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INVESTIGATION OF NON -ISOTHERMAL CRYSTALLIZATION KINETICS OF
MELAMINE -BASED FLAME RETARDANT PLA

CDCM Bal §zs

Polymer Technology Research dBp, Department of Innovative Vehicles and MaterialSAMF Faculty of
Engineering and Computer Sciendmhnvon Neumann UniversityHungary

E-mail: adam.balazs@gamf.unieumann.hu

Keywords: envirormental 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 greatd&irdesthe environment for a

little more than a century. These include large oil companies and large food manufacturing companies that package
their products in plastiql] The sorting and recycling of selectively collected plastic waste could be stiteethain

problem is the lack of proper collection, so a lot of otherwise recyclable plastic ends up in [g2difidee of the

possible solutions to reduce the amount of waste is to make plastics degradable or to use biodegradable polymers. One
of themost intensively researched biopolymers is PLA (Ralgtic Acid). PLA can be produced from natural materials

and is a biodegradable polymer under industrial conditions, by composting. PLA is a thermoplastysitine

polyester with good mechanicg@roperties (tensile strength of 60 MPa, elastic modulus of 3 dBR)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 RiAts 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 nucleatitigeadduch as montmorillonite (MMT), which

is a commonly used nucleating material, but is also used as a flame retdidenthis paper, the effect of the amount

of halogenfree flame retardant on the crystallization of PLA was investigated by D8€r nonisothermal 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 botilbe halogesfree flame retardant is the melamibased Melapur M5,

which was developed by CIBA mainly for polyamides and thermoplastic polyurethAfeegeceived 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 retdant ability when mixed with PET5] 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 agedit.7] Based on these,evchose 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@&0 AC and 4 hours l ong. The te
Brabender extruder were 190, 200, 210, 220AC (from the
temperature of the mixer was 210AC, and the rate of th

The peparing 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 TAi2@Mnent. The blends were
subjectedtoanen s ot her mal anal ysis at cooling rates of 2.5, L
30AC and 200AC. After each cooling, the heating rate
atmasphere. The weight of the samples were about 5Timg.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 Univeysit

During crystallization, an exothermic peak candeen on the DSC curv&he area under the curve is the enthalpy
change of crystallization, or i n ot-hretof measuredf), ftorh ehichh e a t
we can deducéhe amount of the crystallized materiai; i€ the initial temperature of crystallization, and i the final
temperature of crystallization, but their exact values are difficult to determine, so extrapolated values are used instead.
Teic IS the extrapated initial temperature of crystallization, whilesTis the extrapolated final temperature of
crystallization. The maximum rate of crystallization is indicated by the peak crystallization tempergtUgd,When

testing the effectiveness of nucleatiagent, the change in the initial temperature of crystallization is monitored. Since
crystallization can start sooner, it shifts towards higher temperat@reis].[

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

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

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

By increasing thamount 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 1Peak temperatures {J andenthalpy change (o H) of crystallization

While in the case of the extrapolated initial temperatures the effect of Melapur was clear only at the slowest speed of
2. 5AC/ min, in the case of the peak temperat ursmgtheof cr )
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 thasomed 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 significatft.1% Melapur was mixed wh PLA, but the cooling rate is faster, 5 or
10AC/ mi n, it cannot be achieved as much <crystalline f
2 . 5 A COfndumse, it should be noted here that the cooling rates of the processing teesnexaged the cooling

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

rates.

Summarizing the results, it can be said thaing the measurements, the effect of the coolingaatethe amount of
halogenfree 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 crgstalézetiased 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 coystaiigagratures

and heats of crystallization. The increase in the initial temperature of crystallization is usually a characteristic effect o
nucleating agent, which we were able to detect with DSC analysis, but it is also worth checking with additional
measurements, for armple xray diffractionor some kind of microscopitests. It is also worth continuing the DSC
studies with isotheral crystallization kinetics
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2Department of Mechanical Engineering, Faculty of Engineering, University of Debidoegary
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 reducexahd 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 totabpthesis. Three types of unit cells were investigated in a previous[$iuéyd

each typebs Youngds modul us was c¢ al cindrendgthebdne bfdhe huenénc h
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 bentested o
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 createsstriatticed body which is most
suitable tothe 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 tdhe 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 implandégranidte the compression test.

Figure 1Hip implant designs and the application of unitsedl) 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
SupportVectorRegression (SVR) method, EOS M 290 (electro optical systems, Germasyr@ing machine will

be used to manufacture the implants to be tested. INSTRON 8801-I8einaulic Fatigue testing machine (USA) will

be used to conduct the laboratory compresgshwith a compression rate of Imm/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.r&sgltre 2 shows the loading and

boundary conditions to be applied on the implant according to the 1SG4720860 standarfP].
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Time: 1.5
15/10/2022 14:47
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- Fixed Support

Figure 2Loading 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 &sl as the main material for the printed samples. Ti6Al4V can also reduce the contact
pressure between the human bone and the implant sy8acEable 1 shows the chemical composition of the alloy
used.

Table 1.Chemical compositionfali64 Powder4]

Other Other
Element Al \Y (@] N C H Fe Y elements| element
each total

Chemical composition 5501 3.50

percentage %

- |[0.13] 0.05| 0.08 | 0.012| 0.25 | 0.005 0.1 0.4
6.50] 4.50

The main mechanical properties of the matensdéd were determined by the authors to guarantee the usage of the
practical values. The calculated properties are listed in Table 2.

Table 2Material properties used in the FEM

Property Value Unit
Elastic modulus 106247 MPa
Mass Density 4.4 g/cms3
PoiUUOOz Uuw 0.34 -

The research seeks finding the optimized parameters of the unit cells and the generation ofspeeiiierttip implant
design with good biomechanical properties. The designed hip implants will be tested numerically and irrat@yabo
in order to validate the performance of tihmplants under the real loads.
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The aim is to perform physical simulation tests to investigaefdhmability 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 specimer
that emerges from the device and is deformed by st@ss.of the study's priary 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 stdrsedviothe 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 isnthé no
direction. As it was found, the samples machined in the normal direction were the only circular steped.
temperatures and four forming rates were studied. The temperatures and the forming rate were chosen concerning the
hot rolling technology ofti s al l oy. Therefore, the temperatures were
were 0.001, 0.01, 0.1 and 11sThis publication details the effect of the temperature in the case of different forming
rates. The device with which the researchn 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 Windoased software coraper support that allows extensive
thermoemechanical simulation and testing.

CAEEBAE sYETEWN

Figure 1GLEEBLE 3500 thermanechanical simulatand the testing space

The GLEEBLE can be divided into three main units: mechanical, thermal unit and digital control. 3)4ten 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 numeroiis imaith

functions fao 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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INTRODUCTION

Packaging has nowadays become a critical part of the food product. Solvent residues in gravure printedrdartonboa
packaging can alter the taste and flavour of packaged products. In order to awaisteofind offlavour 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 imptant to investigate the cartonboard manufacturing factors related to the solvent retention of
cellulosebased folding boxboard (FBB) type packaging materials for the food industry, produced by gravure printing.

In this study, the influencef surface sizig on solvent (ethanol and ethyl acetate) retention and retéag@vure
printedfibre-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 adhesiyEs Prints are almost always applied to the outer surface of a food
packaging and are not intended to come into direct contact vath fdowever, 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. Fibrousiatsagsnd most plastics are not

barriers to migrants. Solvents in particular can easily pass through packages made of paper, cardboard2jr plastic.
Solventbased gravure and flexo inks used in packaging always retain some amounts of solvents in the final package.
Excess salent retention might cause the package to have an odour and can spoil the taste of food[Bfoducts

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, §4]d esters
Regularly used solvents, such as ethanol and ethyl acetate are considered a®rgdatdecompounds (VOCs) and

can be detected by gas chromatography (@&hod[5].

FBB type cartonboard is a cellulebased packaging material used for many packaging anghaakaging solutions
worldwide in the grammage range of 1880 g/m2.Folding boxboard is a multiply cartonboard, typically made of

three pulp plies: top ply chemical pulp; middle ply mechanical pulp or CTMP (cheftiermamechanical pulp);

back plyi chemical pulp. Depending on the emse requirements, top side of FRBn 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 mechanaaiyioally.
Papermaking process steps: headbox, wire section, press section, dryer section, surface sizing, coating section,
calendering6][7][8].

Sizing is a process, which is mainly used for improving the strength properties of papebobanédny 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 surfd8H%jizing.

EXPERIMENTAL

FBB type cartonboard samples produaesith surface sizing (Board ®1C6.9TC3) and without surface sizing (Board
H-SS0), then printed by gravure. The production profiles of both test materials wesartte, differing only in the
surface sizing. The retained solvent amount was measured by GC mettmeetiaterval times: right after, 1 day and 7
days after printing. Solvent retention ratio was than normalised in order to see the solvent emissiteristiar

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 cordteemapalay than
from cardboard with surface sizingo thestarch layer did rtoobstruct the ethanol emissioBy day 7,the ethanol
emission accelerated for both test cartons, more thanrfifthg of the remaining ethanol had evaporated from both
sampes, at this stage minor deviation was detectable between the analysed test boards.
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Two process phases of ethanol emissiene observedhe first, oneday long quick phase, when the ethanol emission
was intensive and exponential; the secondag longslow phase, which might also be a diffusion controlled process
when ethanol lefthe cardboard linearly.

Ethyl acetate retention ratio

The effect of surface sizing on ethyl acetate retention of two test b@asdexaminedBased on the results that dam
seen on Figure 2, 1 day and aléalays after printing, Board -8S0 without surface sizing had less retained ethyl
acetate compared to BoardNBC6.9TC3 with surface sizingThe application of starch layeturing surface sizing
inhibited also the evapation of ethyl acetatesameas in the case of ethan®otable, thatwo evaporation process
phases slow/exponentiahndfast/linear- could also bebservedhowever, itwasalsofoundthat the second, diffusion
controlled process was slowed down amel tesult correlated with the slower evaporation rate of ethyl acetate

¥ T B B
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Figure 1Normalised ethanol retention ratio of cardboa Figure 2 Normalised ethyl acetate retention ratio
cardboard with surface sizing (BoardMBC6.9TC3) and
without surface sizing (Board -BS0), measured ¢
different interval times

m Board H-S50

Board B-MC6 9TC3

The aim of this study was to evaluate the role and influensirdéce 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 Weanh iténtion was measured

by gas chromatography at 3 differanterval 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 aetathyl a
retention and higher emissiotine applied starch layer might obstruct the solvent evaporétticould also be noted that

two process phases sblventemissionwere observedthe first, oneday long quick phase, when thelventemission
was inteisive and exponential; the seconeljd/ long slow phase, which might be a diffusion controlled process when
the solventleft the cardboard linearlyt can be concluded that surface sizing haggact on the solvent tentionof
FBB type gravure printedartonboargackaging
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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 tsstind 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 dehydradiwh proper storage are essential [2]. The color as physical
characteristic ign important quality factors of tgdrated foods, as it affeat®nsumer acceptability [3]. Modifications

in mechanical characteristics are related to the textural attributtee dbod. 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 revehyehlatipdg5].

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 anatiehyd

MATERIAL AND METHODS

The sweet potato materidppmoea batatat.) was dried by various drying methods, i.e., lyophilization (FD), vacuum
pre-drying and freeze postrying (VD-FD), mid-infrared freezedrying (MIR-FD) and hotair predrying and feeze
postdrying (HAD-FD). The following parameters were used for drying: FD-g6= 2 0 A C, -80pPa, 51t823 h), VD
FD(predr yi ng: T=60AC, pdridg: =R%- 2 0 d C 7 -B0pFa,5d6=12 ) MIFED (predrying:
T=60AC, p= 1 ostdrying: T=26-25 Anti, BOpPaEite12 hyand HABD (pred r yi ng: T=60AC,
bar, dt=3 h; postlrying: T=25-2 0 A C, -80pPa,5B:11 h), respectively. The drying was carried out to a constant
weight of the material. The moisture content of thedamat the end of the drying process: FB,41% (w.b.), 3hVD

FDT 2,39% (w.b.), 5minMIRFD T 2,69% (w.b.) and 3hHAB-D T 2,07% (w.b.), respectively. Moisture content of the

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

method, 5660 g samples were used. Weighing was performed on a digital balancésQIKHadever Co., Taiwan).

The raw samples used in the experiment are-shlbped smooth surfacé with an average of 10 mm each.

The dried materials were placed in vacuum packagfhgica VT3112, LAICA, Italy) The packs were stored at room
temperature (t=2@ 2 AC) for 3 mont hs( qeQalorLitelsEh90@ spéctophotdmeferf @olorite ¢ e
GmbH, Katlenburg.indau, Germany), haress (compression test using CG4300 texture analyzer, Brookfield
Engineering Laboratories, Middleboro, USA) and rehydra
product were measured weekhll 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 ti(h& weeks)

FD =——3hVD-FD 5minMIR-FD  =——3hHAD-FD

f —— /_/_\/w
—_

Rehydration Rate, RR [-]
IS

0 1 2 3 4 5 6 7 8 9 10 11 12
Storage period (weeks)

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

From the rehydration rate curvésig. 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 VEFD mehod 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 1Changes in color and texture during the sterpgriod

Designation 0-12 weeks

Color dif 0 1 2 3 4 5 6 7 8 9 10 11 12
FD -* 134 | 155 | 212 | 155 | 355 | 469 | 3.26 | 489 | 522 | 583 | 5.22 | 5.34
3hVD-FD 436 | 455 | 578 | 6.22 | 599 | 684 | 7.23 | 715 | 822 | 9.11 | 8.46 | 8.26 | 8.48
5minMIR-FD 711 | 6.65| 733 | 762 | 822 | 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 121|102 | 130 | 165 | 139 | 1.87 | 1.22 | 1.38 | 1.88 | 2.04 | 2.18 | 2.16 | 2.20
3hVD-FD 498 | 522 | 467 | 478 | 477 | 528 | 589 | 5.16 | 436 | 492 | 506 | 455 | 4.62
5minMIR-FD 382 | 333 | 358 | 402 | 444 | 448 | 488 | 419 | 456 | 483 | 445 | 479 | 4.56
3hHAD-FD 6.50 | 6.23 | 677 | 7.21 | 7.76 | 814 | 8.05 | 8.27 | 843 | 8.21 | 8.38 | 8.24 | 8.49

*Freezedried (FD) samples are the standard.
A0 0 dlade the vialme®f the dried product before packaging

The cola difference(n 9of the samples in vacuum packs shows an increase during the storage(patiedl) This

was mainly due to fading of the product (increase of th@arameter). For samplésied by combined method¥D-

FD, MIR-FD and HADFD), theqE increased slightly over the 12 weeks, but increastadd4for lyophilized material

(FD). The color difference between the MFD and HADFD samples is already in the range of significant deati

[6].

The texture of the packaged products also shows a slight increase, mostly negligible, excepEfbsWeet potatoes

(stable texture). The increase in texture of the product means that the material becomes harder (increase in resistance of
the maerial, N). The largest chang@egative- in texture is observed for the HAED product.

CONCLUSIONS

Freezedried and combined dried sweet potato cubes were vacuum packed at room temperature and the color,
rehydration and texture of the product were rtameid week by week over a -ieek storage period. It was found that
vacuum packaging was suitable for packaging lyophilized and hybrid dried product with hygroscopic characteristics.
During the storage testhe product with the most favable physical andnechanical properties was prepared by the
vacuum preand freezgostdrying method¢3hVD-FD).
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Deeplearning techniques are widely used to classify sofibhdsA measurement and data acquisition system and a
computer program have been developed to reqomtess, and classify sounds recorded by an underwater microphone
(hydrophone)using deegearning techniques (artificial intelligencefrom a practical point of view, one possible
condition monitoring possibility is the phenomenon of cavitatMibrations caused by cavitation and erosion of the
pipes are potential damaging factors in the following caggieg systems. To prevent damage, a detection method
should be developef®]. The detection of cavitation phenomena is particularly desirable in polaetsoccurrence

from outside the pipelines during operat[8h. In this studypump soungphenomena were investigated experimentally
using microphones placed insidetank. Another example is a lowost leak detection system that is fast, accurate,
traceable, and automated.

¥
rav. 3]

faﬁk bup, n hydrophone system

However, by using acousticensorsthe system eliminates the drawbacks of current techniques in the industry that
require manual labor and are operator dependenthis 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 mediuBy interpreting the acoustidata, and some future applications that
could improve the management of pump maintengéeWe outline what could be the potential of novel, #teak
method to detect and address problems in a timely maRn#ing bearings are key components of céngal pumps
bearings reduce friction and maintain the impeller rdtomproper alignment with stationary parts under the action of
the crank whealadial and transverse loads. Efficient fault detection of beasdlhgws appropriate preventive measures

to be taken in good time &nd improve performance. Arasy to implement yet effective method for bearing detection
anddiagnose pump bearing failuréBo achieve this, we plan on using different neural network architectures such as
Multi-Layer Perceptra)(MLPs) and Convolutional Neural Networks (CNNS5)6,7,8] Here we showhe evaluation
metric of the problem will be "classification accuracy”, defined as folltves percentage of correct predictions.
Accuracy = correct classifications / number of dfisations. Classification accuracy is considered the optimal metric,
since we assume that ttieat the data set will be relatively symmetric, and that thisnsiléiclass classifier, where the
classes of the target data will be of generally uniform €tber metrics such as Precision, Recall (or, combined, F1
score) are excluded as thaye more applicable to classification challenges that involve relatively small target classes in
an unbalanced data seOur results demonstratbe zerecrossing rates the rate at which the sign changes with the
signal this feature is used extensively in both speech recognition and music information re8pmattal centroid
indicates where the "centre of mass" of a sound is located and is calculated as therdvesigit@ige of the frequencies
present in the soun@pectral rolloffa measure of the shape of a signal. It indicates the frequency below which a certain
percentage of the total spectral energy is present3®8%.The MeHrequency cepstral coefficiensIFCC) of a signal

are a small number (usually-P0) of features that succinctly describe the general shape of the spectral envelope
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Figure 2Underwater microphone recordings by hydrophone in the tank during pump operation

We anticipate our system tme 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 intéliigedce
sensor system development will be relevant mhsdevelopments.
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Cast parts ofthe automotive industry have to meet several strict requirements that Haeprtmven during theentire
production process. In order to enstivese requirementdijfferent examinations have to be carried out during different
stagef the production process. These examinations can be destructive-destonctive methods.

Thermal analysissia nordestructive method, which based on the analysis of cooling cofvike alloys.With this
method the metallurgical and metallography propertiesastingscan be predicted and optimizeéthermal analysis
methodsare used sinc&931 in case of ¢airon alloys. As a result of trentinuousdevelopments it has starteduse

in case of aluminium alloys in th&980s There are two methods for the thermal analyfi® so calledone
thermocouple method, and the tvtbermocouple method.

Incase oftheone her mocoupl e met hod, whi ch i senenrtishbreed outwitteondi c | a s ¢
thermocouplewhich ispositioredin the middle of the test specimen. The data of cooling curve are recorded, after that
the first and second derivativaredetermined.

insulation

Ceramic
crucible

insulation

stand

Figure 10Onethermocouple method

In case of the twthermocouple method the measmment is arried out with two thermocou@eOne thermocouples
positioned in the middle of the test specimen andtheroneis positioned near the wall afpecimen The data of
cooling curves are recordedndthe first andsecond derivativeare determined similar to the previous method. In
addition the temperature difference of the two thermocagite recordedob andbased on ti, the dendrite coherency
and rigidity points can be determined.

to data acquisition

Tw | Tcl system

insulation

thermocouple

steel
crucible

insulation
stand

Figure 2Two-thermocoup method
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One of themost importanepplication of thermal analysis is the determinatiothefefficiency of thegrain refirement.

By the help of the methodhe undercooling of ligvidus temperature can be measiiréus calculatedvalue is smaller

the grain refinement is more effective.

One of the most harmful contaminants of-@il castingsis iron, which can appear in the form of iron contained
intermetallic phases: for examplsFeSi (Chinese script shapeldphase, AlsFeSi fieedle shape®-phasg and
AlsFeMgsSis (“ -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 analgis.
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Suppaing 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 favourabéese 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 fromtkeemors 6 compet ence.

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 comphestigesection 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 threréwed 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 intersectssthe axi
of rotation of the workpiece. The anglewimic i s c¢cl osed by the feed direction
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 ieg geometric analysis, mathematical and geometric design of form tools in general way for

manufacturing development of body of revolutions having complex geometries.

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

Table 1.The properties ofhie 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

i [ [ [ [ i i [ [ [
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Figure 3The position of the angles on a tangentional form tool
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The pharmaceutical industry is constantly working to develop the most optimal drugrgletiedia.We have been
working to develop a materighat can replace thgelatine capsules used today. We saw this as necessary because
gelatine carrier capsules have soamelesirable properties that could be eliminated. In addition, gelatine is noade fr
animal collagerwhich makes its use in certain lifestyles and religions not beneficial. Todatlie modern world,

more and more companies are trying to reduce the use of amas@dl raw materialsn their manufacturing processes

and plantbased prducts are becominghore commonThe use of a natural polysaccharide matrix can replace the
commonly used polyethylene glyc@PEG), which causes allergic reactions in some patients. The coen®silso
positive for patientdy reducing the side effectaused by the caars of the drugs. The cellulatructure helps to use
fewer active ingredients and absorb them more effigieiihis has led to a number phportant in many diseases, as
individualised dosing enhances therapeutic effic&yr aim was d produce a stable floating formula by foaming.

Among the matri x component s, pectin proved to be

the active ingredient and then foamed with air at atmospheric pressure using an ultraswgenizer. 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 1MicroCT 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 uncordgpukad df 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 [dloria the general packaging sector, food
packaging has the highest demand for plafitjc 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 materidll] [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 cobination) 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 comsptsinto 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 quiuced 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 edilsfecoating were studied.

ULTRASOUND ASSISTED
AND CENTRIFUGE
N .

f = s
°
© ) "
N ® o o
HOMOGENISED
EDIBLE y —] ;& e
(e000000) N '[Ho/\/\ow‘
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HOMOGENISED N —
BUBBLE FREE

Figure 1The production of the filnfrom Psyllium husk flour
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RESULT

During the production of the filnfFigure 1) the psyllium mucilage was treated using ultrasonic cavitation, which
affected the structure of the arabigtan macromolecules containing the psyllium husk flour: by changing it, it
drastically reduced the viscosity of the psyllium mucilage, which helped the production of tli&] filrhe mechanical
properties of the film determine its durability and suit&pifor 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 theopraduetiible 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 ipelines are usetb transport different media rigde oil, natural gas, etc.) worldwid&hese piping
systems can contain a large number of girth welded j¢intse than 30,000 on the Hungarian system alpmgich

must be evaluated at the design stigassestheir fatigue resistance. The repeatitartsip and shutdown events, the
changesn 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 coostoiqtipelines, 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, angdlmse p
cracks may cause catastrophic fractufesll-scale fatigue and burst test are the best ways of assessing the crack
propagation resistance of a natural gas pipeline, especially @ cdsthe girth weldsin the case where we can
superimpose exteal 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 papertar@troduceour full-scale pipeline fatigue and burst tests applying cyclic
internal pressurena superimposeeéxternalbending stress on girth welds, furthermore, attracting the importance and
the applicability of the investigation results.

A uniquetest system has been developedtfercomplex loading of pipeline sections by cyclic internal puessand
external bending. In the thrgmint bending arrangement, thested girthweld was positioned in the middle of a
nominal 4 neterslong pipdine section; the bending load was set via a load cell and checked by means of a deflection
meter. The exp@mental setup is shown in Figurelthere vater was used as the internal test medium

;| et e

b b 0 3 38 a
a) Load cell and deflection meter b) Transfer of external load c) The whole pipeline section
Figure 1Experimental setup for cyclic internal pressure and extéeraling

The investigategipdine sections were made of P355NH steel with a nominal diameter of DN100 (114.3 mm) and a
nominal wall thickness of 5.6 mm. Thested girthwelds were made byanual metal arc welding and were inspected
by visual liquid penetrantand radiographitests (VT, PT, and RT, respectively)

Three pipeline sections were tested in the first phase of thechllk testsThe first pipdine section (Y3) wanly
subjected to a burst tesfithout fatigue testing and externaéndingloading. The second pifiee section (Y2) was
subjected to théursttest after 100,000 cycles of internal pressure loading, both without exbemdihgloading. The
cyclic internal pressure varied between 60% and 100% affibeationapressurg64 ba). For the third section dhe
pipdine (Y5), external bending loads were applied during the cyclic loagifg,000 cyclesand the burst test. The
appliedstress from bending was twice the axial stress fitmenmaximuminternal pressuréAfter the fatgue tests, the
radiographic examinatiofRT) of the examinedjirth weldswereperformed again.

During the fatigue testayhere the applied frequency was 0.2 H® change in the internal presswaue and the
deflection value and its variation were cowtbusly monitoredThese values were recorded every 5;80D0 cycles,
with a time interval of 580 cycles (256800 s).
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Figure 2illustrates the internal pressure vs. burst test timgrdias of the investigategipeline sectionswhere the
arrows indcate the burst pointburst pressures): YB 447 bar, Y2i 447 bar, and Y5 446 bar The pressurérop
parts of the diagrams demonstrate the volume expansions of the pipeline sé&utidgng.the timewith decreasing
pressure, the test system took wdtem the external water networkigure 3 shows thavestigatedpipdine sections
at the moment of failurevhere the water burst with huge force through the split area
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Figure 2 Internal pressure vs. burst test time diagrams during the burstftéisépipdine sections
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Figure 3 The investigated pipeline sections at the moment of their failures

The full-scaletests have confirmed the high lebdaring capacity of thgirth welds produced to the required quality.

The failue of the tested pifiee sections occurredimilarly, but in none of the cases ingirth weld, with failure
pressures significantly higher than the operating pressure. Neither the cyclic loading nor the cyclic loading and applied
external bending loadr(this magnitude}pignificantly affect the pipeline sections' failupé2, Y5). However, further
full-scale tests are needed, both under higher axial stresseshoemternabending and using artificiadirth weld

defects on the tensile bending strade sf the pipeline sectian
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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 modul u
steepness of the renge 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 additionthe 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 die¢etime range and the most influential parameters. In this
study, a cold Wshaped bending test of AA 6184 was numerically investigated using AutoForm. Different ranges of
die radius (Rd) and punch radius (Rp), coefficient of friction, and blank holdiog (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 predjcaspramount to
stretch Ubending of high strength aluminum alloy (HSAA) have been numerically studied. Even though all considered
parameters affect the geometrical deviations from the intended shape, but théudigRa)dis 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 materialdcahe reduction of the tangent modutosanalyze the kinematic
hardening behavior of the materiakigpressed as:

O Op o1p Q
WhereO initial tangent modulus© is deformatio-d e pendent tangent i allparametet nalled s , b
young's reduction factor and 6 is saturation constant.
The nonlinear reverse strain is approximated with an inverse hyperbolic tangent function and for the sum of linear and
nontlinear reverse strain the following expression can btemwri

—— 001 O®OE—

O 1 G,

where,, D is the isotropic stress depending on the reverse plastic strain and K is a material parameter representing a
typical strain distance affting the steepness of the reverse stress cyrje { is total reverse strain, is linear

reverse strairn;  is nonlinear reverse straifhereforep , 6 , willgplaydessintiatolesin the physical experiment

to analwe springbak. 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 carriedthatitally.

SPI enables engineers to improve the forming process systematically. Systproagssimprovement brings
transparency to the forming process by showing which design parameters influence the part quality and to what extent.
The acceptable andefectfree design parametefar the simulationof stretch Ubending of highstrength aluminum

alloy are listed inrable 1

Table 1Design parameters for simulation

Geometrical parameters Considered Value Accepted value
Die radius (Rd) 3-10 mm 56,789 & 10 mm
Punch radius (Rp) 3-10 mm 3,4,5,6,7,8 &9 mm
Blank holding forcg BHF) 3,4,5,6,7,8, & 9 kN

coefficient of friction( € ) 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 spifirighstadown
in Figure 1 Figure 2also demonstrated the effect of BHF and coefficient of friction to flange spdkgbdon the
constant of coefficient of friction and BHF respectively.
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PREDICTION OF FLD USING GURSON MODEL FOR SIMPLE FLAT SP ECIMEN
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In the past century, the prediction of ductile damage and fracture of metal materials undexdoaahgs 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 fume of metal ductile. GTN was originated from Gurson and later improved by
Tvergaard and Needleman. The improvementsistson introducing an equivalent void volume fractiband two
more parameters calledandgi nt o t he vyi el d odeltooodelahe completeGoss of laeatrgirey m
capacity at a realistic void volume fraction.
The yield function of the GTN model can be expressed as
LJAQ — P QAT®-—)clg @ m
Wh e rmés thé mean stresdyqis the macroscopic von Mises equivalent stress;
0m =— is the mean stress; is the equivalent stress of the matrix materéal;and gz are adjustment parameters
introduced by Tvergaardhe equivalent void volume fraction f is a function of the current void volume fraiction
- Q Q Q
nQ TQ nQ nQ nQ nQ
The GursoAlvergaardNeedleman (GTN) model, is widelused to predict the failure of materials based on lab
specimens and its direct identification is not so easy to acquire, where time and financial investmeetied. The
Gurson model is based on mieamechanical behavior of ductile fracture, whereidvaucleation, 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 comparidogtweendifferent paramets 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 ortieeestimate the material parameters of the GTN it is made an inverse
procedure aimed to estimate the material parameters of the GTN pdras#y plastic damage model by means of
RSM method is represented. Results are showed with agreement between eaxperamd predicted FLD when
determined GTN parameters were utilized. For the BEnulation Abaqus software is used to predict FLDs.
The predicted FLDs are compared with experiments involving aluminunsalloy
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ON THE TORSIONAL RIG IDITY OF ORTHOTROPIC BEAMS WITH RECTANGUL AR CROSS SECTION
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The paper deals with the torsional rigidity of homogenous and orthotropic beam with rectangular cross section. The
tordonal rigidity of the considered beam is defined in the framework of the-Saimnt 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 givemaximum value of the torsional rigidity for a given creestional 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 subjectesicioaidoad. The material of the beam is
elastic, homogenous and Cartesian orthotropic with shear mi@uli 'O and"O  "O. Although the exact solution

is known for the twisted orthotropic beam with a rectangular cross section4],,2h& basic formulae are given for the
simplicity, which are directly connected to the torsional stiffness.

T
[ y y
'y <& =
i . Z
b} |Go G A a

Figure 1Beam with torsional load.

The Prandtl stress function formulation is used. The exact value of torsional rigidity is obtainechiayaue of an
infinite series. Paper presents upper and lower bounds for the numerical value of torsional rigidity. THé dowehe
upper"Y bounds of torsional rigidity with the exact value of torsional rigidity as a function of ratio of shear moduli is
analyed.

T 1°0"00M &

©wh0 &0 P
100V 0 L
00 00 Ov v <

Determination oftie size of rectangular cross section whose torsional rigidity has maximum value for a given value of
crosssectional 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 sincethe advantages of the layers made of different materials can be wellednawhile their
disadvantages can be reduced or eliminatdéerefore it is very important to understand the mechanical behavior of

the layered composite beams and the influencthefconnection 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 aanalytical solution for the twayered composite beaoolumns with imperfect shear connection.

The considered beam is simply supported at its both @easFigure 1)The beam is subjected to transverse load and
constant axial load. The kinematic asstioms of the EuleBernoulli 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 relalie 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.
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Figure 1Layered composite beaoolumn, its applied load and cross section.

In paper [1] the EuleBernoulli beam theory was utilized to describe the static behavior of composite beams with
interlayer slip. Since then, a lot of papers, studi@gehdealt with the problem of layered beams with partial shear
interaction based on the results of Newmark et al [1]. In the present papedafi&igion formulation is presented to

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

Ecsedi presented a second order analysis of compositedmamns with interlayer slip. The considered beam carries

the transverse load and constant axial load [2].

The beancolumn at both end is simply suppatteand 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 functiofwo examples illustrate thepplication of the developed analytical method.
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Regardless of the casting technology used for manufagtoast components, liquid metal quality has an essential role

in providing high structural integrity, mechanical performaneasd the avoidance of casting defects like porosity,
leakage, hotears and crackg1]. Even the first of the welknown ten ries, created by Campbell [2] to provitie
fundamental requirements for the manufacturdigfrquality metal casting , emphasizes the i mpor
withagoodgual ity meltodo. To ac c-trangfdr, ansl mejptotessmgteps neexl tomecarefullypn g, m
selected, executed, and controlled. However, as revealEdzbgt 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 affectieel ioypurity

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

Machined sample . ..
_ _ :,’

W,
a®

Furnace e

Incoming ingot

Quality ranking

@

Computed
Tomography

» Sample
preparation

Image analysis

Furnace 750 °C, 1 bar RPT apparatus 25 °C, 80 mbar Quality ranking
Figure 1The scheme of the quality assessment of the ingot material

The reduced pressure test (RPT) is a valuable tool for liquid metal quality assessmertbleciogeveal the presence

of bifilms by utilizing the phenomenon of bifikimitiated pore formation [®]. 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 glumitgrev

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 crossection of the sgcimens. 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 selectedvayahat 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 rasselectadll osest to the simul a
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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 ofithitedsbatches made from the
ingots. Basedn 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 researcharsrregarding 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 aredeiasing 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 odeting 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.
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Figure 1Symmetric modelling of stamping process of stainless steel AlSI 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 ofibbg weldable and ductile. Its Young's modulus is E=200 GPa and its Poisson's

ratio is «=0.29. Several hardening laws have been tested and Ludwik's law seems the best suited to describe the
behavior of Al SI 304 by | i rekkiomrgnatth eo nf [Upw [slt]r. e sTshisy |taow

w . U8
WhereA , 0 and n are intrinsic characteristic related to material, tizene the values defined in thafle 1

Table 1: Hhrdening Parameters of AlISI 304

Parameter Fe K n

Value 197.3 (MPa) 1340.6 (MPa) 0.64
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Figure 2Flow 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 symmaétr the half of the model was carried out in the simulation in order to decrease the time of
calculation.

The calculatiorwas done using Abaqgus software.

RESULTS

Distribution inthe deformed body has shown iig#re 3
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Figure 3: Von Mises Stress distion in the deformed body
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ULTRASONIC POWDER ATOMISATION FOR ADDITIVE MANUFACTURING
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Ultrasonic atomization is used to obtain fine metallic powders to be used further in additive manufalctutiig.

article, a metal powder production technology based on the ultrasoniersgutinethod 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 is68microns. The raw material is melted with an electric ahighvis 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.
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Figure 1Different 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 partislaill be connected (fused, sintered) in the printing process.

The left side of the first figure shows the SEM image of @RH steel powder made by gas atomization and below it
the grain size distribution, while the right side shows the grain sizebdistm 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 gtlaveflemhich
depends on the magnitude of the frequency, the energy distribution and the {oiwsigoal properties of the liquid.
The most important factor is the density and surface tension of the liquid at thediigunterface. 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 (S&) is a most commonly used solar enesggtem.t absorbdgncidentsolar radiation, converts it
into thermal energyand releaseghis energyinto circulating air. SACs are main components in many engineering
applications, such as space heating and crgip@l[1]. Various researchers have conducted experimental and analytical
studies to improve théhermal performance of SAQ] These studies require a lot of time and are comparatively
expensive Therefore, soft computing techniguzan be used to avottiese problems. Atrtificial neural network (ANN)
technique isusedto predid and optimize the performance of SBLC Kn r e ¢ eANN hagl®eomiacreasingly
popular in numerous engineering applicatiansl has been used any researchers in many fisl[4]. The structure
and behavior of this technique resemble the human nervous system. In,gbeetalictureof ANN cosistsof three
layers,namelyan input layera hidden layerand an output layer. This network structure is the mostmonmodel

ard is called multlayer perceptron (MLP). Each layer has a certain number of ,smdilvidual, and highly
interconnected processing elements called neurons. ANN opékate black box modeindcan predict the desired
output of the systerwith limited training dataThere are numerous algorithms for learning neural network madets

of these algorithms, LM is the most poputiare to its fast computing and minimwarrorrate[5].

The aim of this research tig predict the energy efficiency of a Yorugated solar air collectasingthe actal weather
data of Miskolc city Hungarywith the help ofANN. Six input parameters such as date, time, solar intensity, ambient
temperature, mean plate temperature and air outlet temperatwsedne the inputlayer. Energy efficiency is used as
output parameter in the output layértotal of 112 data samplesre usedfor prediction, of which,70% are usedor
training, 1946 for validation,andtheremaining 15%or testingthe model. The number of neurain the hidden layer is
determineddy trial and error. However, 2 to 14 neuromsreexamined. The lowest mean square error (\W&#i)e and

the highest correlation coefficient (Ralueindicate theoptimal neuronmodel.From the statistical analysithelowest
value of MSEfor training, validationand testings 1.23E04, 1.8.8E-04, and 6.3E-04, respectivelyand the highest
value of Rfor training, validation, and testinggere 0.99917, 0.9%5, and 0.9948, respectively. These valuegere
found for a numberof 3 neuronscomparedwith the values obther neuronsThus, the &-1 structureis the optimal
neuronmodel The regression pldor this structureis shownin Figurel.
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Figure 1Regression plot of-8-1structure
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The best validation performance aoedin epoch 87 wherethe MSE during validatiowas0.0001518in addtion, the
training processvas terminateth epoch93 because the minimum gradient ervaasreached.

The prediction accuracyf ANN is also observeftom the histogram error graph €éig.2). It can beobserved that
most of the errors are neilue 0 point error line Therefore, it can beoncludedhat theneural structure-8-1 with LM
learning algorithm is the optimal model faccurately predictinthe efficiency of SAC.
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In industry, mixing is a common operatiorMixing granular materials can be done for several purposes: e.g.
homogenisatioror segregatiorof the granular materigl but also during coating or drying.fferent designs, layouts,

and operating parameters are available depending on the mixing purpose and the mixed .nidtergparatus
requires sizing of the electric motpower that performs the mixing. Underestimating the power of the mixing motor
will resultin theapparatudeing urable to perform the mixingperation 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 andigntity of the material to be mixed, as well as the geometry of the n@giparatus

The analysis of thditeratureshows that researchers have carried out measurements and simulations of mixing power
requirements, but there are few literature equati¢hs [@]) availablefor the determination by calculation. These
equations differ in terms of equation form, range of validity, typepplaratusindmixed materias. Tablel summarises

the literature equations.

Tablel. Mixing powerequationsn the iterature for mixing granular materials.

No. Ref. Equation Test facility Material Validity range
1 [1]  Experimental: Segmented corn scratch p . p
0 p8ioc” " 0t a'® curvedribbon and T 4 & B X
Dimensional analysis: impeller icing sugar ™y a ™Y
0 0 - 0O ¢
"0 ¢ O
0 PR YT TW ¢ T
2 [2]  Experimental: horizontal corn scratch . P
0 ™o whiawQ helical and L @ € paXT
Dimensional analysis: doubleribbon icing sugar ™Y a ™’
O "o & impeller
0 -
"0 ¢ @)

O TR Q) T8 Qp

3 [ g g .. g G B rotary kiln . QO oA o
U M YPPTUO® |5y & - pCTER CUJ|gey LTI
andp o &
4 [3] Double helical ribbon impeller: stirred tank glass particles p p

’ ™7 € Pp

, 08
U ppPHE o € (0]
00 = 0w
Pitched blade ribbon impeller: e (0] &
8

5 "O 1 8
O popyg ¢

The literatureequations werereatedby fitting functions to measured daffd]i [3]), by mechanical derivatia{4] or

by dimensional analysi§1], [2]). For mixing element installaths with horizontalayouts rows 1 and 2 offable 1
summarise the equations found in the literature. The equations include the geometric dimeriidi@ specific to

the apparatusoperating parameterg [PIQ and some material properties of the mixed materialll MO . Their

range of validity is given by the range lofading factor & and rotationalspeed ¢ tested for the different mixed
materials. Row 3 ofablel 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 materitthe mass of the

material & mixed in the drum anthe angle ofepose | as material specific parameters. In addition, it includes
some geometric parameters of the rotating drifDIH) and the rotational speed . The equation is validated at
two bulk densities and the range of validis given by a range dbading factorand a range afeposeangle | . An

equation for a verticdhyoutof mixing apparatusvas alsacreatedor two types of mixing elements and is presented in
Tablel, row 4. The eqation and the range of validity are given by two parameters: the ratio of the diameter of the tank
'O to the height of théulk in the tank 'O and therotationalspeed.
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The literature mixingpower equations listed inrable 1 are not applicable tonaagitateddrum. Thus, one ofhe
objectives was to collect parameténfluencing the mixing powerrequirement Another objective was toreatean
equationusing dimensional analysighich is able talescrike the mixing powerrequirementn the agitatedirum shown
in Figure 1.

Winp

Amp

Figure 1. 3D model of the mixing drum on the left and the mixpagidleon the rightwith the dimensions
(0 : drum length’O : drum width,"O : drum height : mixing paddle width}O : mixing paddle height,
| :mixing paddle inclination angl®, : mixing paddle force levet,: rotational speed(Q gravity)

Based orthe literature,p ¥} wparameters influencinthe mixing powerequirement were collected. These were the
parameters describing the geometry of the mixing drum (drum length, drum width, drum height, padathewidth,
mixing paddleheight, mixingpadlle inclination angle, mixingpaddleforce leverhnumber ofmixing paddlesapparatus
wall friction coefficient), parameters specific to the mixed material (typical particle Isigke density, bulk friction
coefficient, static angle of repodmylk cohesve force) and operating parameteraufd loading factgrrotationalspeed,
gravity). Then, using dimensional analysis, the equaifdhe mixingPower numbefor the agitated drurwascreaed.
To determine the unknown exponents in the equation, laboraieagsurements were performed with-ciy hulled
millet. Using the measured data and a nonlinear solver, and based on literature data, the unkopemsgere
determined. ThereatedPowernumberequation is as follows:

0 i T@6%° 0 "0 o 8
The ain the equation denotes tldeum loading factqr0 the dimensionles€ohesion number andd the mixing
Froudenumber. Multipliert & contains the parameters that can be taken as constant, i.e. the geomemgials of
the apparatusaand the unchanged parameters specific to the granular matdmaimixing power requirement can be
determinedrom thePowernumberequation

0 06p 0O €&".
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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 whiehb&coming 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 complexstasidefine 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 efmddel in systems engineering regarding the tgstnd

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

l evel requirements. This solution was also applied for
one slould 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 orhubesbnfiguration). Richard Matthaei

and Markus Maurer [2Jalready developed a tafpwn approach with threlevel 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 fancta | parts of HAperceptiono wi
independence which in these terms means that no platform specific requirements are included for e.g. cruise control.
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Figure 1. Separation of HighLevel and LowlLevel functons with modular design

The suggested solution in this article replaces the 4ered design from [2] with a twdevel one, named according to

their level of abstraction: highand lowlevel control. This separation was done in order to differentiatevden
vehicleindependent (e.g. mapping) and vehidépendent (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 thvehicle control targets based on the predecessor thesis [1]. This means tlevdligontrol is
responsible for perception and route calculation alongside with state control functionalities dedelogontrol is
responsible for platform dependent ftinoalities 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
M1.1 - Detection Camera image Cone image coordinates X X
ML1.2 - Projection Cone imageoordinates | 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 cahandle both conventional drivetrain with internal combustion engine and electric ones. The key
role in this devlpment is to discretize the main functionalities which are drivetrain dependent and the ones which are
not. As an exampleactuator management is needed to generate reference values for steering control and gearbox
control as well if the drivetrain has @mernal 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 contimrsengine with respect to compatibility with electric drivetrain and
capability to drive the cdrothin manual, and in driverless mode withoubdification.
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The operating temperature of the standard s&eforced aluminum conductors (ACSR) of higbltage transmissn
systems is |limited to 80AC due to the annealing effect
carrying capacity of the conductors [2]. Higher operating temperatures could mean larger capacity [3]. This is the basis
of the hgh-temperature low sag (HTLS) conductors [4]. One basic type of HTLS conductor contains wires produced
from heatresistant aluminum alloys [5] to increase the temperature of annealing processes. This proves the larger
strength of the conductor in elevatesnperatures. So, the operating temperature of the HTLS conductors is larger than

8 0 AC -2(110540C) . The overloading or emergency cases can ¢ca
temperature. The scope of the presentation is to examine amgh® 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, @hvironmental conditions have another important

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

aluminum conductors are complex structures themselves. There are complex niethibes 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 testsmplkeds
interpretation. The introduced tests and comparisons follow this scheme.

Three types of steegkinforced aluminum conductors are tested: |. ACSRAR6%/34-ST1A, Il. AACSR 185AL4/43-

ST6C, Ill. AACSR 264AT1/34-A20SA. AL1 denotes coldrawn 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 ultsthégigth teel wires. the

AT1 denotes the coldrawn heatesistant wires. A20SA means the aluminaledded 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
cnductors next to the construction. The standards sho
construction. Therefore, those constructions which have the same calculated elastic moduli are chosen.

The standards (e.g., EN 50182:2001) usetdnsile 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 strandedtstruthe testing of the conductor is used. The most important
mechanical property of the stranded conductors is elastic behavior. This is described well by teeatidsst where

the conductor is loaded with different stress levels for a certain(EMe&0182:2001). The result of the test is evaluated

by a polynomial which contains next to the stresain function contains the effect of the sherm creep (Fig. 1.).

This polynomial is used in the modern calculation methods of the span, sateaadae.

Samples of the chosen conductors are heated up by cu
Additionall vy, ot her samples were heated up also by the
hours. The tensilstrength 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 differentext. 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 strengtt
was measured too. These results show the maximum eftdre 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 asesehere, 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 1Stressstrain polynomials of the reference conductors without any heat treatment.

Next to the wire testing the stresain test also was performed on the tempered conductor samples. The polynomial
functions have contained the effect of tempering e 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 Il shows the smallest extent of changes in tensile strength due to-tlesibeatt aluimum 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 Il show an interesting result
dueto the high strength of the steel wires. The lecture shows the results and the comparisons in detalil.
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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 oftenform azeotropgswhich make the separation more difficiior BD, a dynarit optimisation problem has

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

the process modateratively within the range of optimisation variables. However, when a$loget simulatois used,

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

techniques require a large number of &®&luationswhich increases the compitibnal intensityof the optimisation.
Hegely and Land1] investigated the use af geneticalgorithm to optimise theecovery of methandfin a purity of
99.5 mass%) froma five-component wastsolventmixture acetone (A0.07 %),methanol (B37.4 %), tetrahydrofuran
(C, 4.89 %),water (D 56.34 %) and toluene (E.56 %) Several azeotropes are formed:BAB-C, B-E, GD and DE.

C and Eareremoved intwo fore-cuts(fcl,fc2) causing a considerable loss afwghich is obtained as main cut (mc). An
after cut (ac) is also taken and recycledearease the loss of B and purify the residue D.

For ths process, Hegely et g2] suggested a surrogate moethalsed optimisatioSMBO) technique tadecreasehe
computational load. The evaluation of surrogate models (SMs), which are simplified moitteioin the inputs and
outputs of rigorous modelshose behavior thegnirror, requires significantly less computer pow8imulations were
run by aflow-sheet simulator (Chemcad) irsatof points in the space of the optsation variables that were ptaced
via Latin Hypercube Sampling (LHS). The ALAMO machine learning technique was then used to fit al§&bsaic
the simulation results in order to describe OF and the constraintss@@®the ensuing optimisation problem with
ease. The simulationtaitcomes weraccuratelyreproducedy the SMs The number of simulations was reduced from
3000 to 1000, the profit obtained by t8&BO wasby 5% higher than that of Hegely and Laig. The flow chart of
SMBO method iss follows:

Generation of ChemCAD Valugs of dependent
i > : > variables based on
test points (LHS) simulation _
T the test points
G ti f
No Aeri:::fr\e e, Surreongzrtae |:1r;§e|s | Optimization .| Validation of results
7 by Mapl by ChemCAD
feasible points? (by ALAMO) 'y Waple y Chem

Reoptimisation fordifferent prices of methanol €p is possible with SMBO without further simulationg plays a
crucial rolein the profitability of the process. Therefore, the goal of this work is to study the influetioepefon the
optimal operation ofhe BDproces.

The treatmenof a batchconsists ofive steps. IrStep 0, the column is heated with total reflux to approach ststady
conditions which takes 360 min. At this point, the condensate contains mainly B ,amithGa composition close to the
azeotrofc one.A first forecut with reflux ratio Ris taken inStep 1. Heremost of theC and E is removed with the
considerable loss of B. This step ends whgg€r; where X cis the instantaneous mass fraction of C in the distillate,
and Ci is the stoppig criterion for Step 1. This foreut is incinerated. Iistep 2,a second forecut with reflux ratio R

is taken. Since the pollutant concentration of the cut is still very high and theisiderable amount of B in the
secondore-cut, it is recycld to the next batch. This step ends whegrs.

Step 3 is the main cut (B product) witleflux ratio Rs. This step ends (because of the increasing) xvhen
Xme,8<0.9952 where g is the mass fraction of B in the main cut. In Steprac with R4 is taken to eliminate B from
the still residue so that it can be sent to biological treatment. @hasaa considerable B content, and it is recycled to
the next batch. Taking of the cut is finished when the B content of the still resigg)ebecomes laver than 0.25%.

CALCULATION METHOD
The columncontains27 theoretical plates (including the reboiler and the total conddgid§eihe toppressurds 1.013
bar, the total pressure drop is 0.25 bar. The volume of the chargenid 2®Id-ups: condenser0.45 n¥, column: 0.05
m?/plate.Reboilerheat duty (@=1800 MJ/h) provided bysteam of 3 bar (heat of condensatieF2263.5 MJ/t) OF is
the profit of a single batch.
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where: p: price of methanol, 0.46 US$/kg,n mass of the main cut, kginc: price of incineration, 0.21 $/kg, wi:
mass of Foreut 1, kg,pst: priceof steam, 57.6 $/t, t:udation of thewhole process, h.
The optimsation problem is subject to the inequality constraints XmceO0 . 9 R5 Bo /X200 . 1R 7
Xic2E/Xic2,80 0 . hBre X8, Xic2,c and X2, aremass fractions d8, C and E irfc2, respectively.
Congraint 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 accumulatedcid so that it can be recycled to the next batch. The optimisation variables
are: R, R, R;, and Cy, Cr.. Influenceof Rs on OF is negligibleAs an example of the SMs, model of t is:

0 WY pEOY XY WA wod ofv DY ¢BWY TULPI
Reoptimisation is studied by using Maple where OF is optimised for diffegewalpes between 0.tb 0.6 US$/kg
Influenceof ps on optimisation variables is studied. Model accuracy is calculated by comparing the OF value of SMs
and the one obtained with simulatiost the methanol price of 0.4%/kg, Hegely et al. obtained:1R5.68, R: 2.49,
R3:3.09, Ci: 0.2138, Cr. 0.055, OF: 493%)

RESULTS
Influence of methanol price dhe OF (a) anthe optimal values obperational parasters(b) is as follows:

a0 7.00 0250
120000 6.00 Ry
0.200
_ 100000 5.00 Cry g
@ o =
: = ]
5 % 400 0150 &
‘ : R, )
= : = c
2 . g 300 0100 &
E v < R, g
= Simulation results 2.00 %
e 0.050
1.00
Cr,
0.00 0.000
0.4 0.45 0.5 055 0.6

» Methanol price (USS/kg)
a. b.

On the increase ofgp Cr decreaseswhile Ry hardly changesMore fttl is taken which increase the cost of
incineration.my> decreases. The increase in @50 contributeso thedecreasef the mc,. Rs and myc increase.

Due to themcreaseof mm, the profit becomes highelOFincreasesrom 490 to 1277% whenpg increass from 0.46 to
0.6 $/kg Duration of theprocess increased from 2080 to 2158 nhinan extreme casgg=0.60$/kg), OF obtained
from SMsand simulations compared to determine the model emndich is low (.6 §. OF is slightly underestimated
by the SMs. OF is also calculated without opteatiisn for different p values.Difference between the OF obtained
without and with reoptimisation is small.

CONCLUSION

Surrogate models (SMs) were used to reoptimise the ligtitation (BD) of a a five-component azeotropic solvent
mixture for differert methanol prices ).The influence ofg on the operational parameters,(Rz, Rs, Cn, Cr) of the
processwas studiedWithin the rangestudied the increaseof pg increasedhe profit. More first forecut and less
second forecut aretaken. Duratiorof the process also increased. Difference between the profit obtained without and
with reoptimisation is small.
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INTRODUCTION

The \elocity distribution and heat transfer improvement in a-tivoensional channel filled with a wat€uO
nanofluid are numerically studied. The nanofluid flow is assumed laminar arpghase with Newtonian behaviour.

Pure water is considered as the basélfland watexCuO nanofluid with four different volume fractions of CuO
nanoparticles is examined. A constant heat sdsiok is considered to cover the entire length of the bottom wall of the
channel while the upper wall is assumed thermally insuldtkd.control volume technique is used to discretize the

governing differential equations, and the SIMPLE algorithm is used to solve the wgoEsgure coupling. A

simulation is applied to nanofluid flow utilizing ANSYS FLUENT to solve the governipgagons of the flow.

CFD
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 volameffracti

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 w@te® nanofluid in a laminar 2Dlow 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 FL UID AND THE STUDIED NANOFLUID

As afunction 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 Hasopattie

base fluid[1]. thermephysical propertiesforCuat er nanof |l ui d at di fferent
Table 1Thermophysical propertig€8uOwat er at di f Rle[8lJlent val ues
Volum(e Fﬁra)ctlon (1%) (2%) (3%) (4%)
4 n (kg/nmP) 1053.218 1108.236 1163.254 1218.272
Cont (J/kg K) 3956.96017 3754.264391 3570.74227 3403.796118
Knt (W/m K) 0.616623822 0.633557563 0.650809972 0.668390129
Ok (N s/nf) 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:

1 The nanoparticles and the base fluid (water) are to be perfectlyd raixeé treated as a homogenous mixture.

val

of

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.

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

nanoparticles.

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

RESULTS

Numerical results for the thermal boundary layers at different locations along the channel antechrEgpire 1
depicts the impact of nanoparticle volume fraction on the temperature profile fom@igd nanofluid flow at three

different cross sections (X=0.1,0.5, and 2 m) along the channel. JBxésshows diameter of the channel while the X
temperatur e.

axis slo ws

Ther mal

boundary |

ayer

thickness

nanoparticle volume fraction. Comparison of the temperature profiles for different nanofluid concentrations shows that
CuO-water at 4% has the thickestermal 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 csesgion 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,vesen®re 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 nanoflwiddlinside the channel.

Temperature [K)

w—Pure Water 1% Cu 2% Cu0 w30 Cul) st Cud

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

CONCLUSIONS

Nanofluid flow within a horizontal channel was numerically investigated using CRiDlation. 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 numbeitlvarglume

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 obsered 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 nanopatrticles affects the velocity
and temperature profilexf 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 athemistry is to utilize ultrasound in chemical reactions. Its physical background is the acoustic
cavitation induced by ultrasonic irradiation. Due to the high amplitude acoustic wheesands of microsized

radially pulsating bubbles are formed iretliquid 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 minimujit].radiiss
extremely high temperature is beneficial f@rious kinds of cheioal reactiong2]. Despite the exhaustive research in

the last decades, the biggest challenge of sonochemistigh is to scale up the applications feasible for industrial size

is still unsolvedOne of the main barriers of scalability is the attermmatf the sound wave [3] due to the hidgnsity

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 mamputa¢thods 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 one, shdater,

or channel. In a standing wave pattern, there are trapping fgeigts pressure antinodej lines, where the acoustic
radiation force is zeroThe 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, ttapingpoints can be modified; thus, the position of the particles can be controlled.
Despite its simplidiy, 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. Tk, 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 tBeMikfier
equation [8]

Y Ny Y o, Y YQ R noad wﬁ
P& P ok ¢ P& Tao

where'Y andware the instantaneous bubble radius and bubble position; respectively. Furthérmoww m s

the liquid density®o p v TA is the speed of sound in the liquid afdd® is the local pressure at the bubble
position. The dots stand for the derivatives with respect to fimelenotes the pressure at the bubble wall, which is

written as

‘ T { G .Y
"y ' v ¥ Uy
where, T8t x cO0a is the surface tensior, P G iis the liquid dynamic viscosity an¥ is the
equilibrium radius of the bubble. According to Doinikov [9], the equation of tmstaonal motion is written as
. . 00 o .
Yo oY ————h
¢mY

where O afd is the external force acting on the bubble, which is the sum of the primary BjerknesQorce

® 01 ofd and the drag forc® pc** 'Y U afd . Note thato 0 is the bubble volumer oo is the
pressure gradient of the acoustic field and ¢fd is the liquid velocny induced by the acoustic irradiation.
The manipulation method presented in théger is based on the principle that a standing wave is the superposition of
two counterpropagating waveg ofo 0 AT100 Qo + generated by opposing transducers. Héreis the
common pressure amplitude, ¢* "@ the exdation frequencyQ 1 T is the wave number and is the phase
shift of the first or second component. Thus, the total pressure field can be written as

nao 0 AT @b OET o c h

whered  ¢0 is the pressure amplitude of the standing wave. By varying the phase difference () between the
counterpropagating waves the standing waveform can be altered in space.
Two test cases are presented in Fig. 1, where the relativiaadispentaf_ of the bubble as a function of the
dimensionless tim¢ of ¢“ X is plotted. The blue, red and green curves are obtained for bubbles with equilibrium
sizesof T 11 & o1 Gandg 1 G respectively. In both cases, the excitatiomjfiency is"Q ¢ UQOd@nd the
pressure amplitude 5 p o @{left) andd  p& & G fright). The dashed black curves denote the actual position of
the pressure antinode, which is altered by varying the phase shift difference betweemtdepcopagating waves. In
the first case (left), the antinode position is fixeddt 7 for 1000 acoustic period, and the bubbles are initialized at
positionad¥_ 1.
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It is known that bubbles with a size below the resonance size correspondiageteitiation frequency are attracted by
the antinode; thus, these bubbles approach the antinode locaii#d atrt After the first 1000 acoustic cycles, the
antinode is moved taf_ T& vy see the dashed black curve. This antinode shift is followeddse thubbles. In the
second case, the antinode is moved betwgen T anddf_ T1@® according to a sine function. This acoustic
field manipulation is followed by the bubbles also.

0.25 + 04 — RU =40 ;tm
0.20 4 —— Rp =30 um
02 —— Rop =20um
0.15 —-=-='Antinode
~< < 004
Py =
0.10 4 —
—— Rp=40pum _02
—— Rp=30pum
0.05 1 —— Rp=20pm —04 -
=== Antinode
0.00 + —0.6
T T T T T T T T T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

T T
Figure 1Bubble position in terms of relative displacement as a fomaf the dimensionless time for bubbles with
different sizesThe 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, iH@aveve

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.adequate control of cluster structure can be an important

advarcemento 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 presentthe results of finite element simulations based iferént variations of thdlow curve of DC04
automotive thin sheetNowadays the importance of sheet metals in the industry is incre&éarg, sheetforming
technologies are used every day with one very important input parameter being the flowTberg@stcommon
method for flow curve definition is the tensile testhich is not reliable for high strains due to the necking
phenomenon. For this reason, we used compressioadesell, that resulted twar- three magnitude higher strains
than in case ofensiontest The aim of our research is to investigate how different flow curve equations affect the

variation ofsheetthickness in cupping tests. In order to exclude other influencing factors in the experiment, both the
sheetmaterial and the geometnwoperties of the specimen, as well as the external state factors were considered to be

the same in all caseBhe finite element simulations were performed usiimgufact 202..1 software
As mentioned before, an accurate knowledge offlidnve curve for the material is a prerequisite for running finite
element simulations. The Hock&herbyequation [1]:

. . A@DO- ,

was used in theimulation environmentyhich iswell-known and useevorldwide among other theories related to the
stress strain behaviour of metallic materidlse equation includes four material parame®ich as the yield strength
(9 and t he s ag inrha first case, ssing data sbtaifedl purely from tensile testinglothecurve
equation for the DC0O4heetmetal was determined. In the second case, we complemented our tensile ukstwihk
results obtained frornompressionest. This resulted in dlow curve covering a larger range of deformation, with an
equation that differs from thitow curve obtained from the tensile teBigure 1 shows the flow curves obtained with
both tenfle and compression test.

600
500 |
400 | - = ©
£ 300
£ ® Tensile test
Z 200} .
; @ Data from compression test
100 = = Compression test
O 1 1 1 1
0 0,2 0,4 (1 )0,6 0,8 1
- I

Figure 1The flow curve of the DCO04 thin sheet

The input parameters for both cases are described in Table 1.

Table 1 The input parameters used for the simulations

ljy S N p -
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 estimatgl the value of 0.12. Forming limit curve was considered as

the failure criterium obtained by Iiterature results

applied. The validation of the simulations is in progress, howeigstindy deals with the comparison of the numerical
results only.
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Figure 2Finite 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 bspotted at the zone of double necking.

ObservingTablel, it is clear that there is a difference of about 10% folNfendp factors. In the range of the double
neckingwhere the plate is thinned, there is also a difference of 10% with a good appromimati
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Figure 3The change of thickness
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It is a weltknow fact that ultrasound is suitable for detecting material defects and cracks. Conventionaltypenual

tests would be very tedious during a series production and would be to@aiteeming and subjective. In the
Hungarian Acousi ¢ I ndustri al Di agnostic Laboratory at the Un
material testing, so we test solid products, components or even complete systems without damaging them.My
Colleagues developed an ultrasonic scanning systiéma unique examination method. The biggest advantage of
which is that the results will be free of subjectivity and reproducible. In addition, | would like to present the most
important problem.

In our laboratory, we deal with nafestructive materialesting, 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 benexamiilluminated 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 scanoiddgameth

these manual tests, which allows us to perform more stable movements with smooth progress, resulting in much more
repeatable measurements.

-
L LR R R}

VGA out

Figure 1The main components of Scanning Ultrasound equipment

An ultrasonic head is fixed into a muétkis 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 Olybrpuged ulasonic 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-tiraensional diagrams and thrdamensional pictures.

During the examinations, it is possible to observe wha
close a 90 degrees angle with each other (Fig.2.).
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B-image in case of angle error
Figure 2B-image with angle error

You can see the algerror on the seconiinage. This is important problem, because all the defects will move in the
material because of angel error and we will get an incorrect results.
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ABSTRACT

Several technologies have been developed for joinibgs. 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 showitdgl@ment 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 goafiigl 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 igdissimilar materials can be joined together and cost effective compared to other fiEf20[8. A few

variants have éen 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, whthickness, 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 theAV-5754 type of aluminium alloy, for which the flow curve is
measured, and extrapolated according to the Ho8edtby material law for higher strain regimes (Figure 1). The
applied FE simulation software was the MSC.Marc/Mentat 2019 Academic. Duee tgetimetry, 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 70A in all cases; however the forming | oa
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Figure 1Flow curve of theeEN AW-5754 Figure 2FE 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 forcedisplacement 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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dimm] | 0 485 | 1938 | 29.07 | 3633 | 38.76 | 41.18 | 44.09
F [kN] 0 7.99 | 1056 | 1291 | 30.72 | 30.72 | 30.72 | 30.73
Figure 3Joining process

A typical forcedi spl acement curve for the process is present
which are the basics of the comparison can be seen in Figure 5. The Table 1 and 2 show the numerical results of the
simulatiors.
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Figure 4Forcedisplacement curve Figure 5 Joint geometrical parameter

Tablel Effect of thetool designronthe geometrical parameters

x1 [mm] X2 [mm] z [mm] Fmax [KN]
h50b10cl1.5 5.91 5.17 4.83 30.7
h45b10c1.5 5.27 4.63 4.16 294
h40b10c15 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
Table2 Effect of the friction coefficient othe geometrical parameters
[e) x1[mm] X2 [mm] z [mm] Frmax[KN]
0.1 6.05 6.46 6.27 311
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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MECHANICAL TESTING OF 3DPRINTED STAINLESS STEEL SPECIMENS
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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 pocess of metals evolved from both conventional powder metallurgy and pdbased additive
manufacturing, and by today it is capable of making parts, with aléigh of complexity, which would require
extreme preparations otherwise, in a relatively speriod 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 ptré simplest and cosffective 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 alloysgprientations 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 usec
to gain information in various forms. Typical tensile specimen types avenshad=ig.1.
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| '
B
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C) st 26 -

i |
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Figure 1Different types of tensile test specimens used by our measurements: A) Rectangular specimen B) Round
specimen C) Modified, smaflized rectangular specimen

As Fig 1. shows, regarding additive manufacturing, size and shape doemttet. 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 glity 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 ithdoghgoes wrong during the production it means immediate
failure, which is not desired in a cutthggige environments.
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To have a good comparison of the 3D printing we used the same alloy, narfgi $ainless steel powder, we only
modified the speditations 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, Weahave 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 usag iffraction (XRD) on different specimens, which is
shown on Fig. 2.

Figure 2XRD measurement of a rectangular tensile test specimen

The results then were collected and compared with the
conventional marfacturing methods.
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In my project | designed a device to clamp a custom workpiece for press machining. My chosen component is a
protective cover for a switch sensdhe purpose of the protective cover is to protect the sensor foil ith@dmverage

partfrom dirt, foreign matrials andoil leakage The product is currently running in test production, so there is no final
fixture, as the shapsjze and material of the produtt can change at any momesb here 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 sép, | modelled the part using Solid Edge software and then | printed with Ultimaker 3D printer. |
printed out 3 alternatives, showing that the properties of the product can change during the manufacturing process, so
the 3 models changed in geometry andeamal as well.

Figure 1Clamping 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. | design the fixtures using the Alufix systemich isa precision modular clamping

system for clamping reproducible workpieckshose the Alufix system because when product properties change, | can
easily disassemble the fixture and assemble a new one in setomgmrted the Alufix parts in Sial Edge, then
assembled the fixture there and | 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, | performed the pressing on all 3 models and both visually and in terms of compression
force, there were clear differenc@ghich can easily represent how we can improve the final product to be perfect.
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Pressing results

Displacementl (mm) Testl (N)

Displacement3

Figure 2 Pressingest results

After the pressings were done, | 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 phesaim 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 fareries production.
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ANALYSIS OF STRUCTURAL STRENGTHS FOR THE CABLEWAY GROUP

Keywords: cableway, structural strengths, forestry.

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 haodreach, teep and remote areas. These installations are composed of power units
placed on sleds that serve to move them byteadtion to the place of operation.
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Figure 1The basic drawing of the sleidippe cableway

l. Loading scenarios:
Lifting into working p osition
The scenario tries to determine the constraints and loads for the static analysis in case the funicular greup is self
propelled uphill to be taken to the work location. The soil is modeled to create the mathematicaQwooskedints:
sliding coniact 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 cohtzads: on the ground
plane, in the direction opposito the direction of the cable Friction force:

o O L Gn =0.35L 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 2The scenario ofifting into working position

Il. 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 imgodrthat 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 withdtttion 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 oppits to the direction of the cable tangential gravitational force Gt=23,000 N, (see Fig.3).
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Figure 3Braking scenario without traction cable

[l Lifting the maximum load

The scenario tries to determine the constraints and loads for the static anahgsisitnation 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 betweeretaysathium and the
cable must be considered: inclined 30A to the longitu
modeled to create the mathematical model:

Constraints: sliding contact on the sole of the sled with the ground; gr@mdp 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 componetheofravitational 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 4Maximum 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 typekstructures. 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 faetstructural 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 desijjoatput 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 epbs$ayup; furthermore, the cord the sandwich structure

was an aluminum (Al) honeycomb core. The sandwich structure dimensions length and,viigtthé applied load

(p), the core densityrf), and the total deflection limitlige9 Specified by the designer were all input variablEse

output of the neural network included the core thicknggsféce sheet thickness)( core safety factorSfc), and face

sheet safety factoiS¢). The results demonstrated that ANN is capable of accurately predicting the design parameters
of sandvich 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 sheetevedénsity 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-Pll. ANN has been identified as one of the outstanding techniques for
modelling conplex 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 histoal inputoutput 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 theeatksieflection limit. This model can be referred to as a reverse
design approach [3].

tr: thickness of face sheet
t.: Core thickness

Laminated face sheet

te Honeycomb Core f e TEFT T [T
di, ‘ : [
Al : : !
* ) , I
P2 P2
b : sandwich width
/: sandwich length
(a) Sandwich structu (b) Loading and boundary conditions

Figure 1The investigated sandwich structure

APPLICATION OF ARTIFICIAL NEURAL NETWORK MO  DEL

In our research the FeedForward Bgckpagation 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 proceshat consists of several steps depending on the training algorithm used. During our research
the LevenbergMarquardt (LM) training algorithm was used. When using the LM algorithm, training is done in three
phases: Training, Validation and Testing. Therefdhe 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 respdutee 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 2Neural 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 thicknégsa(d face sheet thickneds pbtained from the analytical
model wih 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 usefurther analysis, especially when using neural networks in sandwich structure
optimization problems.
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Figure 3ANN prediction for some of the design points

The present study was conducted to investigate the application of artificial neural neteforiqqiie 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 @ta 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 sadwich 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 furthein elaborating sandwich structure optimization problems.
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The complexity of the road transport systénelements of the transport infrastture, traffic density and eboard

systems of the vehidel 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 ortérg®onf ahich

poses a high traffic safety risR.r of essi onal bus driversé working conditi
Complex driving circumstances, and operations conditions are responsible for work stress and fatigue. The main
reasons i@ complicated driver cockpit interfaces, irregular working hodissuptive passenger behaviamd the need

of traffic adaption [1].

The advanced drivingid systems(ADAS) are partially suitable to replace the driver's active intervention in certain
emeagency situations. At the same time, it can be observed that in the cAB8Sfandautonomous vehicles, if the
computer is unable to handle the given emergency situation, it "returns" driving and responsibility to the2ldriver [
Therefore, a detailed amination of the human factor within the hunraachine relationship is still extremely
important. Examining the driver's attention level provides an opportunity to apply effective accident prevention steps
and/or interventions. Furthermore, thgressiveergonomic design of increasingly complex vehicle onboard systems
andinterfacesalso helpto keepattention, controland concentrain [3].

The aim of the investigation of the driver's attention durprgsent works to assess the elements and effettthe
cognitive load with the sensors temporarily installed in the vehicle and detecting the driver's activity, considering on
board instrumentand interfaces

LITERATURE

The literature examines this topic in extremely diverse perspedthe.appearancef sleepinesat bus drivers is a
critical area of traffic safetyParticipantavere tested by simulating long driving distances with the help of a simulator,
and the degree of drowsiness (ORD) was evaluated opant scale. The automated elements hef monitoring
system detected the signs of drowsiness but could not adequately filadrayitical situationsand the author predicted
the need for further tesf4].

Our test methodplanned to ruron a public road and/or a closed trgdot in a simuktor), sowe must operate with
sensors that do not interfere with drivilgresearch team analyzed wearable andaewwnact based sensor systems. In
addition, the driver's cognitive load level was deduced from the analysis of the vehicle data. Aftesrsgimghthe
data, the analysis was done using software, and the classicization was done with an artificial intéNlyesupgported
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 casdiely$gtin order

to involve more participants and examine real world situations less wearable sensors should be used.

A multi-participant survey, in tich truck drivers were examined, includdaintenance of Wakefulness TefMWT).

The apnea phenomenon was present amondpaleof participants and it became clear that it #so necessary to
measure other effects related to sleep and alerfépsBhe NHTSAcharacterizé driver distraction of four categories:
visual distraction (@. looking away from the roadyuditory distraction (e.g. responding to a ringing cell phone);
biomechanicabr manualdistraction (e.g. manually adjusting the radio vo#)necognitive distraction (e.g. being lost in
thought)[7].

EXPERIMENT

The data collection involved theehiclei currently operating bus used in urban transporandoperatori the bus
driver. During the static examination of the vehicle, a structassgssment of the design of the driver's compartment
and the controls was carried olduring the (test) operation, the operating methoahtrol processes and typical
environmental effects, planned and unexpected situations were idenfifieddrivers wee involved in the pilot test,
and indepth interview was conducte@he driver's cognitive loadvas examinedon a 15 kms longity/suburban
(80%/20%)routecarried out in Debrecen, Hunganyjth random traffic and simulated, lerate passenger flovQuite
accurate tracking of the driver's gaze was possible with théragking glasses of the Pupilabs([8, Fig. 1] Light-
shadow changesf the environmenand reflections caused medium levelagturacyin the recording of raw data, but
these can be elimited in post processingrhree compact GoPro cameras were used to record the exterior etews
gave a forward view (looking on the dashboard and windshiela) had direct view of the driver (side, frelotw).
Professional 4G/GPS based data logger madsilple to record vehicle telemetry and position data.
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RESULTS

The conscious perception or working memasageand the distraction of the driver's attention are increased in urban
traffic, due to the vehicle's complex signaling, control and communicatitenfaces as well as the presence of the
external environment (passengers, noises) of constant and variable int@nditytHe case of our experiment manual,

visual and auditory, cognitéevdistraction was detected and simulated, in real world circumstances. The speciality of the
urban bus driver distraction is the combination of visual and auditory distraction egdmemunication with the
passenger is in progresdore attention is neededhen approaching and leaving bus stops and managiaugling and
disembarkingf passengers.

Our research work was focusing on monitoring driver behavior by using advanced wearable sensors, and using camera
technology, in combination of telemetry data amaiepth 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, situaticareness and attention could be monitored

and registered preciselgccident preventioonould be set on higher level. Advanced camera technology and Al based
post processing, later retiine processing methods are to be developed for achieving the Bestdu i ver s mon |
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 M&latulink. This model has several submodels, which were
created with little information available oTbridge this gajgome restraints were requirdd this article, a solution was
introduced for creating a submodel of an electric motor by using MatlabliknEor a later optimization task, it is
important to simulate the efficiency map of the BLDC motor becdnghjs way, the location of the optimum can be
authentically demonstratelf.the physical motor is available, what is simulated, there is gortymity to measure the
efficiency mapR. Wangand his colleagues measured the driving and braking efficiency mapuoé a&lectric ground
vehicle[1]. This method is unavailable to us,@wothersolution must be usedi. Patel and HChandwansimulated a
BLDC motor in Matlab Simulink and verified [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 & jushecessary
computation capacitguzzler The combined FEM simulations also have too much simulation tingeod example of
this can be seen ihé research of R. Caramia and his colleagBesThe goal is to create a flexible submodel taat

be easily modifiedand can be run quicklyln the book ofL. James and L. John can be found a simple method to
parameterise the electric motor losses based on the physicg¥habkis method helps us model a series of BLDC

motors.Table 1 contains the main parameters of created motor series.

Table 1Main 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 frameworkin Matlab was used for the testhich represergt a measuring bencfhis frameworkin addition tothe
motor, it also containghe battery, DC/DC converter, speed controller, inertial moment load, and sensors. Figure 1

contains this fram&ork and the motor.

’ ’::.
Mator Currens Motor | vs REM
Malor M vs R

RPM 10 Omega

or =

Motor Voltage

G oS0 Batiery S0C

Figure 1Created framework and the electric motor
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It was used the follow equations to calculate the losses, and the efficiency of4hotor
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® TpPpoPD® DI 004 E4 ©I ©JF &
Where:
Ke T copper losses coefficient
ki — iron losses coefficient
Kw i windage losses coeffiai

C [W] 1 constant power losses
T [Nm] i motor torque

¥ — 1 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.

Overall Electrical Efficiency of Motor Drive (%)
Torque envelope

Overall Electrical Efficiency of Motor Drive (%)
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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 smadlssplacen in Figure, e

study two types of wall roughness, triangular and circular, and compare them with the wall without rougeness,

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 tadimensional cavity, where the left wall is warmer than the right wall, but the upper

and lower harontal walls are adiabatias shown in Figur@. We compare the Nusselt numbers in both roughness
cases and fotwo values of the Rayleigh numbé®* and 16 shown in Table lwhich change depending on the
characteristic length of the cavityhe resultsshow the temperature contours and Nusselt number curnvgsneral, 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, tatgtst 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.

Cold
wall

Hy

Figure 1 Diagram(3D) of the geometry

y
¥ Adiabatic Wall I Adiabatic Wall {
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Figure 2Schematic diagram 2D of the enclosures with bamypdonditions
. T™W?
The Rayleigh number: Ra:&
na
The total Nusselt number: Nugot = NUag +NUoqy
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Table 1Depending on the characteristic len§ithRayleigh numbers.

Ra Width (W) cm Height 'O cm
10 2.1 2.1
1¢° 9.7 9.7

One of the results concluded thathe case of radiatiowith emissivity) =.4and for both Rayleigh numbers“1Q0,
the total Nusselt number of circular rough is smaller than traingular with asigtpsr tharB0Aas shown in Figure 3.
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Figure 3Comparing theNy according to the type of roughsssurfacein case ofJ= 0.4 andor Rayleigh numbep 1t
Ra = 10* Ra = 10°
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FiguredTemper ature contours for circular and trian:
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.

/
= £=0

£=0.8 €=0.8

REFERENCES

[1] lyi, 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 Cogtainin
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 Patially Thermally Active Side Walls. Dakar, Senegal: Open Journal of Fluid Dynamics , -54323

[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: Intional Journal for Research in Applied Science &
Engineering Technology (IJRASET).

75



-y
N

(=2 A

@

INTERNATIONAL SCIENTIFIC CONFERENCE ON
UNIVERSITY of ADVANCES IN MECHANICAL ENGINEERING
DEBRECEN 10-11 November 2022, Debrecen, Hungary

EXAMINATION OF HYDROLYSIS -RESISTANT POLYKETONE AND ITS APPLICATIO N
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The polyketone is a very promising engineering plastic wich is very envirefmemdly since carbon monoxide issal

used during production. Polyketone belongs to the group ofpgegiormance 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 notyoby 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 reinforpkstics 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.

9 ¢
- |[EH2 . 'E-H2 - C]”T [CH2 - ‘T_':H . E}n-
CH,4
Figure 1Chemical formula terpolymer polyketone [1]
Amongmytes s was the moisture absorption test, which | car
The evaluated results are illustrated in Figure 2. There are polymers capable of absorbing meBtrky(iveight)
that affects their propertieg.¢. polyamides, polyesters, natural polymers, some-fédieforced composites). These

polymers are called hydrophilic polymers. Moisture has a softening effect, i.e. it reduces the modulus of elasticity,
strength and icreases the elongation at brg¢ak

3,000

Fa
0 50 100 150 200 250 300 350 400 450 500

Time: {h)

Figure2Moi st ure absorption 500 h 70 AC / 62 % r

Chemical resistance test: During the above test, | examined and compared the chemical resistance between polyamide
and polyketone. After 25 day se yield str&® in theCcase ioft polyiarside evase a r |
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.

76


mailto:kovacs.annamaria.uni@gmail.com
mailto:polkinga@uni-miskolc.hu
mailto:polsztam@uni-miskolc.hu

{k‘.‘ =7 ‘A}
g
N

@

INTERNATIONAL SCIENTIFIC CONFERENCE ON
UNIVERSITY of ADVANCES IN MECHANICAL ENGINEERING
DEBRECEN 10-11 November 2022, Debrecen, Hungary

A

Chemical resistance ( 80°C exposure for 25
days)

Yield stress (MPa)

0

70

60

S0

&

10 -
20 | i WPALS

Water IXNNOH 1% HOL SKNCa02 SON In02 Etylerw
Ly

Figure 3Comparison of the gld stress of Polyketone and Polyamide after reaatingferent 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 filtgess 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-1200 A C. T her ef onaleselectoomip theorpostiingadrtant mat e
requirement for cooling system applications. [3.]

Test parameters:

-Temperature: 135 AC

- Coolant: G12evo/water (50/50)

- Requirement: Flexural strength after 1000 hours > 25 MPa

VW TL 52682 test

150

100
) -
; N
500

1000

Flexural strenght (MPa)

aging time (h)

M PAG6 GF 30 EPK-VM GF 30

Figure 4 Examination of the chamin flexural strength based on VW TL 52682 test in gl2evo/vatelium
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 fielyamide 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 Y@ become the defining quantities to be measured in industriadamesticactivities. From an
examination point of view, the possible places tbé flow of air pollutants into the environment should be
distinguished.

A typical source of air pollution &m industrial work is the point sour¢#], a source with carentrated parameters,

mostly high chimneys and vents located at power plants and industrialsiggs concentration measuring device
installed here can calculate the volume flow of the outgoing gas stream and the concentration of air pollutants, and
thusly the numberof harmful components entering the environment can be determined from thd luatauthority

orders continuous measurement and data recording if the emitted pollutant concentration regularly exceeds the limit
value The sensors' task in amntration 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 cotioantfagases belonging to the group of volatile
organic compounds (VOCSs), the following measuring sensors are widely used: photoionization meter (PID), infrared
gas concentration meter, flame ionization (FID) devieesar operating on the principle oétalytic combustion, and
occasionally metabxide (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 techmdlagyindustrial alcoheproducing 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 botreotration 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

Components Limit values Values measured at the point source
C a C1 a C2 a C3 a
mg/n?  kg/h  mg/n¥ kg/h mg/nt  kg/h  mg/n¥  kg/h
1. methanol 100,0 2 2,93 0,025 0,85 0,053 20,22 0,097

2. ethanol + ethyhcetate 150,0 3 265,95 2,261 341,83 2,123 323,39 1,552
3. methanol + ethanol + 150,0 3 268,88 2,286 342,68 2,176 343,61 1,649
+ ethylacetate

The values marked red in Table 1 exceeded the permissible limit. It can be seen that the concentrations are around very
low values. Thusan effective concentration meter is neesegdor their continuous monitoringven 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 aadifigations for the installation and maintenance of the instrument,

so the list of requirements should be supplemented by the following:

A Regul ar preventive maintenance of the measuring sys
specifed by the manufacturer.

A The measuri ng s godhatdt prevenissinauthorized aqress amd chashgestilts.

A The control calibration of the measuring instruments
carried out anmally. 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 carriedsitgt. on
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Table 2.List of requirements for instrument selection

No. Appellation Depiction Value
1. Measured methanol, CHsOH
components ethanol C,HsOH
ethylacetate C4Hs0-
2. Accuracy instrument sensitivity 0,1ppm
3. Sampling averaging ~5 min
multiple measurements
4. Measured concentrations: minimum range:
parameters methanol 0-100mg/n¥ 0-77 ppm
ethanol 0-150mg/n¥ 0-80 ppm
ethylacetate 0-150mg/n¥ 0-42 ppm
5. Alarm At exceeded limit value >77ppm(metanol)

>80 ppm(etil-alkohol)
>42ppm gtilkac et §t
6. RH% relative humidity 0-100%
7. Auditing audied 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 certif@atdy studied the list of typapproved
instrumentg3] can be classified into the following areas of application:

I Continuous concentration measurement devices for flue gas emissions from combustion equipment, waste
incinerators, and other power plants.

Equipment for continuous measurement of the PMIDRIM2.5 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 Ist 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. Theyopide continuous monitoring, not only for organic gases. The
disadvantage of their application is that they cannot be used in the case of gases with saturateshiuratear

humidity content, which in this case is prevailing at the point source. Taé&/eechumidity 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 straam, so othe
components are also included in the final concentration viloénstrument fully meets the requirements in the list of
instruments with a type approval certificatdefefore we also looked for instruments that are not on the list but can be
found comnrercially. 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 nseaement limits, could continuously measure the concentration of each
component in a gas stream saturated with humidity. Thus, it could be a solution Nfatiomal Authority for
Environment and Nature Conservatidnes not request the concentration afreeomponent separately but prescribes

the limit value in total VOC because there are already audited measuring devices for this case.

=A =4 =4 A
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By graphing experimentally established rates of dryingersus the solid's moisture contéifithe drying kinetics are

assesse@Doran, 2013) A drying rate curve is the end outcome, as seen in Figure 1/d. The drying material's size,

thickness, andrgting 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 conditisr® which only apply to the gas phage the moisture content and other solid

properties chang@oran, 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 consthytng 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. @liet reaterial have a significant water content

once drying gets started. The first water to evaporate after a waupiogmes from the wet solid's surfaces that are in

direct touch with the air stream passing across them, represented on the drying thevimisial period (1) 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 wheee theths 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 ped of constant drying rate is represented by the second period (ll) 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 becassible 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 timeslaswn 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 silefgrecauses the transport coefficients on the gas

side to vary likewise during this time.

A critical moisture contend , is attained with further drying as the solid's water content declines, as shown in Figure

1/c, which depicts the beginning tbfe third period (ll1). At this moment, the process enters the period of falling drying

rate in the third period (lll) 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 theadese in the drying rate belaw 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 partiallyratesht@T his 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 effentivels 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 deereases

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 transferegntConsequently, the material's temperature rises to a level equivalent to

the drying gas's inlet temperattid. Up until it gets close to the equilibrium moisture content, where the material

dries at an eveslower rate. The solid's moisture content declines even more. This is the lowest moisture content

produced at the drying process's chosen &atpre and relative humidity at the end of the fourth period (1V).

The drying curve) of each different initial temperature of the three cases has one drying rate curve after the end of the

first period (1), which is seen in Figure 1/e.

When the drying ate 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 (dagemdar, 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 characteristirying rate: .

0

5

- 1
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EFFECT OF SURFACE-MODIFIED NANOPARTICLES ON OIL RECOVERY EFFICIENCY AND THE
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PROBLEM STATEMENT

Most oil fields around the world have achieved the stage where the total productichnaegeing the decline phase.
According to the International Energy Agency (IEA), crude oil is expected to contribute approximately with 26% of the
worl dés energy supply by 2040. Nanoparticles (NPs) ha
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 highlightéthget. is a

lack of fundamental understandinigom view of some studiesbout the efficiency of surfagaodified nanoparticles

in Enhancing Oil Recovery. In addition, the nature of the interactions that occur between thesensuaied NPs

and the pasus media in the oil fields is still a thorny issue. Therefore, this paper reviews the most recent studies related
to the effect of surfacenodified 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 sunfacdified NPs in EOR. Particularly, the study has
the following subobjectives:

1 To clarify the effect of surfacmodified NPs on the efficiency of oil recovery.

1 To show the difference beegn efficiency of surfacenodified NPs/and unmodified NPs in EOR.

1 To know the mechanism underlies effect the surfae®dified NPs on EOR.

1 To understand the interactions among suifaeated NPs, rock properties and reservoir fluid.

RESEARCH SIGNIFICAN CE

The significance of this paper is to show how the use the stmiaddied 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 ® 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 conductedaswer the following questions:
1 What are the challenges that limit the use of NPs in EOR?
1 Do the surfacenodified NPs assist to meet reservoir conditions to improve oil recovery?
91 Is oil displacement by surfacenodified NPs more efficient than using unnfatl NPs?
1 What are the mechanisms leading to increase oil recovery by suntadied nanofluids?

CONCLUSION
This study reviewed the summary of previous studies on the effect of soréatiBed nanoparticles on the enhanced
oil recovery. Based on thestudies results the following conclusions can be drawn:
(1) Surfacemodified 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) Surfacemodified 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 1Summary of Studies on Oil Recovery Using Surfaddedified Nanoparticles
Efficiency compared to

Ne References Injection method (Cofactor) NPs/Modifiers Unmodified Surface
Nanoparticles

1 | Agietal Improve the mobility and alter N/A More efficiency - Cil recovery

the wettability mcreased
2 | Yuetal - Inhibition the charge interaction N/A More efficiency

between the NPs and the core

surface.
- Facilitated to make NPz more
stable
3 | PFoustasietal Feduction of IFT and alteration N/A More efficiency
of wettability
4 | Adil et al Change in wettability from oil- Bare-5i0;, TX-100/510:, MMore efficiency
wet to water-wet and PEGylated SiCh
5 | Amanullahetal = Viscosity reduction Viscosifiers MMore efficiency
6 | Singhandand Improve foam flooding Alkwl Gallates More efficiency
MMohanty

7 | Rodrguez et al F.educe retention on the pore N/A MMore efficiency

walls
8 Zaid et al Feduction ofthe IFT AlO:-NaOH Highest recovery of 32.30%

residual ol in place
9  Jafametal Improve permeability zone Fe3(0s- Citric Acid, Increase in the oil recovery factor
Ascorbic Acid and from 273 to 34%.
Tetraethyl Orthosilicate
(TEOS, SiCn
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Surface roughness is a strong quantitativdicator 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 meesuréor characterization of wear in rotating
machine parts, arising from lack of lubrication and misalignment, is difficult and ofterctimsming. In this work,
surface roughness parameters of two 21 cm spline shafts made of alloy steel throughillpigiteshnology were

measured using a profilometer OPT surface roughness measurement machine, and the findings were utilized to identify

the capacity of a higkech 3D scanner tool, the GOM 3D metrology high precision scanner, in identifying the

manufactiring precision of those shafts. The profilometry was completed by traversiigra2¢c hi s e |

styl us

on the top and side surfaces of the spline shafts teaghrésl and 3. In total, 12 surface roughness parameters were
measured from the datacluding eight amplitude parameters, one spacing parameter, one hybrid parameter, and two

materi al r

atio

parameters.
while the material ratio parameters detailedpgbtential wear.

The

roughness

and

spacing

Figure 1(left) Top surface and (right) lefand righthand surfaces of the [specify material name] spline shaft, where
profilometrywascompleted

Figure 20PT surface roughness measurement machine

Table 1Average roughness, Ra comparison for top and side surfaces of both shafts
Ra(Om) 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

Shaft2 showed an overall higher surface roughness amplitude compared td $igtitighting better manufacturing
precision Figure 3. However, the average roughness of the side surfaces of the teeth (for both \&hafts)
significantly lower compared to the top, which could be attributed to the-pnighision machine tools used for
machining the tooth profile. This is also indicative of the-lessd state of the shafts.
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Figure 3Comparison of the roughnessiglitude parameters hinted at better manufacturing precision of Shadélar

plot of (a) average, (b) maximum, and (c) rowgansquare roughnesses of Shhiind Shaf@

Also, in order to determine the manufacturing precision of the spline shaftsywéreyscanned using a sophisticated
and hightech 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 nanomadifications in technology development has been growing, especially in development of new
generatiorof 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 beti88nrB0Ne

will give some preliminary rests 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 ultresiprechachining. Tool lifetime depends directly on the
surface phenomena which occur during exploitation, mainlgdhesive and abrasive wear.
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Figure 1Trends in precision machining by Taniguchi [1]

If it is taken into account that ultra precision ®oéquire 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 condititsimplantation was believed to be a revolutionary
surface treatment called to solve many wear and corrosion problems of metallic tools and compohégttdn ions

have been implanted in steel substrates using mVINIS lon SotineemVINIS lon Source shen in FHgure 2. The

mVINIS lon Source is an ECR (electron cyclotron resonance) ion source with multiple applications.

Figure 2mVINIS lon Source as a complete heavy igedtor
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In our work we had used two different types of steel. The reason wahdsa 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 preseiteselydsults 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 stedP.

In this paper Kr8+ ions with the energlyX20 keV and Krl1l+ ions with the energy of 180keV were used.Krlgpton

spectrum is shown inifure 3.
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Figure 3Krypton 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 coefficien ¢ , FIFriction coef
100Cr6 0.035 0.09
100Cr6 implanted with K 0.02 0.062
100Cr6 implanted with K¢ 0.03 0.075

On the basis of presented results, several conclusions can be drawn:

1. lonimplantation of Kr can decrease surfae@mroughness 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 eledtal dischargemachining technology using a wire tool electrode is relatively low
productivity, as well as the overall efficiey 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 electical dischargemachining are microgeometry errors, which acdue to the inhomogeneity of the
electical dischargeprocess [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 iicterghalatg 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
processThese 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.

Roughing cut
O 40 mm
+ 1st finishing cut

Roughing cut
O 40 mm

Roughing cut
@ 40 mm
+ 2nd finishing cut

Roughing cut
O 40 mm
+ 3th finishing cut

Figure 1Experimental samples made by WEDM technology

Electrical dischargemachining 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 combinain 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 dfie machined surface but also high production productivity. However, this task is a
relatively demanding and complicated task in the conditions of elaicttischargamachining technology due to the
presence of a large number of process input paraméteesefore, 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 experianeire tool electrode with the trademark
BEDRA MEGACUT type pro TWO was used. It is a second generation brass wire electrode. This electrode brings
longer maintenancéree machining cycles, ensures maximum safety of operation even in demanding dgpiil
production conditions and brings high tolerances for modern closed wire routing. The experimental samples were made
of tool steel EN 40CrMnMoS8 (W.Nr.1.2312) using an Agiecut Classic 3S electroerosive machine. It is a tool steel
that is supplied &rdened and tempered with a tensile strength ofl®80 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 als
for the production of moldfor pressure casting. The surface roughness paranfeteamnd Rz were measured on
experimental samples with a diameter of.04&hm made by a full roughing cut and subsequent three finishing
operations. These were recorded using a contact roughness ntetey®5J 400.
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Figure 2 Qualitative and quantitative parameters of experimental samples made by WEDM technology
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Based on the graphical dependencies shown in fig. 2, it can be concluded that the overall shortest WEDM time was
recorded for a full roghing 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 andrée 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 increasethe 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 gfetlve 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 researchéo search for new alternative solutions through which relatively
favourable results can be achieved in their machifiihgWell, it's not always an easy task. Moreover, in combination

with the requirement of the complexity of the shape of the machinddce, only a limited number of production
technologies are able to fulfill this conditid®,3]. Therefore, due to thhigh demands placed on current modern
production and the required high standard of the machined surface, progressivieal dischage 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 mé#dlsThe aim of the contribution was therefore to describe in

detail tre 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 1Carbide specimen machined through progresslectrical 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 takimgdabunt the economy of

the eledrical dischargeprocess 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 tgtpes of ha
metals usingwire dectrical discharge machininQVEDM) technology[5]. Despite the fact that carbides can be
machined relatively effectively witklectrical discharge machining technology, certain problems are associated with
their machining. The mostignificant 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 patrticles fall out of the base material
during electroerosion without meltingt 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 #rénexp, namely K10F, KO6F and
TiBAI4V. Experimental samples were made on an AgieCharmilles CUTeRfRical dischargemachine. A brass

coated wire with a diameter of 0.25 mm and a tensile strength of 900 ‘Nwas used as a tool for making
experimentalsamples. Using the AgieCharmilles CUT 2@ectrical dischargemachine, 15 mm long cuts with
different surface roughness were made on K10F, KO6F and Ti6Al4V carbide samples. In total, three variants of the
settings of the main technological and processipaters were applied to each type of carbide, thus achieving three
gualitative 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 thenethshirface of the experimental samples was
carried out using a Mitutoyo SJ 400 contact measuring device.

i
Figure 2Electrical discharge machine AgieCharmilles CUT 20P on which experimental samples were made
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The results of experimental measurementoafihness parameters during machining of hard metals with designations
K10F, KO6F and Ti6Al4V using WEDM technology with identical settings of the main technological and process
parameters are shown in Table 1.

Table 1Measuredraluesof the surface&oughressof the cuts made on experimental samples made of

carbide K10F, KO6F a Ti6Al4V

Measured surface roughness values (Ra a Rz) of cuts
Type of material 1st cut 2nd cut 3rd cut
Ra( €¢ m)| Rz( ¢ m Ra( e m)| Rz( ¢ m Ra( € m)| Rz( € m)
K10F 2.05 13.47 1.39 8.17 0.32 2.09
KO6F 1.87 11.47 1.06 6.92 0.30 1.97
Ti6AI4V 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 ted Ehtitig of the main
technological and process parameters, the best quality of the eroded surface of the samples was achieved when
machining the KO6F carbide, and for all three quality cuts. At the same time, the lowest value of the roughness
parametersRa=0.30e m aRr=d.97¢e m was achieved at the 3rd cut. Oon t
machining Ti6Al4V carbide was achieved in the 1st cut with the value of the roughness parameters of the eroded
surface of the sampld®a=2.73¢ m aRz=d6.48¢ m. O basig¢ df 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 afuhi&ymachined surface

differs in terms of surface roughness parame®randRz Therefore, further research needs to be focused on finding

the causes of these differences in the quality of the machined surface after WEEMS of roughness paramster
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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 usedntothesssults and
comparisons provided by the previously mentioned methods. In case of desighing machines and structures, the design
task can be accomplished in different ways. These methods includeritieuous development of the stegfslesign
methoalogy 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 appragione is determined by the qualification of the design staff and the type of task in
guestion. The process is greatly influenced by its resource requirements, although efforts must be made to maintain the
technical and technological level of the pressge 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 thedfopleich 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 @soaestaking 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 accoratemf

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 desigmovided by the present age

<

Figure 1Modified model of the reference part

The initial part which isa console, is screwed to a specific plahdoad can be hung in the mortise in the part, so the
console is subjected to tensile stréBse part is fixed to the horizontal plane with four sgewwd diring 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 adrder to make the results comparable, a
preliminary finite éement simulation is performed on the initial workpiece, so that the load capacity of the part
becomes knownFor finite element analysi8utodesk Inventomwas usedDuring the test the maximum stress and
maximum displacement arising under the leg$ seeched 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 &tated astatic, the magnitude of wdti is 50 [kN]. Thedesignof 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 specifying a plane of symmetry or minimum meshing settings, the appropriate
selection of which can reduce the calculation tités worth to mentian that many materials and manufacturing
technologies can be selected, so the number of solutions islargeelt is advisable to filter the various solutions as
soon as possiblg8] 1 [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 threduk teeated as a possible solutidhis
possible to monitor the stress state, which allows oioigiimformation concerning the mechanical properties of the
given iteration results without further investigation.

Figure 2 Results of the generative desigocess

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 compaftentwhichthe most suitable variant was
selected. Thegprogram has a builh comparison function in which different conditions can be assigned to each
coordinate axis and the prograsrcapable oévaluaing every solution.
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INTRODUCTION

Engineering design is intended to produce an acceptable resultfdaomalated problem both technically and
economically. Before manufacturing a physical prototype, the paitppected in a virtual context, the end of which is

to reduce time and costs. This way is called virtual prototyping, which can be relategaoaifelization 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 stdadllil. Compared to tratonal
manufacturing technologies, additive technology offers lesser design freedom for both prototype and finished products
and doesn't bear precious tools and molds. Likewise, comaidied design CAD technologies, similar as generative
design, can fuher 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 e trends[5,6,10]. Interactive design seems to connect with different
engineering culturefr]. Considering the freshness of additive manufacturing and generative design technologies, the
methodology is presently allowed to be deficient. This paper seelswer the following research quest{®®): 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 prevommpetition 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 desigaedd, 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 examlizalbiléyappthe

given design method, as the role of mass reduction, especially the reductimspéingmasses, is particularly
important in case of vehicles designed for racing. The expected attributions can be provided by the chassis if the parts
arerigid 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 modebf the part under consideration was designed on the base of traditional design styles. The raw material of
the element is 6061 aluminum with a density20f[g / cm3],a yield point of 279MPa] and a tensile strength of 310

[MPa]. The overall size of thetump stand is 280x150x&thm] and the weight of the current desigrlLi®5[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 traditionaligasand 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 isnota manual design task. The developer determines thaédnatboundary conditions of the part, adds it into

the software, which calculates the shape of the optimized part according to the specified criteria during iteration
processe$6, 10]. Lately, several papers have been devoted to the description oftgenéesign processeis, 9], on

the base of which the outlined task is answered.
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It is advisable to carry out the design process step by step on the basis of the indicated flastbisais, the only way

to get an effective result based preliminary exploration. Th@resenteccase study in #paper is answered in the
Generative Design Support module of the Fusion 360 Integrated Design System. Examination of the installation
environnentof thechassis parts analysed in the Design Modulghile the mass optimization task is performed using

the Generative Design Module and fimal check of the resultsan becarried out in the Simulation Module.
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ASSESSMENT OF PULSATING FLOW
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Almost every scale in thermal engineering requires performance optimization to lessen energy demand. The possibility
of udng 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 previo[ld sy experimets

were conducted below & 0 mL ‘Afivir 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 availablevaef (Ansys Fluent 2022R1) that can do laegely
simulations with associated thermal modelling. Thermal boundaries were formed by employing a constant input
temperature and isthux conditions. The numerical and experimental findings were compared aly$eoh 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-fhexisgenario.

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 meagered ra

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 experimngicatfel
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With the increase in the number of electrical devices, there is a growing demand for adhesives andrsetdatrisal
devices, potting plays an important role in sealing electronic componentefdronmental humidity and moisture.
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 ptalifacioes.
Special potting adhesives can be used to achieve such requireReititsy materials are adhesives that soften and
spread over the surface to be sealed and glued when exposed tdoester, sealing will only be satisfactory if the
pottinghas good adhesion to the surfgte].

We can test the spreading of the potting material with a-teigtperature wettability measuring deviéesample plate

is placed in théurnace of thedevice, and the required amount of potting is placed drh@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;l@onéeat treatment required.
After that we check how far the potting has spread over the surface using the camerd haagjaaller the contact
angle between the adhesive and the surface, the more it spreads, the better the adhesion be{@€sn them

Figure 1Bad wettng of the adhesive on aluminium sheet

As shown in thd~ig 1., the adhesive does not spread much on the surface after melting, indicating that the adhesion
properties are weak he Fig 2. shows a small contact angle, indicating that adhesion between hbeivad and the
surface is good.

Figure 2Good 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 weral 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 wagtimized technolog for surface treatmentor the surface treatment of the
aluminium sheet, a femtosecond laser was &sg@®.
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Figure 3Coherent Monaco 1035 nm wavelength femtosecond laser system

The laser beam creates a special strugtige4.) on the surfae that can increase the adhesion properties of the surface.

; L& L Tty
Figure 4Laser beam created surface structure

Nowadays, adhesive technology is becoming an important bonding technology. To createchigtih bonded joints,
properly prepared surfaces aeguired.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 behai/matting

materials at higher temperatures will be investigated.
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CELLULAR CERAMIC AND POLYMERIC MATERIALS FOR DEFENCE AND MILITARY
APPLICATIONS - A REVIEW

TAMCS| ,RRPiOLgraCKNE KOV CCS 2BORDLBE n?BIKANANdrea
tUniversity of Public ServigeHungary

1IE-mail: tamasi.khga@admatis.hu

2University of Miskolc, Hungary

2E-mail: kovacs.annamaria.uni@gmail.com.bordas1992@gmail.confemandi@unimiskolc.hu

Keywords: cellular materials, foams, defence, military

Foam structures are one of the most exciting and complex structures in materials science, due to their advantageous
properties.Foam materials are generally featuredHhigh 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) wigh opll configuration, and 3D with closed

cell configuration The use of cellular materials allows the simultaneopsmisation of stiffness, strength, energy
absorption, overalveight, thermal conductivity, surface area, and gas permeatiliylast wo for opencell foams).

As such, these materials drighly desirable for a wide range of engineering applications and can be found commonly

in the natural world (e.g., wood and bonedams offer a wide combination pfoperties, 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 shieldind,] etc.
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Figure 1The range of progrties of differat foams
a.) density b.) ther mal condflctivity c¢.) Youn

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 a@iibr 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. Becdue semote 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 polyethy(BEgcase foanf2].

Figure 2Polyethylene 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 defese industry. These properties include having a reddyi low weight, highperformance

during ballistiescale impacts, ability to withstand extremely high temperatures, low friction and resistance to wear,
corrosion, and hardnesSome of the ceramic materials that have been the most useful for militaryraappications

include AbO3 (alumina), BC (boron carbide) and SiC (silicon carbide), as well as several ceramic matrix composites
(CMCs), such as ADs/ZrO, systems.
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Of these materials, alumina is the most utilized technical ceramic for body arnm®ut, exhibits hardness,
refractoriness, and modulus of elasticity at a much lower cost when compared to other commercially available technical
ceramicq3].

Some other defes? and commercial applications of transparent ceramics within the military sedtatd:

Aircraft, Missle domesTransparent armorfR windows,Hyperhemispherical dometaser windowsMilitary aircraft
lensesSemiconductor processing applicatioBsanner windows [3].

Ballistic Fabric

Ballistic Fabric

Figure 3High-resilient technical ceramics (left: SKYDEXght: composite armour system) [4]

Similar developments have also started at the University of Mishk@621, where experts are producing glassl PU
basedfoam composite materialklere the foaming agent was in all cases a substance of natural maigimaterials,
mineralspine, pineconeg;offee groundsr bark of some plantémprovements are constantly being made, formulations
need to be optimised and the additives chosen are chahgiafcases, the aim is to develop thermal insulation panels
with favourable thermal and mechanical properties for military use.

TP
Fess!
FR/

Y

e0es 20kV 2@0um

Figure 4Microstructure of alumina foam using prote&ioagulation casting of ceramics [1]
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CREATING POROUS METAL PARTS BY FUSED DEPOSITION MODELING AND SINTERING
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The Fused Filament Fabrication process (FFF) was first introduced and patented under the name of Fused Deposition
Modeling( FDME) i n the 199 0-$orm fabfication method furattsegiraensional sblid ebgects [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 numhafrdecisive 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
itds properties ¢ on cfgoot extautdability abhigh gaticte loading whilerpeoviténg necessary
mechanical strength with metal particles of 316 L steedRH, Ti6Al4V, NdFeB, ceramics, hard metals or cermets

[31 7].

—

e
- =
e
————
A —

Additive fabrication Subtractive fabrication
Figure 1Additive vs Subtractive fabrication [8]

Today, commercial metal loaded filaments are available, nevertheless, only BASF is already offering a product called
UltraFuserange 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 processine 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 capatdediirty these filaments.

The CreatBot DX2 system was t e-5filamdnts.fSamplesuvath diffgrenBieBngldo s U |
structures were printed, debinded and sintered and used as thermal conductivity enhancers febgmedffihase

change materials.

The obtained smples were compared with other conductivity enhancement methods from the literature.

Figure 2 Additive fabrication steps a3D image; b-printed part and esintered 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 adlutch, fill
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 @ on average-1 0 Om. The | iquid can change its state un
unexcited state, the liquid has low viscosity like water or oil. As the force increases, it first takes on-kkhastiaie

and then a solid state. Tleeare 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 bglectric motor controlled by a frequency converter.

| Motor

|
\ Frequency converter
|

MR clutch

Torque gauge

T

Figure 1Construction of the measuring station

Preliminary calculations suggest a maximum torque-BfS2Nm. For this reason, we had scaled the torque transducer

to 5Nm. These dimensions had to bedified 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 gaugstoohdiparts. 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 dimensionspfrigiare 1mm thick, 30mm high

and 150mm long (Fig. 2). The strain gauge was applied near to the highest bending stress ats@tresddtion

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 rabge Bd€ed on

the measured data, the maximum load capacity of the measuring device is determined.

Securing
ring

Leaf spring

Figure 2Torgue measurement device

Before startig the measurement, it is necessary to checksat 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 magnetorhigalogoupling, in order to equalize the
temperature more easily. Argediment substances prevent metal particles from settling, but it is worth stirring the
liquid at the beginning of the measurement. The excitation current was varied betb#&én Stefs 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 1Data on the measured torque

Leaf spring torque meter
Amperage [A] Fluid 1 (70%)- Fluid 2 (80%)-
Torque [Nm] Torque [Nm]
0 0 0
0,5 0,45 0,58
1 0,9 1,04
15 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 equipmegrivean onl
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 43A is introduced into the coil, the measured torque drops to 1.7Nm by both fluids. The
high magnetism makethe 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 fireloaded. 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 ta@umn processyith the columns operating at different pressures. The

C3 mixture to be separated is first introduced into a-pigssure column operating at approximatelyb2®. The
overhead is propylene, the bottom product of the column is propane. Propane iscaioexphzard 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 oftheawiergas -

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 identiiencas of releasé 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 ofgape gas at different times and different concentration vdiudise 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 releasd the same shape size, the propagatiantdudifferent outflow directions is modelled using ANSYS

CFD.

ST50MM

S00x500MM _~~ \g— —

Figure 1 Propane propylene model for CFD analysis of samteelease 1 2, 3.
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Based on the literature and studies, it is clear that propane, as a lleanir gas, will propaga downwards, but

different gas volumes may be produced for the three different angular outflows (upward, normal and dowineard).

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 diffugioiuced conical distribution.

»

/)

1. 2.
Figure2 1. upward outflow2. downward outflow3. normal outflow
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In 2009, a telecommunications services company, as a land user registered in the re@géstttebuilt its optical

cable line, which passes through an agricultural land in BeAsbda-Z2¢ mp| ®n count vy, based on
The network is planned for reverse data transmission, which, in addition to program distribution, also enables the
introduction of digital TV, IPTV, 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 Nainal 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 diverihe#mhging 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 ongomoluctive, maintenandeee optical cable with a

Kevlar structure can be run on the mediuaitage, 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 ref@releteechnical
description allow us to conclude that the construction was carried out in accordance with the regafatibased 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 MSZ81&dd MSZ 2364[1][2][3][4]1[5]

In the 17,00€hectare arable area involved in the lawsuit, the agricultural operations related to crop cultivation were
regularly carried out with machines of standard dimerssidn 2015, in a field on the outskirts of Borsdd a- Y]
Zempl ®n county, an agricultural machine (tractor) got
stretched under the overhead air line, and severed it. As a result of this #wiinternetTV 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 daioompensation. 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 onfiblel, 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 repraserdppealed against the court verdict. According

to their point of view, if the optical cable had been properly placed, a stasidatimachine should have been able to

fit under it. In the court proceedings, the application for the license to usettbal @pble 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 subjecpeorét, 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
profesgonal opinion as a motion for proof, in connection with which the legal representation of the defendant contacted
the Institute of Automation and Infocommunicatioithe University of Miskolc, and ordered a forensic examination.
According to the plaintif§ 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 indtreal 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. Regafdless o
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
damag related to the replacement of the severed line, and requested the issuance of a payment order against the
defendantThe 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 infrastructaegl crossings, gate entrances,
outside areas, etc. irase of- the required height for higburrent networks must be ensured. The definition of the
minimum heights is detailed in the MSZ1Blstandard.
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Therefore, it can be concluded that the common column line communication line involved in the case lgdudd on
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 ishe largest vertical distance from the string (largest overhang) was such that the 4.7 m height between the
ground level and the aboxground communication line specified in the technical specifications of the power supplier

for the outside area was notseired.

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 rgulations 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 licensingrocedure became mandatory with the licensing, so maintenance and inspection of the
establishment is mandatory.

During the onsite inspection, the forensic expert examined the fertilizer spreading equipment, with particular regard to
the height of the higkst protruding structure during work, which was recorded in thgiterinspection 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 pressofe2.2 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 withdtggiatures. The height of the optical cable was 4.45 m at an
ambi ent temperature of 28 ACcC. The optical cable would
state, then the result of the measurement would have been a minimum heightrofSby if the hydraulics of the
machine (fertilizer spreader) are not in working position, but in the highestlisal it would have been in the service
position, even in that case it would not have gotten caught in the optical cable, since undegkthdr with the

ground subsidence, it was located almo$t @&n, i.e. 0.06 0.08 m lower (4.62 4.64 m ) than the prescribed height

(4.7 m according to MSZ 158).

The expert confirmed the defendant's claim that, in accordance with the MSZ dtahdad, in the case of the
installation of track telecommunication equipment mounted on a common column row withvallage overhead

line, the minimum distance measured from the ground in the area under litigation, i.e. outside, usually in a garden or
vineyad, 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 cablestretched[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 athérhisct

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 cowrta simultaneous heat and mass transfer occur atighel'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 thapuce heat transfél]. This phenomenon has been observed in
drying. The increase in the heat transfeefioient is caused by crossfects due to vertical evaporation flux, which

breals the boundary layer and interis the heat transfer. The aim of our research is to investigate the heat fluxes
generated by the evaporation of water in a heated vesseloaddtermine 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 ,14&ows the case of evaporation when the surface temperature of the liquid
"Y J5 is the same as the bulk air temperattidé J5 , and there is no heat flux within the flowing air. In Figure

1/b, the temperature of the flowing air is gezathan 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 lig&idure 1/c, the air temperature is

lower than the surface temperature of the liquid, sohimat flux introduced by the heater is not only used to maintain

the surface temperature of the liquid but also to heat the air.

a)

qevap = qcond - qlogs Qevap = QCond + QCOTlU,G - QZoss Qevap = QCond - QConv,G - QIoss
Figure 1.Investigated casad evaporationfomheated vessels and the heat fluxes under the process

(a)"Y Y,b)"Y Y,0)Y YY)

For the surface of the liquid shown in Figure 1, the heat balance equation can beasritten
0 0 i 0 [ mh P
where 0 @ is the heat fix for evaporation0 | ® is the heat flux removed or transferred by air,
0 § @ isthe 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 ger of a vessel heated from below, the heat balance equation can be written
0 0 7 O mh 4
where 0 ¢ is the heat flux to heat the vessél, ¢ is the heat loss on the side igabf the vessel. By
expressing the termm from Eq. (2) and substituting it into Eq. (1), the heat balance equation of the heated vessel
can be described by the following correlation:
0 0 0 § O ™S o
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 evi@yoMeasurements
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 ducth& 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 fevaporation:
0 01 h T
whereG. QM i is the evaporation raté, GFQ Qs the heat of evaporation aril a isthe surface area of
the liquid.
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The heat flux used to heat the water is determined from theiesd@ower absorbed by the electric filament. The heat
loss was estimated by the heat flux through the raygred wall (stainless steel vessel wall, 20 mm rock wool
insulation, external steel sheet):

() QY Y O h v
where®Q & 7a 0 is theoverall heat transfer coefficierity Jo is the bulk temperature of the liquity ~ J8 is the
ambient temperature and J0 is the external surface of the side wab$ the vesel. The heat flux

transmitted/abstracted by the ali ; 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;

O % | Y Y6 h ®
wheres @7¥ a U isthe 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 0 ¢ a7 , the results are shown in Table 1. The table shows the setting parameters, the
evaporation rate and the heat fluxébe table also gives the heat transfer coefficient between air and water and the

value of the pure hé#&ransfer coefficient| under the same conditions of flow over the flat p[aie

Table 1Data for evaporation measurements, heat fluxeshaattransfer coefficients

Fig. Yo Y ) 0 ] 0 V] (VI | |
Ns) =} Ns) QMa Q () () w W wrfa v wfa o
30,2 19,8 299 0,881 58,0 56,1 5,4 0 11,8 9,6
ﬁ 39,9 20,0 39,8 1,340 87,3 1086 7,7 0 10,4 9,6
49,4 17,1 49,6 2,627 1695 193,6 17,7 0 11,9 9,5
39,6 14,1 29,6 0,860 56,6 340 56 282 28,9 9,9
40,1 18,3 35,0 1,149 75,2 644 8,0 18,8 37,8 9,8
a 39,6 14,1 29,6 0,860 56,6 340 56 282 28,9 9,9
' 4455 10,2 30,0 0,891 58,7 37,1 10,6 321 22,7 10,1
49,3 8,9 29,8 0,965 63,5 258 5,0 427 22,5 10,2
54,0 6,5 29,6 0,989 65,1 13,1 34 554 23,3 10,3
34,7 27,6 39,2 1,506 98,2 1204 8,6 13,5 30,5 9,3
35,4 18,9 55,0 3,798 243,7 314,2 23,2 473 24,7 9,0
ﬁ 30,2 33,1 50,1 2,824 182,2 2285 21,4 250 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 1854 2119 16,0 10,4 11,3 9,2

Notations:» J0 the relative humidity of th air.

It can beestablishedhat, 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 de@ases; 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 coeffignt between air and water takes a higher value than the heat transfer coefficient determined for

the flat plate, so that heat transfer witle mass transfer is more intense than heat transfer alone.
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There are many types of lag@mocessing that are suitable to control and tunepttysical and chemical properties of

solid surface [1]. Traditional laser surface treatments, such as surface melting and surface hardening are usually
performed with a continuous laser beam [2]. Ladevriceswith ultrashort pulse duratierare usedfor modern laser
material processingdne of the advantages oltra-short pulse lasetreatmentis the material remat combinedwith

small heat effected zone. Additial benefitis that surface structures of different shapes and stzes be created
relatively easily

One of the possible prodgodf the applied utashort pulse laser processiizgthe SERS substratghich is used in
Surfaceenhanced Raman spectroscoy]. In our work, dicon monocrystal surface was structutagda femtosecond

laser beam to fabricate a surface morphologit up from 50-100 nm wits. The structured surface was coated with an

80 nm gold layer to create the SERS substrate with a plassunfiéce

Figure 1Thesurface of thdabricated SERS substrate

The SERS enhancement of the fabricated substrate was investigated usiegtdiiacentrations of Rhodamine B and
Rhodamine 6G solutiond he limit of detection for Rhodamine B and Rhodamine 6G of the SERS substrate was
determined during Ramaneasurements-urthermore, SERS enhancement of the commercially available ppodst
compared withthe preparedubstrate.

During thepresentationthe applied lasesetupandthe industrial use afurfaceenhanced Raman spectroscayil be
introduced 4]. Finally, further possible development of SERS substrdtde discussed.
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