurements. Hard metal was used as a counter material during measurements. 

 

Table 1. Friction coefficients 

Steel Friction coefficient μ, F=10N Friction coefficient μ, F=100N 

100Cr6 0.035 0.09 

100Cr6 implanted with Kr8+ 0.02 0.062 

100Cr6 implanted with Kr11+ 0.03 0.075 

 

On the basis of presented results, several conclusions can be drawn: 

1. Ion implantation of Kr can decrease surface nano roughness of cold working steel 100Cr6, however results depend 

on the Kr ion energy. 

2. Friction coefficient depends on applied load and significantly depends on type of applied Kr ions and their energy.  
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A significant negative of electrical discharge machining technology using a wire tool electrode is relatively low 

productivity, as well as the overall efficiency of the process. It is influenced by a whole range of accompanying 

phenomena [1]. The main accompanying phenomenon that participates in the decrease of the overall economic 

efficiency of electrical discharge machining are microgeometry errors, which occur due to the inhomogeneity of the 

electrical discharge process [2]. Another negative accompanying phenomenon are errors in the geometric accuracy of 

the machined surface, as a result of the frequent destruction of the wire tool electrode, faulty interpolation during its 

guidance and, last but not least, its vibrations. These aspects subsequently lead to the requirement of multiple 

application of additional finishing cuts, which significantly reduces the overall economic efficiency of the machining 

process. These reasons led us to conduct experimental research with the aim of defining the possibilities for achieving 

higher overall efficiency of the production process through WEDM technology. 

 

 
Figure 1 Experimental samples made by WEDM technology 

 

Electrical discharge machining technology has extraordinary potential in the field of electrothermal process, mainly due 

to the possibility of achieving high quality of the machined surface [3]. In addition to the tool electrode, the selection of 

a suitable combination of the main technological and process parameters also plays a significant role in the quality of 

the machined surface and the productivity of the machining process. With their appropriate combination, it is possible 

to achieve not only high quality of the machined surface but also high production productivity. However, this task is a 

relatively demanding and complicated task in the conditions of electrical discharge machining technology due to the 

presence of a large number of process input parameters. Therefore, it is important to carefully prepare the machining 

process, which includes the choice of a suitable type of tool electrode, for the specific quantitative and qualitative 

requirements of the entire machining process [4,5]. As part of the experiment, a wire tool electrode with the trademark 

BEDRA MEGACUT type pro TWO was used. It is a second generation brass wire electrode. This electrode brings 

longer maintenance free machining cycles, ensures maximum safety of operation even in demanding typical serial 

production conditions and brings high tolerances for modern closed wire routing. The experimental samples were made 

of tool steel EN 40CrMnMoS8-6 (W.Nr.1.2312) using an Agiecut Classic 3S electroerosive machine. It is a tool steel 

that is supplied hardened and tempered with a tensile strength of 880-1080 MPa as standard. This tool steel can also be 

nitrided and has relatively good polishability. It is often used for the production of tools for processing plastics, but also 

for the production of molds for pressure casting. The surface roughness parameters Ra and Rz were measured on 

experimental samples with a diameter of 40.0 mm made by a full roughing cut and subsequent three finishing 

operations. These were recorded using a contact roughness meter Mitutoyo SJ 400.  
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Figure 2 Qualitative and quantitative parameters of experimental samples made by WEDM technology 

 

Based on the graphical dependencies shown in fig. 2, it can be concluded that the overall shortest WEDM time was 

recorded for a full roughing cut, and conversely, the operation consisting of a full roughing cut and three finishing cuts 

took the longest. At the same time, it can be observed that the best surface quality was achieved with the machined 

surfaces with a full roughing cut and three finishing cuts, and on the contrary, the worst when applying the operation 

with one full roughing cut [6]. Therefore, the choice of an acceptable quality level of the machined surface after WEDM 

is very important. Any unjustified qualitative increase in the level of the machined surface in terms of roughness 

parameters of the machined surface leads to an increase in the total production time, which has a very adverse impact on 

the overall economy of the cut [7]. At the same time, from the point of view of the objectivity of the comprehensive 

evaluation of the quality of the machined surface versus the economic efficiency of its production, it is necessary to 

focus further research on their mutual optimization.  
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The growing qualitative and quantitative requirements for the machining of products with complex shapes from 

difficult-to-machine materials lead researchers to search for new alternative solutions through which relatively 

favourable results can be achieved in their machining [1]. Well, it's not always an easy task. Moreover, in combination 

with the requirement of the complexity of the shape of the machined surface, only a limited number of production 

technologies are able to fulfill this condition [2,3]. Therefore, due to the high demands placed on current modern 

production and the required high standard of the machined surface, progressive electrical discharge machining 

technology is increasingly being used. And it is through this progressive technology that it is possible to achieve 

relatively good success in the machining of hard metals [4]. The aim of the contribution was therefore to describe in 

detail the results of experimental research aimed at comparing the achieved roughness of the eroded surface after 

electrical discharge machining depending on the specific properties of the machined material.  

 

 
Figure 1 Carbide specimen machined through progressive electrical discharge machining technology 

 

The primary goal when machining hard metals is to achieve the required quality level of the machined surface while 

simultaneously maintaining high production productivity. All of this, of course, also taking into account the economy of 

the electrical discharge process itself. The experimental research carried out was therefore aimed at comparing the 

qualitative indicators of the machined surface in terms of roughness parameters when machining selected types of hard 

metals using wire electrical discharge machining (WEDM) technology [5]. Despite the fact that carbides can be 

machined relatively effectively with electrical discharge machining technology, certain problems are associated with 

their machining. The most significant problem is the electrical conductivity of cobalt, which exceeds that of tungsten 

[6]. Thus, the cobalt binder in tungsten carbide erodes earlier, while the carbide particles fall out of the base material 

during electroerosion without melting. It follows that the amount of cobalt binder determines the speed of 

electroerosion, and at the same time, the amount of applied energy during machining determines the intensity of 

removal of the base material. Three types of hard metals were used in the experiment, namely K10F, K06F and 

Ti6Al4V. Experimental samples were made on an AgieCharmilles CUT 20P electrical discharge machine. A brass 

coated wire with a diameter of 0.25 mm and a tensile strength of 900 N.mm-2 was used as a tool for making 

experimental samples. Using the AgieCharmilles CUT 20P electrical discharge machine, 15 mm long cuts with 

different surface roughness were made on K10F, K06F and Ti6Al4V carbide samples. In total, three variants of the 

settings of the main technological and process parameters were applied to each type of carbide, thus achieving three 

qualitative levels of the machined surface in terms of roughness parameters. The measurement of the quality indicators 

of the machined surface in terms of roughness parameters of the machined surface of the experimental samples was 

carried out using a Mitutoyo SJ 400 contact measuring device. 

 

 
Figure 2 Electrical discharge machine AgieCharmilles CUT 20P on which experimental samples were made 
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The results of experimental measurements of roughness parameters during machining of hard metals with designations 

K10F, K06F and Ti6Al4V using WEDM technology with identical settings of the main technological and process 

parameters are shown in Table 1. 

 

Table 1 Measured values of the surface roughness of the cuts made on experimental samples made of  

carbide K10F, K06F a Ti6Al4V   

Measured surface roughness values (Ra a Rz) of cuts 

Type of material 
1st cut 2nd cut 3rd cut 

Ra (μm) Rz (μm) Ra (μm) Rz (μm) Ra (μm) Rz (μm) 

K10F 2.05 13.47 1.39 8.17 0.32 2.09 

K06F 1.87 11.47 1.06 6.92 0.30 1.97 

Ti6Al4V 2.73 16.48 1.96 12.73 0.75 5.14 

 

Based on the results of the experimental measurements, it was found that even with the identical setting of the main 

technological and process parameters, the best quality of the eroded surface of the samples was achieved when 

machining the K06F carbide, and for all three quality cuts. At the same time, the lowest value of the roughness 

parameters Ra=0.30 μm and Rz=1.97 μm was achieved at the 3rd cut. On the contrary, the worst quality when 

machining Ti6Al4V carbide was achieved in the 1st cut with the value of the roughness parameters of the eroded 

surface of the samples Ra=2.73 μm and Rz=16.48 μm. On the basis of the experimentally obtained data, it can be 

concluded that even with identical settings of the main technological and process parameters in electroerosive 

machining with a wire electrode, when the type of machined material is changed, the quality of the machined surface 

differs in terms of surface roughness parameters Ra and Rz. Therefore, further research needs to be focused on finding 

the causes of these differences in the quality of the machined surface after WEDM in terms of roughness parameters. 
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INTRODUCTION 

The article aims to briefly summarize the design aids which can be used nowadays, such as topology optimization and 

generative design, which are common in integrated CAD systems. A case study is used to present the results and 

comparisons provided by the previously mentioned methods. In case of designing machines and structures, the design 

task can be accomplished in different ways. These methods include the continuous development of the steps of design 

methodology developed in the last century. Various procedures and techniques related to the University of Miskolc play 

an important role in terms of machine design [1], [5] - [7]. Each design method has its own advantages and 

disadvantages, but the most appropriate one is determined by the qualification of the design staff and the type of task in 

question. The process is greatly influenced by its resource requirements, although efforts must be made to maintain the 

technical and technological level of the present age and to create the best use of it. It can be observed that in many areas 

of industry, the proportion of human labour is decreasing compared to the work of machinery and other means of 

production. This is inherent in the development process, in the hope of which we can provide a solution to a given task 

faster, more accurately and, if necessary, at less cost. A system where one merely communicates information and makes 

decisions while the equipment is working, seems to be a favourable way. Similar processes are taking place in the field 

of product design, thanks to the generative design module that became widespread in integrated CAD systems, as it 

serves as an example of the philosophy mentioned above. Design engineering is limited to provide accurate information 

and select from the results obtained. 

 

THE SELECTED COMPONENT 

The case study demonstrates the design of a component made up of simple geometric elements using design methods, 

such as generative design, provided by the present age. 

 

 
Figure 1 Modified model of the reference part. 

 

The initial part, which is a console, is screwed to a specific plane. A load can be hung in the mortise in the part, so the 

console is subjected to tensile stress. The part is fixed to the horizontal plane with four screws and during the test, it is 

assumed that the screw connection used is suitable to withstand the resulting stress states. 

A hook or pin can be inserted into the hole in the bottom of the part. In order to make the results comparable, a 

preliminary finite element simulation is performed on the initial workpiece, so that the load capacity of the part 

becomes known. For finite element analysis Autodesk Inventor was used. During the test the maximum stress and 

maximum displacement arising under the load was searched. The point of attack of the load force and its direction were 

recorded on the part. Based on the geometric properties of the component, the direction of the specified load is 

considered critical. The load can be stated as static, the magnitude of which is 50 [kN]. The design of the part continues 

with the definition of the fixing points, which have been defined on the surfaces of the holes. The material selected 

during the operation was 1.4125(440C) stainless steel.  
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The software gives the option of specifying a plane of symmetry or minimum meshing settings, the appropriate 

selection of which can reduce the calculation time. It is worth to mention that many materials and manufacturing 

technologies can be selected, so the number of solutions is quite large. It is advisable to filter the various solutions as 

soon as possible [8] – [11]. If the generation of solutions starts in a certain direction, it should be treated as a 

component, so after opening the result of iterations on that logical thread can be treated as a possible solution. It is 

possible to monitor the stress state, which allows obtaining information concerning the mechanical properties of the 

given iteration results without further investigation. 

 

 
Figure 2 Results of the generative design process. 

 

The course of the generation resulted in three components shown in Figure 2, during which the software mapped two 

hundred and thirty iteration steps, each of which is a complete component, after which the most suitable variant was 

selected. The program has a built-in comparison function in which different conditions can be assigned to each 

coordinate axis and the program is capable of evaluating every solution. 
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INTRODUCTION 

Engineering design is intended to produce an acceptable result to a formulated problem both technically and 

economically. Before manufacturing a physical prototype, the part pre-inspected in a virtual context, the end of which is 

to reduce time and costs. This way is called virtual prototyping, which can be related to the parallelization of methodical 

design [1,2,3]. Likewise, additive manufacturing now is an arising technology that can be considered the next industrial 

revolution. In fact, the use of this technology is projected to expand steadily [4,11]. Compared to traditional 

manufacturing technologies, additive technology offers lesser design freedom for both prototype and finished products 

and doesn't bear precious tools and molds. Likewise, computer-aided design CAD technologies, similar as generative 

design, can further extend the applicability of additive manufacturing. Generative design tools are also showing growth 

and expansion in numerous areas of the industry. The main CAD system providers have also developed their own 

generative design systems, conforming to the trends [5,6,10]. Interactive design seems to connect with different 

engineering cultures [7].  Considering the freshness of additive manufacturing and generative design technologies, the 

methodology is presently allowed to be deficient. This paper seeks to answer the following research question (RQ): how 

effectively can the generative design methodology be applied to an appropriately designed part based on the methods 

explored? 

 

THE BASIS OF THE STUDY 

 

The case study in this article is based on a previous competition development proposal, the main theme of which is an 

experiment in the development of chassis components for vehicles. The study aims to reduce the weight of the 

components in case of the wheel suspension system. In case of vehicles designed for racing, this demand is even more 

emphasized as increasing the acceleration potential of the vehicle can be understood by increase of the traction force 

and/or reduce of the mass. The chosen topic may be appropriate for several reasons to examine the applicability of the 

given design method, as the role of mass reduction, especially the reduction of unsprung masses, is particularly 

important in case of vehicles designed for racing. The expected attributions can be provided by the chassis if the parts 

are rigid enough. The individual connection points were determined during the entire chassis design, which are located 

on different planes and axes capable of each other, which can generate complex and spectacular results. 

 

THE SELECTED COMPONENT 

The 3D model of the part under consideration was designed on the base of traditional design styles. The raw material of 

the element is 6061 aluminum with a density of 2.7 [g / cm3], a yield point of 275 [MPa] and a tensile strength of 310 

[MPa]. The overall size of the stump stand is 280x150x60 [mm] and the weight of the current design is 1.25 [kg]. The 

indicated axis can be manufactured using traditional cutting operations. The entire element features cuts, and pockets, 

which are said to be the tools of traditional design and manufacturing methodologies. Generative design is a design 

process in which an algorithm optimizes the shape of the element for a particular boundary condition. The design of the 

shape is not a manual design task. The developer determines the functional boundary conditions of the part, adds it into 

the software, which calculates the shape of the optimized part according to the specified criteria during iteration 

processes [6, 10]. Lately, several papers have been devoted to the description of generative design processes [8, 9], on 

the base of which the outlined task is answered. 
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Figure 1 Steps of the generative design process [9]. 

 

It is advisable to carry out the design process step by step on the basis of the indicated flowchart, as this is the only way 

to get an effective result based on preliminary exploration. The presented case study in the paper is answered in the 

Generative Design Support module of the Fusion 360 Integrated Design System. Examination of the installation 

environment of the chassis parts is analysed in the Design Module, while the mass optimization task is performed using 

the Generative Design Module and the final check of the results can be carried out in the Simulation Module. 
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Almost every scale in thermal engineering requires performance optimization to lessen energy demand. The possibility 

of using pulsating flow for water cooling was investigated both experimentally and numerically. The abstract and the 

presentation that is made for the conference summarize the work published in the previous study [1]. The experiments 

were conducted below a 60 mL∙min−1 flow rate and frequencies of 3.3, 4, 5, 6.6, and 10 Hz. The flow rate and 

temperatures were monitored while the solenoid valve was actuated and cooled with thermoelectric coolers. The 

observations were recreated using commercially available software (Ansys Fluent 2022R1) that can do large-eddy 

simulations with associated thermal modelling. Thermal boundaries were formed by employing a constant input 

temperature and iso-flux conditions. The numerical and experimental findings were compared and analysed. The results 

demonstrate that the Nusselt number of the investigated pulsating flow was lower than the Nusselt number of the 

constant flow scenarios at the equivalent averaged flow rate. 

The lumped heat capacitance model was assessed for the iso-flux scenario. 

Because the convective heat transfer coefficient is not constant, but rather evolves over time, a numerical correction is 

necessary. 

A minor peak was identified at Nu = 9.3 at St = 0.756, but no significant increase was found in the measured range. 

Nu was lower at the comparable average Re when compared to constant flow conditions. 

The findings of both experiments and simulations correspond well. 

New optimum ranges can be discovered using simulation and validated using the shown experimental technique [1]. 
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With the increase in the number of electrical devices, there is a growing demand for adhesives and sealants. In electrical 

devices, potting plays an important role in sealing electronic components from environmental humidity and moisture. In 

many cases, these adhesive materials have a dual function. On the one hand, they have to provide a strong bond 

between the materials, and on the other hand, they have to insulate the component from external environmental factors. 
Special potting adhesives can be used to achieve such requirements. Potting materials are adhesives that soften and 

spread over the surface to be sealed and glued when exposed to heat. However, sealing will only be satisfactory if the 

potting has good adhesion to the surface [1-2].  

We can test the spreading of the potting material with a high-temperature wettability measuring device. A sample plate 

is placed in the furnace of the device, and the required amount of potting is placed on it. The furnace is used to heat the 

sample to a temperature where the potting softens. The furnace is viewed with a camera during the measurement. This 

allows us to monitor live the melting of the adherent. For the potting materials, a one-hour heat treatment is required. 

After that we check how far the potting has spread over the surface using the camera image. The smaller the contact 

angle between the adhesive and the surface, the more it spreads, the better the adhesion between them [3-5]. 

 

 
Figure 1 Bad wetting of the adhesive on aluminium sheet 

 

As shown in the Fig 1., the adhesive does not spread much on the surface after melting, indicating that the adhesion 

properties are weak. The Fig 2. shows a small contact angle, indicating that adhesion between the adhesive and the 

surface is good. 

 

 
Figure 2 Good wetting behaviour of potting on aluminium sheet 

 

Potting requires a thorough cleaning of the surface to be bonded and, in some cases, surface treatment to achieve better 

adhesion. For aluminium, there are several options for surface treatment. Traditional mechanical surface treatments 

such as sanding, or sandblasting can be used. We can also treat the surface with chemical agents. However, laser surface 

treatment is an outstanding and well-optimized technology for surface treatment. For the surface treatment of the 

aluminium sheet, a femtosecond laser was used Fig 3. 
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Figure 3 Coherent Monaco 1035 nm wavelength femtosecond laser system 

 

The laser beam creates a special structure (Fig 4.) on the surface that can increase the adhesion properties of the surface. 

 

 
Figure 4 Laser beam created surface structure 

 

Nowadays, adhesive technology is becoming an important bonding technology. To create high-strength bonded joints, 

properly prepared surfaces are required. The tests have shown that the structure formed on an aluminium surface treated 

with a laser beam can improve the adhesion of the surface. 

In the following we will investigate several types of potting material for wetting. In addition, the behaviour of potting 

materials at higher temperatures will be investigated. 
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Foam structures are one of the most exciting and complex structures in materials science, due to their advantageous 

properties. Foam materials are generally featured by high strength to weight ratio as well as excellent acoustic and 

thermal insulation properties compared with other engineering materials. Foams can be classified into three main types 

including two dimensional (2D) honeycombs, three dimensional (3D) with open cell configuration, and 3D with closed 

cell configuration. The use of cellular materials allows the simultaneous optimisation of stiffness, strength, energy 

absorption, overall weight, thermal conductivity, surface area, and gas permeability (the last two for open-cell foams). 

As such, these materials are highly desirable for a wide range of engineering applications and can be found commonly 

in the natural world (e.g., wood and bone). Foams offer a wide combination of properties, depending upon the foam 

material, pore volume and nature of cell structure. The range of properties includes high energy absorption, impact 

force reduction, blast amelioration, thermal insulation, electromagnetic shielding, etc. [1]. 

 

 
Figure 1 The range of properties of different foams 

a.) density b.) thermal conductivity c.) Young’s modulus d.) Strength [1] 

 

One of the most traditional foam applications is also one of the most vital for the military. Secure packaging ensures 

that goods and products, imperative to simple activities or the most specialized operations, are delivered safely. 

Precision instruments, computers, supplies and weaponry all need to be transported across the globe and the potential 

for arriving in anything less than working order is not an option. Because of the remote locations they are often sent to 

and the fact that lives may depend on what is arriving, military packaging needs to be as secure as possible. Part of what 

goes into securing these shipments is polyethylene (PE) case foam [2]. 

 

     
Figure 2 Polyethylene produced foams for military application [2] 

 

Technical ceramics exhibit several useful properties that make them the most common application for armour systems 

within the military and defense industry. These properties include having a relatively low weight, high-performance 

during ballistic-scale impacts, ability to withstand extremely high temperatures, low friction and resistance to wear, 

corrosion, and hardness. Some of the ceramic materials that have been the most useful for military armour applications 

include Al2O3 (alumina), B4C (boron carbide) and SiC (silicon carbide), as well as several ceramic matrix composites 

(CMCs), such as Al2O3/ZrO2 systems.  
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Of these materials, alumina is the most utilized technical ceramic for body armour, as it exhibits hardness, 

refractoriness, and modulus of elasticity at a much lower cost when compared to other commercially available technical 

ceramics [3]. 

Some other defense and commercial applications of transparent ceramics within the military sector include: 

Aircraft, Missle domes, Transparent armors, IR windows, Hyper-hemispherical domes, Laser windows, Military aircraft 

lenses, Semiconductor processing applications, Scanner windows [3]. 

 

  

Figure 3 High-resilient technical ceramics (left: SKYDEX; right: composite armour system) [4] 

 

Similar developments have also started at the University of Miskolc in 2021, where experts are producing glass and PU-

based foam composite materials. Here the foaming agent was in all cases a substance of natural origin: raw materials, 

minerals pine, pinecones, coffee grounds or bark of some plants. Improvements are constantly being made, formulations 

need to be optimised and the additives chosen are changing. In all cases, the aim is to develop thermal insulation panels 

with favourable thermal and mechanical properties for military use. 

 

 
Figure 4 Microstructure of alumina foam using protein coagulation casting of ceramics [1] 
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The Fused Filament Fabrication process (FFF) was first introduced and patented under the name of Fused Deposition 

Modelling (FDM®) in the 1990s, when it was as a free-form fabrication method for three-dimensional solid objects [1] 

At first the FDM was designed as a method to produce 3D printed parts made of polimeric materials. Starting from the 

last decade a significant number of decisive FDM patents expired [2] so a new development of the available filaments 

started. The emphasis was now on the diversification. The new direction of interest is the particle loaded filaments, and 

it’s properties concentrated on the requirement of good extrudability at high particle loading while providing necessary 

mechanical strength with metal particles of 316 L steel, 17-4PH, Ti6Al4V, NdFeB, ceramics, hard metals or cermets 

[3– 7]. 

 

 
Additive fabrication                                                                                              Subtractive fabrication 

Figure 1 Additive vs Subtractive fabrication [8] 

 

Today, commercial metal loaded filaments are available, nevertheless, only BASF is already offering a product called 

UltraFuse range of filaments to be printed on a typical desktop FFF printer and subsequently processed using an 

industry standard debinding and sintering route [17]. Only two commercial systems (by Desktop Metal and 

Markforged) seek to implement the complete process routine for automation of metal 3D printing all aim at simplifying 

the shaping, debinding and sintering process (SDS) and making it available at low cost and without the need for special 

infrastructural requirements, however other systems are capable of handling these filaments.  

The CreatBot DX2 system was tested for using BASF’s Ultrafuse Ph 17-5 filaments. Samples with different internal 

structures were printed, debinded and sintered and used as thermal conductivity enhancers for paraffin-based phase 

change materials.  

The obtained smples were compared with other conductivity enhancement methods from the literature. 

 

 
Figure 2 Additive fabrication steps a. -3D image; b.-printed part and c.- sintered part 
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In this study, we describe the construction of a torque measuring device developed by us, the measurement procedure 

we have carried out and the results of our measurements. The torque to be measured is transmitted by a clutch, filled 

with two types of magnetorheological fluid (MRF). The liquid consists of three elements: oil, metal particles and 

additives to prevent sedimentation. The first liquid contains 70%, and the second 80% of metal particles. The size of the 

metal particles are on average 1-10µm. The liquid can change its state under the influence of a magnetic field. In the 

unexcited state, the liquid has low viscosity like water or oil. As the force increases, it first takes on a honey-like state 

and then a solid state. There are two main types of magnetorheological clutches: cylindrical and disc designs. To 

measure the torque, we chose the cylindrical version. The magnetorheological clutch is mounted on an aluminium base 

(Fig. 1). The torque to be measured is provided by an electric motor controlled by a frequency converter. 

 

 
Figure 1 Construction of the measuring station 

 

Preliminary calculations suggest a maximum torque of 2-2.5 Nm. For this reason, we had scaled the torque transducer 

to 5Nm. These dimensions had to be modified minimally for feasibility reasons, and the transducer was made with the 

modified dimensions. To measure the torque, we used a low profile hollow type reaction torque sensor that was 

designed by us. The outer and inner rings of the torque gauge consist of 4 parts. These segments are fastened together 

with screws. Spokes are located between the inner and outer rings. The reaction torque is measured by the deformation 

of these spokes which are made of two pieces of spring steel. The dimensions of this spring are 1mm thick, 30mm high 

and 150mm long (Fig. 2). The strain gauge was applied near to the highest bending stress area. A 24-bit resolution 

HBM QuantumX data logger was used for the measurement. The torque is generated by an electric motor with an 

inverter. The excitation of the fluid can be created by increasing the current within a measuring range of 0-5A. Based on 

the measured data, the maximum load capacity of the measuring device is determined. 

 
Figure 2 Torque measurement device 

 

Before starting the measurement, it is necessary to check and set a few factors. The first parameter is the engine speed 

setting. The speed does not affect the torque transmitted by the clutch, so the speed was set to a medium range, i.e. 700 

1/min. 50 cl of magnetorheological fluid is placed in the magnetorheological coupling, in order to equalize the 

temperature more easily. Anti-sediment substances prevent metal particles from settling, but it is worth stirring the 

liquid at the beginning of the measurement. The excitation current was varied between 0-5A in steps of 0.5A. We set a 

limit voltage of 10V on the power supply. The measured data can be seen in the table below (Table 1). 
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Table 1 Data on the measured torque 

Leaf spring torque meter 

Amperage [A] Fluid 1 (70%) - 

Torque [Nm] 

Fluid 2 (80%) - 

Torque [Nm] 

0 0 0 

0,5 0,45 0,58 

1 0,9 1,04 

1,5 1,2 1,39 

2 1,45 1,61 

2,5 1,6 1,73 

3 1,72 1,84 

3,5 1,8 1,91 

4 1,83 1,98 

4,5 1,62 1,76 

5 1,66 1,74 

 

It can be read from the measured data that, unfortunately, the current design of the measuring equipment can only be 

used with 4A excitation. In case of higher excitation, uniaxiality error occurs between the clutch components. As a 

result of the attraction of the magnet, the outer surface of the measuring disc in the coupling rests on the hole made of 

C10 material. 

In conclusion, the torque measuring device is designed to give reproducible results with an excitation in a range of 0-

4A. When current between 4.5-5A is introduced into the coil, the measured torque drops to 1.7Nm by both fluids. The 

high magnetism makes the disc mounted on the shaft attract the outer part of the magnet, which creates eccentricity 

between the parts and the fluid gap gets reduced to 0. To create sufficient inertia, the thickness of the leaf springs need 

to be increased or the springs to be preloaded. However, more inertia results in less deformation, which affects the 

magnitude of the signal level emitted by the strain gauge. 
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High purity propylene is produced using a two-column process, with the columns operating at different pressures. The 

C3 mixture to be separated is first introduced into a high-pressure column operating at approximately 20 bar. The 

overhead is propylene, the bottom product of the column is propane. Propane is an explosion hazard and causes a 

dangerous fire when vapors are ignited from heat, spark, open flame or other source of ignition. Propane is heavier than 

air and may travel long distances. The aim of the study is to investigate the propagation of heavier-than-air gas - 

propane - around different leakage points under given boundary conditions. Cracks or holes can be caused by material 

fatigue, lack of maintenance or even human error. These points can be identified as sources of release, in the vicinity of 

which an explosive atmosphere can be formed. The literatures used to identify explosive atmospheres gives an 

approximation of the extent of the potential hazard, but using CFD simulation, a more informative result can be 

obtained on the potential propagation of propane gas at different times and different concentration values. In the model 

shown in the first figure, propane is certainly present as a bottom product in the lower third of the unit. For three 

sources of release of the same shape size, the propagation due to different outflow directions is modelled using ANSYS-

CFD. 

 

 
Figure 1 Propane propylene model for CFD analysis of sources of release 1., 2., 3. 
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Based on the literature and studies, it is clear that propane, as a heavier-than-air gas, will propagate downwards, but 

different gas volumes may be produced for the three different angular outflows (upward, normal and downward). The 

aim of the study is to analyse these propagation possibilities separately and also to compare them together at the lower 

explosive limit concentration or ARH20% and ARH40% and at the diffusion-induced conical distribution. 

 

 
Figure 2 1. upward outflow, 2. downward outflow, 3. normal outflow 
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In 2009, a telecommunications services company, as a land user registered in the real estate register, built its optical 

cable line, which passes through an agricultural land in Borsod-Abaúj-Zemplén county, based on a lease agreement. 

The network is planned for reverse data transmission, which, in addition to program distribution, also enables the 

introduction of digital TV, IP-TV, broadband Internet, and VOIP telephone services. The line was placed on the already 

existing support structure on electricity supplier poles with the consent of the electricity supplier and with the 

permission of the National Media and Communications Authority. 

In the design documentation, the designer specified a minimum height of 4.5 m. The construction had to be carried out 

in such a way that the minimum distance between the signal transmission network and the overhead line belonging to 

the power supplier is 2 m. The minimum height above the roads was set at 5.5 m, at 4.5 m above the entrances, and at 

least 6 m above the national road. It was a requirement that only non-conductive, maintenance-free optical cable with a 

Kevlar structure can be run on the medium-voltage, 20 kW network. The cable had to be placed 2 m from the element 

under the lowest voltage, under the power line. 

In 2009, the construction could be completed according to the plans. The standards referred to in the technical 

description allow us to conclude that the construction was carried out in accordance with the regulations, and based on 

the commissioning and technical handover documentation at the time, they were found to be adequate. In the handover 

procedure, reference is made to standards MSZ 151-8 and MSZ 2364. [1][2][3][4][5] 

In the 17,000-hectare arable area involved in the lawsuit, the agricultural operations related to crop cultivation were 

regularly carried out with machines of standard dimensions. In 2015, in a field on the outskirts of Borsod-Abaúj-

Zemplén county, an agricultural machine (tractor) got caught in the optical overhead cable belonging to the plaintiff, 

stretched under the overhead air line, and severed it. As a result of this action, the internet, TV and telephone services 

operated by the plaintiff were interrupted for 26 hours. As a result of this event, the owner of the optical cable, as a 

plaintiff, submitted a claim to the territorially competent District Court to assert a claim for compensation. In 2017, the 

District Court of Miskolc declared the defendant guilty of the offense of disrupting the operation of a public interest 

enterprise and put him on probation for 2 years. 

The company engaged in agricultural cultivation on the field, as defendant, and the legal representative appointed by it 

were convinced that the placement of the optical cable cannot be legal when it obstructs the proper use of the legally 

used property. In view of this, the defendant and his legal representative appealed against the court verdict. According 

to their point of view, if the optical cable had been properly placed, a standard-sized machine should have been able to 

fit under it. In the court proceedings, the application for the license to use the optical cable was available, with which 

the plaintiff wanted to prove that the placement was legal. In this regard, the defendant's legal representation is of the 

opinion that when this optical cable was built, this type of activity was not yet subject to a permit, but only to a 

notification, which was brought to the attention of the National Media and Communications Authority. 

In view of the fact that the trial court classified the issue as a professional matter, it obliged the defendant to request a 

professional opinion as a motion for proof, in connection with which the legal representation of the defendant contacted 

the Institute of Automation and Infocommunication of the University of Miskolc, and ordered a forensic examination. 

According to the plaintiff's claim, the optical cable was installed legally and regularly based on permits, in compliance 

with the design specifications. The line was placed on a support structure that is protected by a security zone, secured 

by a line right visible to anyone in the real estate register. 

According to the claimant, the minimum height of the cable is 4.5 m. According to the plaintiff's point of view, it is 

covered by the protective strip for the power supply line, within which it is not possible to drive. Regardless of the 

electricity supplier's regulations, it is a requirement for optical cables that no work can be carried out within 0.3 m of 

them, only after prior consultation and under professional supervision. In view of this, he requests compensation for the 

damage related to the replacement of the severed line, and requested the issuance of a payment order against the 

defendant. The defendant objected to the payment order within the deadline, in which he disputed both the legal basis of 

the claim and its amount. 

When determining the height above the ground of the track communication equipment to be installed on the support 

structure of the common column using the existing electricity supplier infrastructure - road crossings, gate entrances, 

outside areas, etc. in case of - the required height for high-current networks must be ensured. The definition of the 

minimum heights is detailed in the MSZ151-8 standard. 
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Therefore, it can be concluded that the common column line communication line involved in the case could only be 

broken by a vehicle with a height of 4.62 m measured at the highest point passing under it, if the maximum vertical 

distance of the tangent contact point parallel to the string connecting the mounting points of the wire hanging between 

the columns is the largest vertical distance from the string (largest overhang) was such that the 4.7 m height between the 

ground level and the above-ground communication line specified in the technical specifications of the power supplier 

for the outside area was not ensured. 

When establishing a communications network, it is important that the governing standards and technical regulations are 

taken into account, but at the same time, continuous technical inspection and maintenance, compliance with technical 

and legal regulations are binding on the network operator. It is important to note that although the legal regulations and 

standards in force were taken into account during the compliance test during the licensing procedure, the standards 

referred to in the licensing procedure became mandatory with the licensing, so maintenance and inspection of the 

establishment is mandatory. 

During the on-site inspection, the forensic expert examined the fertilizer spreading equipment, with particular regard to 

the height of the highest protruding structure during work, which was recorded in the on-site inspection report and the 

accuracy of the measurement was certified by the signatures of those present. The highest elevation measured with the 

hydraulic equipment at a wheel pressure of 2.2 bar on flat concrete terrain (which does not allow sinking into the 

ground) was 4.7 m, the working height was 4.3 m. The height of the optical cable measured in relation to the ground in 

the area in question was certified by those present with their signatures. The height of the optical cable was 4.45 m at an 

ambient temperature of 28 °C. The optical cable would have been in accordance with its commissioning (licensing) 

state, then the result of the measurement would have been a minimum height of 4.7 m. So, if the hydraulics of the 

machine (fertilizer spreader) are not in working position, but in the highest so-called it would have been in the service 

position, even in that case it would not have gotten caught in the optical cable, since under load, together with the 

ground subsidence, it was located almost 6-8 cm, i.e. 0.06 - 0.08 m lower (4.62 - 4.64 m ) than the prescribed height 

(4.7 m according to MSZ 151-8). 

The expert confirmed the defendant's claim that, in accordance with the MSZ 151-8 standard, in the case of the 

installation of track telecommunication equipment mounted on a common column row with a low-voltage overhead 

line, the minimum distance measured from the ground in the area under litigation, i.e. outside, usually in a garden or 

vineyard, is 4.7 m. In his expert opinion, the expert raised the need for cable maintenance. The court found it to be 

evidence that the condition in accordance with the regulations at the time of installation must be maintained throughout 

as long as the cable is stretched. [6] 

It is clear that the disputed area, over which the cable broke, was already under agricultural cultivation when the cable 

was installed. It is natural that soil conditions can change as a result of agricultural cultivation or any other factor. This 

factor should not be ignored because it could also have caused the cable to be stretched at an incorrect height when the 

cable was cut. The expert investigation pointed out. that the cutting of the cable occurred due to the irregularly hanging 

optical cable, during which the employee demonstrated the behavior normally expected in the given situation. 
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When air and liquid come into contact, simultaneous heat and mass transfer occur at the liquid's surface, called 

evaporation. In the case of air flowing over an evaporating surface, the heat transfer coefficient determined from the 

Nusselt equations for heat transfer will be greater than for pure heat transfer [1]. This phenomenon has been observed in 

drying. The increase in the heat transfer coefficient is caused by cross-effects due to vertical evaporation flux, which 

breaks the boundary layer and intensifies the heat transfer. The aim of our research is to investigate the heat fluxes 

generated by the evaporation of water in a heated vessel and to determine the heat transfer coefficients for the 

evaporation processes shown in Figure 1. 

During evaporation, heating the liquid is necessary to keep the temperature of the liquid surface constant and different 

from the wet bulb temperature. Figure 1/a, shows the case of evaporation when the surface temperature of the liquid 

(𝑇𝑓 [°𝐶]) is the same as the bulk air temperature (𝑇𝐺 [°𝐶]), and there is no heat flux within the flowing air. In Figure 

1/b, the temperature of the flowing air is greater than the surface temperature, so the resulting liquid surface temperature 

is determined by the sum of the heat flux from the air and the heating of the liquid. In Figure 1/c, the air temperature is 

lower than the surface temperature of the liquid, so the heat flux introduced by the heater is not only used to maintain 

the surface temperature of the liquid but also to heat the air.  

 

 
Figure 1. Investigated cases of evaporation from heated vessels and the heat fluxes under the process 

( a) 𝑇𝑓 = 𝑇𝐺, b) 𝑇𝑓 < 𝑇𝐺, c) 𝑇𝑓 > 𝑇𝐺  ) 

 

For the surface of the liquid shown in Figure 1, the heat balance equation can be written as: 

�̇�𝑒𝑣𝑎𝑝 + �̇�𝑐𝑜𝑛𝑣,𝐺 + �̇�𝑐𝑜𝑛𝑣,𝐿 = 0, (1) 

where �̇�𝑒𝑣𝑎𝑝 [𝑊] is the heat flux for evaporation, �̇�𝑐𝑜𝑛𝑐,𝐺  [𝑊] is the heat flux removed or transferred by air, 

�̇�𝑐𝑜𝑛𝑣,𝐿[𝑊] is the heat flux from the main body of water to the water surface or from the surface to the main body.  

Similarly, for the bottom liquid layer of a vessel heated from below, the heat balance equation can be written  

�̇�𝑐𝑜𝑛𝑑 + �̇�𝑐𝑜𝑛𝑣,𝐿 + �̇�𝑙𝑜𝑠𝑠 = 0, (2) 

where �̇�𝑐𝑜𝑛𝑑 [𝑊] is the heat flux to heat the vessel, �̇�𝑙𝑜𝑠𝑠 [𝑊] is the heat loss on the side walls of the vessel. By 

expressing the term �̇�𝑐𝑜𝑛𝑣,𝐿 from Eq. (2) and substituting it into Eq. (1), the heat balance equation of the heated vessel 

can be described by the following correlation: 

�̇�𝑒𝑣𝑎𝑝 +𝑄𝑐𝑜𝑛𝑑 + �̇�𝑐𝑜𝑛𝑣,𝐺 + �̇�𝑙𝑜𝑠𝑠 = 0. (3) 
The Department of Building Processes and Process Engineering has a measuring equipment for measuring the 

evaporation rate, which can also be used to investigate heat transfer processes during evaporation [2]. Measurements 

were made of the evaporation of water in an electrically heated vessel, the liquid surface of which can be fitted to the 

bottom plane of the air duct. The velocity and temperature of the air flowing in the duct and the surface temperature of 

the liquid can be controlled during the measurements. The aim is to calculate the heat transfer coefficient between air 

and the liquid. In Eq. (3), the heat flux for evaporation: 

�̇�𝑒𝑣𝑎𝑝 = 𝑁𝑟𝐴𝑒𝑣𝑎𝑝, (4) 

where 𝑁(𝑘𝑔/(𝑚2𝑠) is the evaporation rate, 𝑟[𝐽/𝑘𝑔] is the heat of evaporation and 𝐴𝑒𝑣𝑎𝑝 [𝑚
2] is the surface area of 

the liquid. 

a) b) c)
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The heat flux used to heat the water is determined from the electrical power absorbed by the electric filament. The heat 

loss was estimated by the heat flux through the multi-layered wall (stainless steel vessel wall, 20 mm rock wool 

insulation, external steel sheet): 

�̇�𝑙𝑜𝑠𝑠 = 𝑘(𝑇𝐿 − 𝑇𝑎𝑚𝑏)𝐴𝑣𝑒𝑠𝑠𝑒𝑙 , (5) 
where 𝑘[𝑊/𝑚2𝐾] is the overall heat transfer coefficient, 𝑇𝐿[°𝐶] is the bulk temperature of the liquid, 𝑇𝑎𝑚𝑏 [°𝐶] is the 

ambient temperature and 𝐴𝑣𝑒𝑠𝑠𝑒𝑙 [°𝐶] is the external surface of the side walls of the vessel. The heat flux 

transmitted/abstracted by the air (�̇�𝑐𝑜𝑛𝑐,𝐺) can be determined from Eq. (3) for the cases shown in Figure 1. The heat 

transfer coefficient can be calculated from the heat flux expressed from the following correlation: 

�̇�𝑐𝑜𝑛𝑣,𝐺 = 𝛼𝐺|𝑇𝑓 − 𝑇𝐺|𝐴𝑒𝑣𝑎𝑝 , (6) 

where 𝛼𝐺 [𝑊/(𝑚2𝐾)] is the heat transfer coefficient between air and water. 

The evaporation cases shown in Figure 1 were measured at different air temperatures and liquid temperatures for the 

same air velocity (𝑣𝐺 = 2𝑚/𝑠), the results are shown in Table 1. The table shows the setting parameters, the 

evaporation rate and the heat fluxes. The table also gives the heat transfer coefficient between air and water and the 

value of the pure heat transfer coefficient (𝛼𝑝𝑙𝑎𝑡𝑒) under the same conditions of flow over the flat plate [3]. 

 

Table 1 Data for evaporation measurements, heat fluxes and heat transfer coefficients 

Fig. 
𝑇𝐺  𝜑𝐺  𝑇𝑓 𝑁 �̇�𝑒𝑣𝑎𝑝 �̇�𝑐𝑜𝑛𝑑 �̇�𝑙𝑜𝑠𝑠 �̇�𝑐𝑜𝑛𝑣,𝐺 𝛼𝐺 𝛼𝑝𝑙𝑎𝑡𝑒 

[°𝐶] [%] [°𝐶] [𝑘𝑔/(𝑚2ℎ)] [𝑊] [𝑊] [𝑊] [𝑊] [𝑊/(𝑚2𝐾)] [𝑊/(𝑚2𝐾)] 

1
/a

 

30,2 19,8 29,9 0,881 58,0 56,1 5,4 0 11,8 9,6 

39,9 20,0 39,8 1,340 87,3 108,6 7,7 0 10,4 9,6 

49,4 17,1 49,6 2,627 169,5 193,6 17,7 0 11,9 9,5 

1
/b

 

39,6 14,1 29,6 0,860 56,6 34,0 5,6 28,2 28,9 9,9 

40,1 18,3 35,0 1,149 75,2 64,4 8,0 18,8 37,8 9,8 

39,6 14,1 29,6 0,860 56,6 34,0 5,6 28,2 28,9 9,9 

44,5 10,2 30,0 0,891 58,7 37,1 10,6 32,1 22,7 10,1 

49,3 8,9 29,8 0,965 63,5 25,8 5,0 42,7 22,5 10,2 

54,0 6,5 29,6 0,989 65,1 13,1 3,4 55,4 23,3 10,3 

1
/c

 

34,7 27,6 39,2 1,506 98,2 120,4 8,6 13,5 30,5 9,3 

35,4 18,9 55,0 3,798 243,7 314,2 23,2 47,3 24,7 9,0 

30,2 33,1 50,1 2,824 182,2 228,5 21,4 25,0 12,8 9,0 

35,2 33,7 50,0 2,584 166,7 223,6 18,0 38,9 27,0 9,1 

39,7 15,2 49,2 2,872 185,4 211,9 16,0 10,4 11,3 9,2 

Notations: 𝜑𝐺 [°𝐶] the relative humidity of the air. 

It can be established that, for the same air temperature, as the water temperature is increased, the heat input for heating 

increases; whereas, if the air temperature is increased while maintaining the same water temperature, the heating 

demand decreases; and the higher the temperature difference between the fluid and the environment, the higher the heat 

loss. The heat flux removed by evaporation increases as the air and liquid temperatures increase. It can be observed that 

the heat transfer coefficient between air and water takes a higher value than the heat transfer coefficient determined for 

the flat plate, so that heat transfer with the mass transfer is more intense than heat transfer alone. 
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There are many types of laser processing that are suitable to control and tune the physical and chemical properties of 

solid surfaces [1]. Traditional laser surface treatments, such as surface melting and surface hardening are usually 

performed with a continuous laser beam [2]. Laser devices with ultrashort pulse durations are used for modern laser 

material processing. One of the advantages of ultra-short pulse laser treatment is the material removal combined with 

small heat effected zone. Additional benefit is that surface structures of different shapes and sizes can be created 

relatively easily. 

One of the possible products of the applied ultrashort pulse laser processing is the SERS substrate which is used in 

Surface-enhanced Raman spectroscopy [3,4]. In our work, silicon monocrystal surface was structured by a femtosecond 

laser beam to fabricate a surface morphology built up from 50-100 nm units. The structured surface was coated with an 

80 nm gold layer to create the SERS substrate with a plasmonic surface. 

 

 
Figure 1 The surface of the fabricated SERS substrate 

 

The SERS enhancement of the fabricated substrate was investigated using different concentrations of Rhodamine B and 

Rhodamine 6G solutions. The limit of detection for Rhodamine B and Rhodamine 6G of the SERS substrate was 

determined during Raman measurements. Furthermore, SERS enhancement of the commercially available products was 

compared with the prepared substrate. 

During the presentation, the applied laser setup and the industrial use of surface-enhanced Raman spectroscopy will be 

introduced [4]. Finally, further possible development of SERS substrate will be discussed. 
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INTRODUCTION  

The recycling process of spent pickling liquor (SPL) from the hot dip galvanization technology has currently become 

attractive, as it does not only solve the environmental problem but also provide a secondary resource of metals, 

particularly zinc (Zn) and iron (Fe). The current research focused on the recovery of pure Zn. This liquid may contain 

25 to 125 g/dm3 zinc, 90 to 200 g/ dm3 iron, and 70 to 100 g/dm3 free HCl and approximately 7 to 10 M total Clion [1] 

[2] [3] [4] [5] [6]. Therefore, the cathodic deposition of zinc should be considered in a wide range of concentrations of 

Zn and the main impurities. The detrimental effect of impurities on current efficiency (CE) or the morphology of the 

zinc deposited from acidic chloride solutions can be severe [7]. Therefore, the concentration of nickel, as an impurity, 

may be practically important to produce a pure zinc cathode. Nickel with higher reduction potential interferes with the 

deposition of zinc in two conditions. Firstly, its more noble nature tends to be deposited in favour of zinc, which later 

impacts the purity of the deposit. Furthermore, like iron, its lower overpotential to hydrogen also promotes more 

hydrogen evolution. Nickel may have no practical corrosive attack since its electrode potential (- 0.25 V) is significantly 

higher than that of zinc. However, – as discussed above – the lower hydrogen overpotential may result in more current 

loss and the preferential nickel deposition may cause unwanted impurity in the zinc cathode. The electrode potential of 

nickel is however less negative than that of iron as the major SPL impurities, therefore this effect can be even more 

disturbing if Ni is also contained in the electrolyte solution. At extreme cases, when the hydrogen evolution is intensive 

and the solution is close to neutral, the locally increasing pH may trigger the formation of hydroxide particles. Thus, an 

inhibiting layer can even be formed hindering the deposition of the less noble zinc. All these aspects of impurity co-

deposition emphasize the importance of examining the effects of nickel contained in the purified zinc electrolyte. 

 

EXPERIMENTAL METHODS  

The potentiodynamic experiments of the Ni effects on the Zn electrodeposition process have been done in a series of 1- 

minute runs at 40 mV/s polarization speed with or without agitation (Fig.1). During the observation, several anode 

materials had been tested. Model solutions containing 90 g/dm3 Zn contaminated by a range of Ni concentration (1:100, 

1:200, 1:300, 1:400, 1:500, 1:1000 and 1:10000) was prepared as the electrolyte solution. At the end of the experiment 

series, the deposit composition was analyzed by atomic adsorption spectroscopy (AAS). 

 

 
Figure 1 Schematic of the potentiodynamic electrodeposition equipment 

 

RESULTS  

The effect of nickel concentration in the electrolyte – even at lower levels than 1 g/dm3 - was found to influence the 

purity of the obtained Zn deposit. The structure of the deposited zinc is also influenced by the nickel contamination, 

making it more inclined to form rougher crystals or even longer dendrites. It could be observed at the end of the 

polarization cycle, some dendrites were grown in the 90 g/dm3 nickel electrolyte. The fine outgrowths were formed at 

the edges of the active cathode surface where a better nickel ion supply could be produced. Dendrite formation also 

occurs from the zinc solution of high (90 g/dm3) concentration, but nickel dendrites tend to grow with more extended 

tips, reaching further into the solution and appearing in a relatively uniform pattern at the cathode edge. However, Zn 

dendrites develop more branches and side-arms (Fig 2). 
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Figure 2 The final deposits from the 90 g/dm3 Zn and from the mixed 90 g/dm3 Zn + 1 g/dm3 Ni solutions at  

different stirring rates. 

 

It was found that introducing Ni to the Zn electrolyte also change the nature of H+ reduction. More hydrogen reduction 

was observed in the mixed solution. This is supported by visual observations, and it results in the shifting of the 

characteristic polarization curve to the right after the intensive hydrogen evolution starts at about – 1V overpotential. 

The importance of electrolyte agitation also has been proved by the potentiodynamic results. Increased stirring rates 

result in denser zinc deposits and depressed hydrogen evolution at the cathode. The mass of nickel deposited from the 

mixed solutions significantly decreases as the Ni concentration decreases in the electrolyte, while the mass of deposited 

zinc is relatively constant from the agitated solutions (Fig 3). It means that the purity of the produced Zn is appreciably 

higher – with respect to Ni – if nickel is efficiently eliminated from the solution before electrowinning. 

 

 
Figure 3 The mass of Ni impurities on the deposit of 90 g/dm3 Zn – pH 4.3 mixed electrolyte. 

 

Stirring at a rate of higher than 200 r.p.m increases the rate of zinc electrodeposition – almost equally compared to the 

rate from stationary solution. This may be attributed to the virtual elimination of hydrogen evolution. However, the 

electrodeposition of Ni from the solutions of low concentrations had little response to the effect of stirring. The main 

effect was the Ni concentration, which determined the contamination of the deposited zinc layer. Nickel concentration 

did not influence the electrodeposition of Zinc in the examined ranges of concentrations. Anode gases evolved at the 

inert surface can cause added turbulence in the whole cell virtually enhancing the beneficial effects of forced electrolyte 

circulation. The strongest effect of stirring was seen in the change of the deposit morphology, efficiently eliminating the 

growth of long dendrites. 
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INTRODUCTION 

We investigated how, by using additive manufacturing technology, productivity can be cost-effectively improved 

during injection molding, thereby producing more, better-quality products in a given time. During our development 

work, we looked for a possible area of use in which we can simultaneously achieve quality improvement and value 

growth on several fronts by applying additive manufacturing technology. Our goal during the research was to develop 

smart technology injection molding tool elements that are suitable for performing cooling, removing the product from 

the mold and forming. We recommend the use of our innovative, shape-following cooling technology and tool inserts 

for all products with a curved surface. In the case of cooling systems implemented with traditional technology, uniform 

tempering of the tool is difficult to solve, so the cooling processes take much longer than necessary During our 

experiments, the goal was to optimize the processes taking place in the tool, to maintain the balance between cooling 

and cavity filling, in order to achieve the shortest cycle time and obtain a product of adequate quality. 

 

EXPERIMENTAL AND RESULTS 

In order to optimize the heat balance of the injection molding tool, we had to develop a solution with the help of which 

we can reach the required tool temperatures as quickly as possible, even for components with a complicated design. For 

cooling, some kind of heat transfer liquid is used, which transfers the heat to the tool, and depending on how far the 

cooling channel is from the cavity, we can cool the polymer product after a time that varies in proportion to the 

distance. Based on this, it is clear that a cooling (tempering) channel system must be designed that runs as close as 

possible (ideally at a distance of 2-3 mm) from the forming cavity and can preferably hold this distance regardless of 

the surface of the product. In this way, we can minimize the formation of remaining stresses and deformations in the 

product resulting from the different cooling process. In the case of complex components with non-flat surfaces, it is 

clear that this is not feasible using traditional tool making technologies [1]. 

 

 
Figure 1 Results of a thermal camera test a.: conventional tool b.: conformal tool 

 

With selective laser sintering, we can create any complex channel system by melting the fine metal powder layer by 

layer, which can be used to create tempering inserts suitable for each individual product. With the help of such an 

innovative tempering insert, the injection and ejection temperature of the tool can be achieved much more accurately, 

more homogeneously and faster, so there is no need to use overheated and cooled tempering fluid [2]. 

On Figure 2 it can be seen that the cycle times can be drastically reduced using additive manufacturing technology and 

conforming shape-following cooling channels. In the case of the first version of the tool design made with traditional 

technology, we were able to remove the product from the tool after 20 seconds cooling time, while with the inserts 

manufactured with additive technology, we were able to reduce the cycle time to 7 seconds at best. During the 

experiments, we have found that when determining the complexity of the cooling channel and the diameter of the 

tempering channel, it is better to prefer channels with a larger cross-section than an overly complicated and detailed 

cooling channel design. In the case of (long) channels with a small diameter and complicated geometrical design, the 

coolant turns more slowly in the tool, which reduces the cooling efficiency. 
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Figure 2. Effect of the cooling channel a.: on the cooling time, b.: on a crystallinity 

 

An additional advantage of large-diameter cooling channels is that it reduces the use of raw materials, so the cost of raw 

materials also decreases. The efficiency of the cooling also affects the formation of the crystalline fraction of the 

polymers. Polyamide materials are partially crystalline amorphous polymers. A general feature of amorphous polymers 

is that the cooling rate used during formation, i.e. the intensity of cooling, affects the amount of crystalline fraction 

formed in the polymer. Figure 2 b shows the average tensile strength values. The design of the cooling channel, i.e. the 

increase in the intensity of the cooling, has a minimal but negative effect on the value of the mechanical strength. A 

difference of nearly 5.6% can be observed between the average tensile strength of the tensile test specimens produced 

from the conventional samples and those produced with the 12 mm diameter shape-following cooling channel providing 

the highest cooling intensity, which can be explained by the decrease in the crystalline fraction. 

 

CONCLUSION 
By significantly reducing cycle times, the price of products produced by injection molding can be significantly reduced. 

The investment cost of the injection molding tools (even higher at the moment) would be recouped sooner, which would 

also act as a catalyst for the design and production of newer products and prototypes. With the use of modern 

technology, more products can be produced in the same amount of time, this also reduces the price of the products, as a 

result of which the domestic plastic processors can offer their products at a competitive price, thus gaining a serious 

market potential compared to the Far Eastern manufacturers. 
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