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Properties of innovation management and innovative solutions portfolio planning

Naqib Daneshjo, Ranita Sevéikové, Zuzana Francova, Dominika Popovitové
University of Economics in Bratislava
nagibullah.daneshjo@euba.sk

Abstract: Innovation management is the process of making decisions in an ever-changing environment, constantly studying innovative
programmes and reviewing them both in general and in parts. An innovation leader recognizes that his or her activities are surrounded by
uncertainties, both internal and external. He is never immune to the emergence of unforeseen technical problems, the need to reallocate
resources, new assessments of market opportunities. The system for planning and managing innovative technology in management must be
sufficiently flexible. The most comprehensive and flexible innovation management systems are primarily focused on the development of
prospective products as well as the transformation of innovation management functions.

Keywords: INNOVATION MANAGEMENT, PLANNING, FLEXIBLE INNOVATION MANAGEMENT, COMPANY'S ACTIVITIES

1. Introduction

Innovation management is the process of making decisions in
an ever-changing environment, constantly studying innovative
programmes and reviewing them both in general and in parts. An
innovation leader recognizes that his or her activities are surrounded
by uncertainties, both internal and external. He is never immune to
the emergence of unforeseen technical problems, the need to
reallocate resources, new assessments of market opportunities. The
system for planning and managing innovative technology in
management must be sufficiently flexible.

In the context of innovation management, a project must start
with a clearly defined objective, which, like the end result, depends
on the needs of the market [1, 3]. First and foremost, it is the
relevant segment and its characteristics, represented by size,
acceptable price, technical efficiency requirements and product
take-up time. Products should be defined by their efficiency, price
and date of appearance. These characteristics are interrelated and
therefore some iterative process is needed to refine the purpose.

With particular care it is necessary to consider what technical
level of product is required for the particular market segment likely.
Too many parameters can increase research and development.
(R&D) and production costs as well as development time and thus
reduce profitability.

The initial definition of a project should focus on the market
need and its satisfaction, not on decisions about the type of final
product. The definition of the project should be short, not limiting
the freedom of employees to find new solutions. At the same time,
formulate clear objectives, standards for technical, cost criteria and
development time. The innovation portfolio can be filled with a
variety of projects: from large to small, near completion and in the
early stages of development.

Limited resources will need to be allocated to each project.
Some projects will be terminated during implementation, their
components will vary in number and resource requirements, etc. As
a consequence, the process of drawing up plans and modifying
R&D plans is continuous. The number of projects included in the
portfolio is determined by two factors: the size of the projects and
the total R&D budget. The structure of the portfolio is determined
by its manageability by management and the corporate R&D policy.

As the number of projects increases, the likelihood of at least
some of them being completed effectively increases. Moreover, it is
easier to 'pair' small projects with each other in the R&D process
using available private resources (e.g. pilot production facilities).
However, small projects usually have a moderate profit potential,
resulting in products with limited market prospects. This is hardly
equivalent to a company's marketing policy.

The ultimate success of any project is as much determined by
technical and market strengths as it is by the quality of project
management. Good governance is a critical resource for most
companies and should not be scattered across many projects.
Indeed, these are most often divided into phases, and the art of
management lies in staggering their launches over time to ensure
the effectiveness of the entire portfolio.

Innovation Portfolio Management (IPM) is an amalgamation of
activities that facilitate every company to select, build, and market a

new flow of initiatives. The kind of flow that fuels business’s short
term and long-term goals. Innovation portfolio management is a
tool to transform strategic objectives into innovation activities that
are project-based. On the basis of risk profile, an innovation
portfolio gives a framework to convert roughly produced ideas into
real investment opportunities [7, 8].

Moreover, the innovation portfolio is a time management tool
too. It helps in assessing the time required to complete to start a new
initiative [2, 8]. Also, it can be used to reflect on potential
opportunities that can be judiciously used as leverage in
technologies, markets, and products or services. Portfolio
management is also the perfect way to manage the success of
innovation. The success of innovation is most of the time measured
by dividing the total number of successfully implemented
innovation projects BY the total amount of started projects. The
main goal of portfolio management is to measure and optimize the
performance of innovation projects [7].

2. Managing innovation in personnel management

Qualified staff is a major resource for any company or
organisation. The constant search for innovations that will enable
qualified assessment of the effectiveness of activities and personnel
management is the basis for successful business development.

A personnel management system is created at the moment when
any company starts to operate, if it plans to become successful and
has the necessary qualities that are inherent in any innovation.
Personnel management is an administrative function within an
organization that oversees the hiring, organization and support of
employee positions. A branch of human resources, personnel
management focuses on recruiting the right individuals to fit a
position and supporting those already working for the company.
This area also functions as a tool for evaluating the hiring process
and gaining insight into employee satisfaction. Personnel
management professionals work to provide the resources and tools
staff members need to thrive in their work environment every day
[7, 8]. Types of personnel management:

e  Strategic.
e Tactical.
e  Operational.

Personnel management can be broken down into several

elements as listed below:

1. Job analysis: This function of personnel management
determines how a position fits into the overall company
framework. It's a measure of the role and not the
employee.

2. Strategic personnel planning: Also called strategic
workforce planning, this element involves hiring the most
qualified individual to fit a necessary role in an
organization. It ensures that hiring processes are
consistent, fair and effective.

3. Performance appraisals: ldentifying how employees are
evaluated is the function of this element of personnel
management. Using this element, professionals in
personnel management decide how often employees are
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assessed and the methods used to
performance.

4. Benefit coordination: Determining the type of benefits
employees receive and planning for their distribution is an
essential part of personnel management. This element also
involves choosing plans such as personal health care
benefits.

5. Continuing education: To keep staff involved in growing
their career and investing in their workplace, personnel
management oversees employee development through
continuing education. This may include offering seminars,
learning lunches or arranging for staff to attend
professional conferences.

6. Pay and salary distribution: Another part of the
operational activities of personnel management staff is to
ensure employee payroll functions correctly. It may also
involve setting pay scales or job levels.

7. Attendance and leave: Managing personnel also means
overseeing time off for sick and personal days. This
function also involves leaves of absence or short-term
disability.

rate employee

The emergence and development of a system goes through all
phases of the innovation process, which corresponds to key
economic laws. All transformations are aimed at increasing the
efficiency of employees and thus the success of the company as a
whole.

A study of the HRM system itself as an innovation should be
conducted with a focus on these criteria [1, 4]:

1. Personnel development and career management: curricula
are designed in conditions of mismatch between
qualification requirements and actual competencies of
employees, therefore individualization of the learning
process is necessary in order to obtain the most effective
result at the minimum cost.

2. Building an incentive system: traditional incentive factor-
It is the employee's salary which is determined by the
value of a particular job. In addition to this, a rewards
system is also prevalent, which involves a variable wage
component that is determined by each employee's
monthly contribution to the work of the department and
the organization as a whole.

3. Shaping corporate culture: if every employee is aware of
the core values and mission of the company, it has a
positive impact on the effectiveness of his work and the
process of transferring these values is the corporate
culture.

4. Developing a competency model: This innovation is
intended to regulate the multifunctionality of a multitude
of workplaces and competently build a technological
chain that avoids conflicts and focuses on quality and
efficiency of work.

5. Computer technology in management: software products
not only allow to keep records of personnel according to
various parameters, but also to generate the necessary
reporting documents, which can be easily transferred in
electronic form.

At the heart of innovative approaches to personnel
management is the consideration of the characteristics of human
resources:

e Humans are intelligent beings who respond to external
influences emotionally and meaningfully rather than
automatically, so the interaction between the organisation
and the employee is reciprocal.

e People strive for continuous improvement and
development, thus improving the quality of each
enterprise.

e On average, a person's work activity lasts from 30 to 50
years, which means that the relationship between

employees and the company can be characterized as long-
term.

e  People choose their work intelligently, they are guided by
certain goals and in return they expect their ideas to be
realised. The further course of cooperation depends on
how satisfied the employee is with the interaction with the
organization and vice versa.

Innovation or innovation is the result of creative activity aimed
at the development, creation, distribution and profitable use of new
types of competitive products, modern technologies, the
introduction of new organizational forms and management methods.
Innovation is characterised by the efficiency of investment in the
development of the economy, providing cost savings or creating the
conditions for such savings.

The role of innovation continues to grow. In most
industrialised countries, the number of people involved in scientific
development, research and experimental processes doubles
approximately every ten years. A decisive factor in scientific and
technological progress is the high rate of technical renewal of
production, the introduction of high-efficiency products and
technologies. The most important feature of innovation is therefore
the novelty of consumer characteristics, with technical novelty
playing a secondary role.

The methodology for systematically describing innovation in a
market economy is based on international standards. A group of
national experts on science and technology indicators has been set
up to coordinate the collection, processing and analysis of
information on science and innovation within the Organisation for
Economic Co-operation and Development (OECD). Innovation
management is a system for managing innovation, the innovation
process and the economic relationships that arise from this
management.

Innovation management is based on the following basic points:
the purposeful search for an idea that serves as the basis of this
innovation; the organization of the innovation process to create this
innovation; this involves carrying out an organizational and
technical complex of work to turn the idea into an innovation; the
process of promoting and introducing the innovation to the market,
which requires a creative approach and active action of salespeople.
The foresight function in innovation management covers the long-
term development of changes in the technical, technological and
economic state of the management object as a whole and its
individual parts. The result of forecasting is a prognosis, i.e. an
assumption about the possible direction of the respective changes.
The hallmark of innovation forecasting is the alternative nature of
the technical and economic indicators included in the process of
innovation creation. Alternativeness implies the need to choose one
solution among mutually exclusive options.

3. The use of innovation management in the
company's activities

The need for innovative enterprise development places new
demands on the organisation, content and methods of management
activities. The organisation of innovation management in an
enterprise is a system of measures aimed at rational integration of
all its elements into one innovation management process. The
innovation management organisation combines the above elements
of the innovation management process into a single system.

Table 1. The process of innovation management organisation in the
enterprise

Defining the goal of innovation
Stage 1 management.
Choosing an innovation management
Stage 2 strategy.
Stage 3 Definition of innovation management
g techniques.
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Developing an innovation

Stage 4 management programme.

Organisation of work on the

Stage 5 implementation of the programme.

Control over the implementation of

Stage 6 the planned programme.

Analysis and evaluation of the
effectiveness of innovation
management techniques.

Stage 7

The organisation of innovation management is already laid
in the creation and implementation of the innovation, i.e. in the
innovation process itself. The innovation process serves as the basis
of the force on which the effectiveness of the use of innovation
management techniques will depend. The important stages in the
organization of innovation management are the development of an
innovation management program and the organization of the work
to carry out the planned work. An innovation management
programme is a set of measures agreed in terms of timing, outcomes
and financial support to achieve a set objective.

An integral part of innovation management is the
organisation of work on the implementation of the planned action
programme, i.e. the determination of certain types of activities, the
volume and sources of funding for this work, specific implementers,
deadlines, etc.

Innovative economy is the economy of a society based on
knowledge, innovation, on benevolent perception of new ideas, new
machines, systems and technologies, on readiness for their practical
implementation in various spheres of human activity. In the
innovation economy, under the influence of scientific and
technological knowledge, the traditional spheres of material
production are transformed and radically change their technological
base, because production that does not rely on new knowledge and
innovation proves unviable in the innovation economy. The most
significant features of the innovation economy include [52]:

e Any individual, group of persons, enterprise anywhere in
the country and at any time can obtain any necessary
information about new or known knowledge, innovations
on the basis of automated access and telecommunication
systems.

e  Modern information technology and computer systems are
produced, shaped and made available to every individual,
group of persons and organizations, thus ensuring the
implementation of the previous paragraph.

e Infrastructures are in place to ensure the creation of
national information resources in the quantities needed to
support the ever-accelerating pace of scientific and
technological progress and innovative development;

e A process of accelerated automation and computerisation
of all spheres and sectors of production and management
is underway; radical changes in social structures are
taking place, resulting in the expansion and activation of
innovative activity in various fields of human activity.

Given that innovations are currently a necessary factor for
increasing the competitiveness of a company, it is necessary to
focus on measuring and evaluating their performance. Measuring
innovation performance covers a wide range of entities, from simple
innovation projects to the entire economy. Different existing levels
and categories of innovation activities to be measured must be
defined and partially extended to all significant levels of
performance measurement.

4, Conclusion

Each proposal for an innovation plan should be based on a
selected variant of a comprehensive business strategy, respecting
the strategy of cost-effectiveness, based on scientific, technical and
economic information. Innovation is crucial to a company's
business strategy. They make it possible to win new markets and
market segments, to reduce production costs, which creates the
prerequisite for lowering prices and increasing market share.

Innovations in the company are largely based on
developmental changes in production and on the market, they lead
to the expansion of the production process. The term innovation can
be understood as the introduction of "something new" into the
current activities of the company. These are new knowledge,
technologies, products, but also their various improvements and
combinations.
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KOHHeHTyaJ'IeH MO/1€J1 3a IJIaCyBaHeE C 6I/IOMeTpI/l‘{Ha l/IIleHTI/l(l)I/IKaHI/IH
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Cromnasckn pakynrer 2
Cotuiicku yausepeuter ,,Cs. K. Oxpuacku®, Codust, Brirapus™ 2
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Pestome: Enexmponnama udenmupurayus ROCmeneHHo ce npespvlya 6 npeonoyumana yciyaa, KOsAmo e HanudHa u UHmezpupana 6 peouyd
busnec npoyecu. Aopecupanemo Ha pucka om cyOeKmuHU epewiku U NPonyCcKu npu uOeHmupuyupaHemo Ha 21acysawume epaxcoaru ou
006€10 00 3HAUUMENHO CMEKYABAHE HA BbIMONCHUME NOCIEOUYU OM KOHMPOIUPAH 60N U CHUEEPEMEHHO 00 SHAUUMETHO ONMUMUSUPAHE 8
pabomama na uzbopHume Komucuu. B masu cmamus npednazame ysnocmen nooxoo, b6asupan Ha GUOMEmMpUdHA udeHmupurayus 3a
MEXHONOZUYHO NOONOMOSHAM Npoyec No udeHmuguyupane Ha nacysawu epaxcoany. Koncmamayuume om mosa uscie0sane OONPUHACAM
3a YnpaeneHuemo Ha pucka om pewKy U nponyCcKu npu UOeHMu@UKayusma Ha 21aconooagamenume u npeooCMAasim YeHHU 6b3MOICHOCHIU
3a 6KNIOUBAHEMO HA OUOMEMPUYHA UOEHMUDUKAYUA NPU QOPMYTUPAHEMO HA NPOAKMUBHY CIPAMESUl 34 2APAHMUPAHE HA YeCIeEH 80N,
Knwwuoeu oymu: cucmema 3a enacysaue, buomempuuna uoeHmuguxayus, uzoopu, u360pHu CRUCyYU, UOCHMUDUKAYUs Ha usdbupameny

Conceptual model for voting with biometric identification
Kamen Spassov’, Nikolay Netov?
Faculty of Economics and Business Administration®'?
Sofia University "St. KI. Ohridski", Sofia, Bulgaria® 2
kspassov@feb.uni-sofia.bg”, nnetoff@feb.uni-sofia.bg?

Abstract: Electronic identification is gradually becoming a preferred service available and integrated into a number of business processes.
Addressing the risk of subjective errors and omissions in the identification of voting citizens would lead to a significant mitigation of the
possible consequences of a controlled vote and at the same time lead to a significant optimization in the work of election commissions. In this
paper, we propose a comprehensive biometric-based identification approach for a technology-assisted citizen voter identification process.
The findings of this research contribute to the management of the risk of errors and omissions in voter identification and provide valuable

opportunities for the inclusion of biometric identification in the formulation of proactive strategies to ensure a fair vote.
Keywords: voting system, biometric identification, elections, electoral lists, voter identification

1. Bveeoenue

IIpes mocnemuure Tpu rogumHu B Pemybimka bwarapus ce
MPOBEXJAT TMOpeAHIia OT INPEACPOUHM ITapIaMEeHTapHH H300pH,
KakTO W pEeJoBHH M300pHM 3a MeCTHa BJIAaCT M EBPONEHCKH
napiaMeHT. B Hsikon ciydan Ha efHa M ChINa Jara ce IPOBEX/aT
HoBe4e OT eAMH u300p. 3aKyleHH ca MalIMHH 33 eJIEKTPOHHO
rjacyBaHe M B HM300pDHOTO 3aKOHOJATEICTBO Ca HAIpaBeHU
MPOMEHH, KOMTO IMO3BOJISIBAT Ha TPaKIaHUTE Ja IJIacyBaT KaKTO
SJIEKTPOHHO C MAIIMHUTE, Taka W C XapTHeHH OronetuHu. B
pe3yaTaT Ha HETaTHBHA KaMIAHUA ¥ TOJUTHYECKH HATHCK
MaIIMHAUTE 32 eJIeKTPOHHO IJIacyBaHe ca MPEBbPHATH B IPUHTEPH 32
oTrevaTBaHe Ha OIONIeTHHH B u30opHaTa ceknusa. [lopamm ToBa
mpobneMuTe W CHMHEHHSTA 3a MaHHUITyJIHpaHe Ha W300pHUS
pe3yaTraT mHpH pBYHO OpoeHe Ha OIOJNETHHHTE, OTIEYaTaHH
LEHTPAJIM3UPAHO, U Ha MSICTO B M30OpHATa CEKIMs, OCTaBaT, a U
pe3ynTaTMTe OT BHAEO HAOIIOAEHHETO B M300pPHUTE CEKIMU
HOTBBPK/JaBaT U3BBPIIBAHETO Ha MAHUITYJIALIMH.

Enun or MeTomuTe 3a MaHHWITyIHpaHe Ha BOTa € CHOMPaHETO
(o HAKAKBB MPEAJIOT WM CPEelly 3alllallaHe) Ha JIMIHU KapTH U
rJlacyBaHe OT HMETO Ha NPHUTEXATEINTEe HA KapTHUTE 3a OIpe/ieneHa
TIapTHS WX KaHAWUAAT.

EnHo3HauHATa MACHTH(UKALMS HA TNIACYBANIOTO JIMIE € eIHa
BB3MOYKHOCT 32 MHHMMH3HpPAHE Ha MaHWITYJIHPaHETO Ha BOTA Ha
rpaxaanure. B MoMeHTa wuaeHTH(WKAUATA ¥ CBEpKara ¢
M30HMpATENIHUsI CIIMCHK CE M3BBPIIBAT Bb3 OCHOBA HA JIMYHA KapTa
[1], xosto Moxke ma Oble TmpeiCTaBeHA W OT JAPYroO JIMIIE.
Kpamudumpanust enekrponer momxmuc [2], [3] e emuncTBEeHHAT
CHTYpEH 3aKOHOBO YCTAHOBEH ENEKTPOHEH HIEHTH(PHKATOP, HO
JINTICBA TIOJIUTHYECKA BOJISI 38 MACOBOTO MY MIPHJIOXKEHHE.

Buomerpuunara wupentudukanus [4], [5] ce ocHoBaBa Ha
OWOJIOTUYHM JIaHHH, KOHMTO Ca XapaKTepHH 3a BCEKH EIHH
IPaKIAHUH, M MPAKTHYECKH € HEBH3MOXKHO JBaMa TPaKIaHH [a
MMaT e[IHH ¥ ChIIH OHOMETPUYHH JaHHU.

[TpbCTOBHAT OTMEYATHK € crelrUUeH 3a BCEKH €ANH MPBCT Ha
BCEKU OTJEJIeH IpaxkJaHuH. [Ipy n3naBaHeTo Ha JIMYHU JOKYMEHTH
chIaCHO WI. 17 oT 3akoHa 3a OBITapCKUTE JIMYHU JOKYMCHTH
BCEKHU TPaXAHUH MPEIOCTaBsl IPHCTOBH OTIeYarhbiu [7], kouto ce
cbxpaHsBar B 0azata nanau Ha MBP. [Ipe3 mocieaHuTe roauHu

[IPBCTOBUTE OTIEUATBIM CE€ CHEMAT C €JIEKTPOHHU YCTPOMCTBa U Ce
chxpansiBar B 1udppos Bua [8]. CeiiectByBa m00pe neduHHpaHa
penanus Mexay npbcroBute otneyaTblu, EI'H n HOMep Ha nuyHa
KapTa 3a BCAKO JiMIe Han 14 roawHu, TpakaaHuH Ha PemyOmmka
Benrapus. [IpaBo Ha rimac umar nunara Haj 18 roanHH, T.€. BCEKH C
MpaBO Ha TJIAC € PETHUCTPUpPaH C MPHCTOBHTE CH OTIEYATBIN B
MBP.

OcBeH ¢ npbCcTOBU oTneuaTblin MBP pasmnonara u cbc CHUMKH
Ha BCHYKH T'PAXIaHU, KOUTO MMaT JIMYHA KapTa WK Macnopt (Wi
22 or 3akoHa 3a OBArapckUTe  JMYHU  JIOKYMEHTH).
LudposuzupaHeTo Ha CHUMKHATE MOJKE JIa CE M3IION3BA 3a JIUIIEBO
pa3mno3HaBaHe, KOETO € APYT BUJ OMOMETpUYHA WACHTH()UKAIIHS.

Ha mo-xbceH erTam € BB3MOXHO Ja C€ MPWIOKH H
unentudukanus Ha Oa3ara HA JaHHW 3a Wpuca Ha ouute [6] — B
CeraniHus BapHaHT Ha 3aKoHa 3a OBIrapcKUTe JMYHU JOKYMEHTH
CBIVIaCHO WI. 18 ce 3amucBa 1BeTHT Ha oyute. [loanmucsT Ha nuieTo
ce CHeMa MpH U3JaBaHe Ha JIMYHU JOKYMEHTH (4. 26 oT 3akoHa 3a
OBJITapCKUTE JIMYHU JOKYMEHTH) M CBILO MOXKE Ja Ce M3I0J3Ba 3a
OGroMeTprYHa WACHTH(UKALUS HA TO-KbCEH eTall.

ChIecTBYBAT W MHOTO JpYyrd METOMU 3a OHOMETpHUYHA
uAeHTH(UKAIMSA, HO MPBCTOBUAT OTHEYaTBK H  JIUIEBOTO
n300pakeHUe Beve ca HAIMYHU B MacuBHTe Ha MBP, mopanu koeto
HMa J1a ce pasrIekaaT Ipyry BapHaHTH.

B penuia ctpanu 6noMeTpryHaTa HASHTU(GUKALNS Ce M3II0I3Ba
3a MIACHTU(HIMPAaHEe HAa TPAXKIAHU U HA JIUIA, TPAKIAHN Ha JIPYTH
CTpaHH, NPH BJIM3aHE B CTPaHaTa.

B Peny6nuka Bbarapus OuomerpuyHata HACHTHOHKALMS Ce
U3MoJ3Ba OT OHM3Heca JocTa AaxkTHUBHO. MieHTHduUKarus Ha
HOTPEOUTENNTE C HM3MON3BaHE Ha OHMOMETPHYHA HICHTU(UKAIHS
WIIH €JIEKTPOHEH MOJIKC e MpHiiara Haii-4ecto B OaHKOBHUSI CEKTOP,
TENIEKOMYHHUKAIIMHUTE, KAKTO U B CHCTEMHTE 33 JOCTBII 10 (UPMEHU
MHGOPMAIIMOHHN CUCTEMH.

2. Cevp3anu uzciedsanus

IIpes mocnennute TOOWHM ce HaOMIOAaBa 3acUIIEH HayudeH
HHTepec 10 TeMaTa 3a OMoMeTpuYHaTa UICHTH(UKANUS 1 HEeIfHUTe
NPWIOKEHHUST KOHKPETHO TIPH €JIEeKTPOHHO rilacyBaHe. JloOwp
KPUTHYCH JIMTEpaTypeH Mperie Moxe Ja 6bae Hameped B [9], [10],
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[11]. OcHoBanuTe 1enM Ha TE3W U3CIICABAHKS CA CBbP3aHHU C aHAIN3
Ha TOJIOXKUTEIHNTE e(PEeKTH MO OTHOLIEHHE HA CHIYpHOCTTa M
HAAEKIHOCTTa B CHCTEMHTE 3a IJIaCyBaHe, KOUTO H3IOJ3BAT
OnomeTpruYHATa UACHTU(HUKALKSA 1 OMOMETPUYHATA KPUIITOTpadHsL.

Moske 1a CH TOCOYM HHTEpECeH IpHMep 3a H3IOJ3BaHE Ha
OMOMETpPHYHHM CHCTeMH 3a wHAeHTH(QUKarus B bpaswms [12].
Benpexkn ue TexHonOrmsATa, CBHp3aHa C TO3M BHI YCIIyra, ce e
pa3Bmia, IleHaTa Ha HEHHOTO IIpWiIaraHe He € JOCTBhIHA 3a
MOBEYETO CTPaHU. ABTOPUTE HA TOBA M3CIIEABAHE MOCTABAT aKLEHT
BBPXY TBPCEHETO Ha KOHIENTYaTHH MOJEIH, KOMTO CE€ OTIMYaBaT
HE CaMo C BHCOKO HUBO Ha CHT'YPHOCT M HaJeXJHOCT, HO U BBPXY
TaKHMBa C BUCOKA CTEIEH Ha JIEKOTa Ha M3IMOJI3BaHE U e(h)eKTUBHOCT
Ha pasxoauTe. MHOTO IMOJIE3HHM B TOBa OTHOIIEHHE Omxa OWiu
JOITBJTHUTEITHN M3CIIEABAHMS Ha Pa3JIMIHA METOIH 32 OMOMETPUIHO
ynocrosepsiBaHe. B [11] aBropuTe cpaBHABAaT TpHU pa3lIU4HU
MeToJa, M3MON3BaHM 3a  IpUjaraHe Ha  OMOMETPUYHO
YIOCTOBEpsSIBAHE  TIOCPEACTBOM  MOOHIHOTO  ycTpoiictBo. Te
pasrinexnar: (1) AES xpuntupane Ha  OHOMETPHUYHOTO
m3obpaxenne, (2) AES xpuntmpane Ha  OHOMETPUYHO
n3o0paxkenue, 6a3upaHo Ha BBJIHM, U (3) reHepupaHe Ha mabJIoH Ha
omomerpuuHo uzobOpaxenue. AES anropurembT, Oasmpan Ha
BBJIHM, YCKOpsiBA TIIpolleca Ha KpUNTHpaHe M HamaisiBa
U3MOI3BAHETO Ha IpolLecopa Ha MOOMJIHOTO  yCTPOWCTBO.
ExcriepyMeHTamHUAT aHaNM3 Ha TPH MeToJa IIOKa3Ba, 4e
npousBoauTenHocTTa Ha AES kpunrtupanero, 0a3supaHo Ha BBIIHH,
e MHOro mo-modopo or AES kpuntupanero u reHepupaHETO Ha
mabioHd. AHATM3bT HA CUTYPHOCTTA HAa TPUTE METOAA COYH, 4e
AES u 6a3upanoTo Ha BeiHE AES kpunTupane nokassaT mo-noopa
CHUTYpPHOCT OT 3aIUTaTa, 6a3upaHa Ha OHOMETpHYEH MIabJIoH.

3. Bwamoowcnocmu  3a  u3znonzeame  Ha
ouomempuuna uoeHmupuKayus 6 u300pPHUA npouec

CHemMaHeTO Ha TPBCTOBH OTIEYATBIM C  EIEKTPOHHH
YCTPOWCTBA € TEXHOJIOTMYEH NpoOiieM, KOHTO € pelieH B Kpas Ha
XX u navanoro Ha XXI Bek. [TogoOHU ycTpoiicTBa ca HIMPOKO
JOCTBIIHM Ha mas3apa. EIHO TbpceHe 3a CeH30p 3a INPBCTOB
ormeuarsk (fingerprint sensor) B Microsoft Bing [13] moka3sa Hax
1900 000 pesynTara, TroisiMa YacT OT KOHWTO Ca 3a KOHKPETHH
yCTpoiicTBa, JOoCcThIIHM Ha ma3apa. MBP pasnonara ¢ enekrpoHHu
YCTpOHCTBA 32 CHEMaHe Ha MPBCTOBU OTHEYATHIIN.

JoOpe mo3HaTHTE pa3ledaTKl Ha W30WpaTenuTe B JaJcHA
n30uparenHa CeKUMs CBIIECTBYBAT B €JIEKTPOHEH BHUI, NMpEAu Aa
ObmaT oTmedaTaHW, W MoraT Jga ObJaT 3apelieHn Ha BCEKH
CBbBPEMEHEH KOMMIOTHP. KbM KOMIIOTHPA € BKIIIOUEH CTaHAapTeH
CEH30p 3a HNPBCTOBM OTNEYaThLM. ['JacomonaBaTensT HpenocraBs
JMYHATA CH KapTa Ha WIEH Ha KOMHUCHATA B M30MpaTeTHaTa CeKIus,
KOHWTO 0TOEeNsI3Ba B CIIMCHKA, Y€ TPAXKIAHUHBT CE€ € SBHJI 32 BOTA.
I'paxaHUHBT TpenOCTaBs CBOS MPHCTOB OTIICUATHK IIPE3 CKeHepa
3a MPBCTOBU OTIEYATHIN. L{M(ppPOBU3NPAHUAT MPBHCTOB OTHEYATHK
ce M3Mpalla Mpe3 CUTypHa MHTEPHET Bpb3Ka WIM Ipe3 eIUHHATa
SJIEKTPOHHA CHOOIIHUTENIHA MpeXa Ha JIbp)KaBHATa aJMHHUCTPAINS
0 aaMUHUCTpaTHBHaTa uH(popMannonHa cucrema (AHC) Ha
6aszara manuu Ha MBP, 3aeqno ¢ ET'H Ha rpaxnanuna. M3pepuisa
ce Bepubumkamms mamm EI'H W [OpbCTOBHAT — OTHEUATHK,
MIPENOCTaBEeHN OT IpaKAAaHWHA, CBHBIIAAAT C TE3H, ChXPAHSIBAHH B
Oaszara gaHHu Ha MBP.

IIpu oTpunareneH pe3yaraT JULETO C€ IpeAaBa HA OPraHHUTE
Ha MBP wu mpokyparypara 3a TbpCEHE Ha OTIOBOPHOCT 3a
¢danmudukanus Ha JOKYMEHTH, KpakOa Ha CaMOJIMYHOCT WIIH
JIpyro B cbOTBeTCTBHE ¢ I30uparennus 3akoH u HakazaremHus
KOJIEKC.

[Ipu nanmnume Ha cporBercTBHe AMC Ha MBP otbGensizea B
HM30MpaTeNHUs CIHCHK, Y€ TPXIAHUHBT CE € SIBIJI 3a IJIacyBaHe.
I'paxaHuHBT NOTy4YaBa CHOTBETHUS OpOi OIONETHHM MM KapTH 32
rilacyBaHe W OTOeIsI3Ba CBOSI I1aC B CHOTBETHUTE €IEKTPOHHH HIIH
xaptuenu OroneriHu. Cief| IycKaHeTo Ha XapTHEHHUTE OIOJICTHHH B
CBbOTBETHHTE YPHM WM ClIeA  EJNEeKTPOHHOTO  IJlacyBaHe

IJ1aCONO/ABATENIAT OTHOBO C NPBCTOB OTHEYATBK OOSABSABA B KOM
n300pHU € yJacTBal

Ha ¢ur. 1 e moka3aHa npuHLMIHA CXe€Ma Ha CHUCTeMaTa 3a
O6uomerpuuHa wuaeHtuduxanusa. IIpeacTaBeH € BapHaHT C
M3IO0JI3BaHE Ha MPBCTOB OTmedaThk. ChIara cxema MOXe Ja ce
HPWIOXKH ¥ 33 APYTH TUIIOBE OMoMeTpnYHH NaHHA. CaMUAT Ipoliec
Ha IJlacyBaHe MOXKe Jia ObJie ¢ XapTHEeHH OIOJICTHHH WM C MaIlfHA
WM OTAAJICYCHO O €JIEKTPOHEH ITBT.
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@ue. 1. Ipunyunna cxema Ha cucmemama 3a OUOMEMPUYHA
uoeHmughuxayus

IIpu To3u BapHaHT ce U3UCKBAa OCUTypsIBAHE Ha rapaHTUpaH U
curyper pocten no AMC Ha MBP, T.e. TpsiOBa ma ce ocurypu
MpEXOBa CBBP3aHOCT MEXKIY BCska eqHa n3bopHa cekuus u AUC
Ha MBP. Texnuuyeckute Bb3MOXHOCTH 3a TOBa Ca HAKOJKO MU ca
mpeaMeT Ha KOHKPETHO TEXHHYECKO pEIIeHHEe, KOETO € W3BBH
o0xBaTa Ha Ta3M MMyOIUKAIHS.

BB3MOXKHO € CKeHepBT 3a MPHCTOBU OTIICUATHIM J1a TeHepUpa
xem (QYHKOUS ¢ TapameTpu [M(POBU3UPAHHUTE JaHHU OT
MPBCTOBHS OTIEeYaThk. B 6a3ara mannu Ha MBP Moxe aa ce massat
Te3u Xell PYHKIMK U BepruUKaIUATA Ja Ce CBSKIA 0 MPOBEPKa 3a
ChBMaicHHEe Ha xeml ¢yHKiuuTe. Taka 00eMbT Ha OOMCHSIHUTE
JTAaHHU C€ ChKpalllaBa 3HAYMTEIHO.

[lpu BBBeXOAaHETO HAa YWN B JIMYHATa KapTa WIH JpPYyT
enexktporeH Hocuren (USB mamer, MoOmieH TenedoH W Op.) Xemr
(hyHKIUATa ¢ MapaMeTpu U(POBU3UPAHUTE JAaHHU OT MPBCTOBHUS
OTIEYaThK MOXE Ja ObJe 3amucaHa Ha yuma. B To3u ciyuait
BepuduKanuaTa Ha Xell (QYHKIHATA, TEHEpUpaHa OT CKEHepa 3a
MPBCTOBH OTICUATHIM, MOXKE JIa C€ M3BBPIIN Ype3 CPaBHABAHE C
xeml (GYHKUIWSATA, 3aMUcaHa Ha JMYHATA KapTa Ha CaMHs CKEHep.
TakuBa yCTpOWCTBa CHINO ca MOCThIHM Ha mazapa [13]. B to3m
ciydaii ce W30srBa HEOOXOMUMOCTTA OT HAMYHE HA MpPEXKOBa
cBBbp3aHOCT Mexkay cekiusita 1 AUC na MBP.

BB3MOXHH ca BapHalMil M ONTHMHU3ALMs HAa TaKa OMHCAHHs
NpolLiec Ha IJIACYBaHE C M3MOJI3BaHE HAa OMOMETPUYHM NaHHH 32
naeHtnduKanus Ha miaconozasatenure. Jlanum e ce u3monssa
NPBCTOB OTIEYATHK, JIULEBO PA3O3HABAHE, PA3[O3HABAHE HA HPUC,
pa3no3HaBaHe Ha CAMOPBUCH MM EJIEKTPOHEH MOAINC, € BBIIPOC Ha
pelieHre Ha 3akoHozarens. IIpu W3moji3BaHe Ha KBaTH(HIHPaH
CJICKTPOHEH MOANMC BMecTo 0a3ata naHHM Ha MBP ce msmoisear
6a3zuTe MaHHM Ha [OCTaBYMIMTE Ha YIOCTOBEPUTEIHH YCIyrH
(AYY). Ilpoumenmypara mo BepuduumpaHe Ha KBATHQHUIUPAH
€JICKTPOHEH IIOJITNC OTJaBHA € JOKa3aua CBOATa €()eKTHBHOCT.

JIBydakropnara wmnm  MHOrodakTopHata HACHTH(UKALUI
(6buomerpuuna + enexktpoHeH mnoxmuc, ITMH, token, SMS wiu
JPYro) MO3BOJISABA []a €€ PEaM3Upa MHOTO CUI'YPHO JUCTaHIIMOHHO
rJIacyBaHe 110 eJICKTPOHEH IIbT. IIpH TaKbB MOAXO0] Bb3MOKHOCTHTE
32 MaHMIIyJHpaHE Ha BOTa Ce MHMHHMHU3HUPAT. J{HCTAHIMOHHOTO
CNICKTPOHHO TJIaCyBaHe HE OTMEHsS, a JOIbJBa IJaCyBaHETO B



Innovations 2024

n30upaTeNHy CeKIMH, HO BEPOSATHO IIe YBEIMYM H30MpaTenHara
akTuBHOCT. Hali-mankara mon3a 1me ObIe YJIECHSIBAHETO Ha
n300pHUS Tpolec 3a OBIArapCcKUTe IpakAaHd C MPaBO Ha Ijac B
qyXOHHa.

4. Ilpeoumcmea na npeonorHceHus KOHYenmyaieH

Mooen 3a 2nacysame c ouomempuuna
udenmugpurayus
o HpeMaXBa C€ BB3MOKHOCTTAa €IHO JHIEC Aa Trj1acyBa
IIOBCYC OT CAWH IIBT.
o Hpe[[OTBpaTHBa C€ Bb3MOXHOCTTa €QHO JIUIEC Aa IriacyBa
BMECTO JPYyTO.
o BpOS{T Ha TJIacyBaJIUTC TIpaxaaHU HE MOXKE [da C€

MaHUITYJIHpa Ha HUBO CEKIIMOHHA U30UpaTelIHa KOMHCHS.

. [Ipu nanmume Ha Bpb3ka ¢ AMC mHa MBP Opost Ha
IJIACyBAINTE TPAKAAHN CE OTYHTA B PEATHO BpeMe.

. ITpu Hanmuuue Ha 3aKOHOBO H3MCKBAHE 32 3aABIDKMTEIHO
riuacyBaHe Obp30 M HAaBPEMEHHO MOraT Ja ce B3eMar
aJeKBaTHH MEpPKH 32 pealu3upaHe Ha 3aKOHOBOTO
3aIBDKEHHE Ha BCEKHM TpaXIaHMH. Mepkure He ca
IpeaMeT Ha Pa3IIeKIaHe B TO3H MaTepuall.

. IMomoOpsiBa ce KOHTPONBT BBPXYy WICHOBETE Ha
CEKIIMOHHUTE KOMHUCHH M C€ HaMallsIBaT BH3MOXXHOCTHTE
3a MaHHMITYJIMpPaHEe HA BOTA HA TPAKAAHUTE B ChOTBETHATA
CEKILHS.

. CriectsiBa ce ppUeH TPYA IO BBBEXKAAaHE Ha NaHHH OT
XapTHEeHH W30UpaTeNHH CIHUCHLIM B EIEKTPOHHA 0Oa3a
JaHHH 3a JIMIaTa, IJacyBald B CHOTBETHUTE H300pH.
IIpenoTBparsiBaT ce BOJHM W HEBOJHH TIPEIIKH IIpU
BBBEX/JaHE Ha JaHHU.

. B m30uparenHuTe CcexnmM B 4Uy)KOMHa ce U30ArBa
PBUHOTO BBBEXIAaHE (IOMMCBaHE) Ha uU30Hparenu B
N300pHHUTE KHIDKA. ABTOMAaTHYHO C€ YIOCTOBEpSBaT
n30MpaTeNHUTe TpaBa Ha JMIATa, KOWTO HCKAT Ja
IJIacyBaT.

. Cp31aBa ce BB3MOXKHOCT 3a IJIaCyBaHe B JApYyra CeKIus,
Th Karo uAeHTH(UKAIUsITa Ha TJIACONOAAaBaTeNs ce
mpepuBa B AUC wa MBP. (IlpemaxBa ce
HEOOXOMMOCTTA OT MoJaBaHe M 00padOTKa Ha 3asBICHIE
3a rilacyBaHe 110 HaCTOSII ajipec.)

5. Heoocmamvuu Ha
KoHnyenmyanen  molen  3a
Ouomempuuna uoenmupukayus

npeonosicenusn
2nacyeane ¢

CTpax OT HeNO3HATOTO;

BbBexxaane Ha HOBH aAMUHUCTPAaTUBHU NIPOLIECH;
[Ipomsina B nelicTBalINTe HOPMATUBHY aKTOBE;
[pogpmxuTeTHATAa M HACTOWYMBA MPOTIATaHa U caboTax
cpelly eJIeKTpOHHOTO IJacyBaHe Ie IIPEMHHE B sPOCTHA
peakiys cpelly OnoMeTpuyHaTa HASHTUDHKALNS;

. PazpymaBane ©Ha gobOpe oTpaboTeHHMS MoIen 3a
MaHUIYJIMpaHe Ha XapTHEHUs BOT;

o CerpoTnBa oT crpana Ha MBP 3a m3nmomsBaHe Ha Beue
chOpaHUTEe OHOMETPUYHH JaHHH;

. MuHIMI3HpaHe HA Pa3XOJIHUTe 3a MPOBEXKIaHe Ha N300pH

(c XxapTHeHHU OIOJICTHHH).

6. H3600u u 3axniouenus

[IpennoXeHUsAT KOHIENTyaJeH MoJeld 3a IJacyBaHe C
OuoMerpryHa UACHTH(UKALUS € TeXHWYeCKH peanndyeM. B
bbarapust cbluecTByBa HEOOXOOMMHUAT 32 PEATM3HPAHETO Ha
cucreMara TexHu4ecku kananuter — kakto B UKT ¢upmure, Taka u
B OIpeJiesicHaTa B 3aKOHa 3a eJIEKTPOHHOTO ympasienue [14] karo
elIMHEeH  cucTeMeH  omeparop ¢upma ,JHpOpMarmoHHO
obciyxBane“. Enna cucrema 3a OMoMeTpHYHA HIACHTHHKAMS On
Omia OTHOCHTENHO CBTWMHA, ThH KaTo 0a3W JaHHH C NAaHHU OT
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OuomeTpru4Ha MACHTH(UKaMA Beue ca usrpaaeHn B MBP u ca
oTpabOTeHH MpolecuTe Mo chbOupane, 00padOTKa U ChbXpaHEHUE Ha
OGMOMETPUYHHU JaHHU, KaKTO U IO TOAAPBXKKA M pa3BUTHE Ha
cucremara. HammuHum ca wu ycTpoiicTBata 3a CcbhbOHpaHe Ha
OMOMETPHUYHY JaHHU.

ITomo6Ha cucTema Iie 3aTpyAHHM 3HAYUTEITHO MaHUITYJIHPAHETO
Ha W300pHHTE pe3yiTaTd. MaHUITyIMpaHETO Ha TakaBa CHCTeMa
M3VUCKBA 3a1bJI00YEHH TEXHWYECKH IO3HAHWS WM TOJIIM (pHHAHCOB
pecypc. Heobxonum e u gocten 1o 6a3uTe JaHHU M NpPEHOCHATa
cpena, KOUTO ca WM OH ClieABao J1a ca 100pe 3aIuTeHH.

N3n013BaHeT0 Ha XapTHEHH OIOJCTHHM, HAJIMYHETO Ha TOJISIM
Opoii HeBanMIHM OIOJETMHM IIPU XapTHEH BOT, MPOIEAYPUTE IO
npebposiBaHe Ha IJIacOBETE, CA0OTHPAHETO Ha EJIEKTPOHHOTO
TJlacyBaHe | T.H. IOKa3BarT, 4e TIIaCyBaHETO C XapTHEHH OIOJCTHHH €
OBJIAJISH NIPOIIEC, IIPH KOWTO MOKE J]a Ce TIOJIyYH JKeJIaH pe3yJTar.

Bbrpoc Ha monmTHYecka BOJI € Ja ce pealH3Hpa CHUCTeMa 3a
rilacyBaHe ¢ OHOMETpMYHA WACHTHU(HKAIUs, KOSITO TapaHTHpa
BHCOKa CTENEH Ha CUTYPHOCT M YECTHOCT Ha M300pHMS HpoleC H
U300pHUTE PE3yATATH.

7. bnazooapnocmu

[TyGnukanusaTa € BbB BpPb3Ka pe3ylTaTH OT paboraTa HU IO
Ipoekt Ne 80-10-154 /17.4.2024 r.
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The Role of Consumer Feedback in Driving Innovation
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Abstract: This article focuses on the important role that consumer feedback plays in fostering innovation in business. It discusses the
importance of listening to and understanding consumer views and preferences when developing new products and services. The article
clearly analyses ways to effectively gather and interpret consumer feedback to improve the innovation process and ensure the success of new
initiatives. It also discusses the challenges that can arise in processing and interpreting feedback. The article also highlights the benefits of
actively involving consumers in the innovation process, including creating loyal customers, satisfied customers, improving competitiveness
and minimizing the risk associated with new product launches. Based on a review of recent research and case studies, this article offers
insights and guidance for entrepreneurs and managers seeking to effectively integrate consumer feedback into their innovation processes.
Keywords: CO-DEVELOPMENT, CONSUMER FEEDBACK, CUSTOMER, INNOVATION, MANAGEMENT

1. Introduction

The concept of feedback is found in various areas of human life,
but its essence remains the same in every sphere — it provides the
system with important information. Feedback serves as a pivotal
instrument within behavioral data analysis, offering elucidation not
merely on operational occurrences within a business framework, but
also on the underlying rationales thereof. Without feedback, we
would perceive business processes only subjectively, which could
lead to erroneous and inaccurate decisions [1, 2]. Furthermore, it
can be delineated as a form of customer communication specifically
pertaining to a particular product or service offering. In the realm of
traditional marketing, customers were often seen as passive
consumers, merely purchasing and using products. Yet, a
contemporary viewpoint has emerged, positing customers as active
participants, contributing to the creation, development, and
production of the products they wish to purchase and use.
Innovation has evolved into a cyclical process involving interaction
between customers and producers [3].

2. Consumer feedback and its processing

Manufacturers are increasingly leveraging customer feedback as
a strategic tool to distinguish themselves within competitive
markets while concurrently aligning with industry benchmarks.
Following the introduction of novel product offerings, corporations’
endeavor to actively engage their consumer base, incentivizing
them to furnish invaluable perspectives, critiques, and suggestions
for enhancements [4]. The notion of feedback is inherently
intertwined with the construct of customer satisfaction. Milner and
Furnham [5] elucidate customer satisfaction as the degree to which
products and services align with the unique expectations of
individual clientele, thereby underscoring the symbiotic relationship
between feedback mechanisms and the attainment of consumer
contentment. Consumer feedback provides information about how
we are performing - whether we are meeting customer expectations
or, conversely, not even meeting basic standards. Drawing upon a
comprehensive review of extant literature, various methodologies
have emerged for soliciting essential insights from customers.
These methodologies include:

a.  Questionnaire surveys

Questionnaire surveys are one of the most common methods of
obtaining feedback. It is important to design the questionnaire
correctly and to create questions that will offer us the best possible
picture of our customers' opinions. If the questions have been asked
appropriately and the sample of customers has answered truthfully,
we will get an objective view of the product. Contemporary
business practices tend to favor online surveys over traditional
modes such as telephone or face-to-face interviews, reflecting the
evolving landscape of consumer engagement in the digital era. This
is mainly due to the lower cost or the independent time management
of the respondent's answer. Nevertheless, incomplete questionnaire
responses or ambiguous replies to open-ended queries may pose
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challenges, potentially undermining the efficacy of the feedback
mechanism [2, 6].

b.  In-depth interviews

In-depth interviews are inductive in nature and arise from
individual processes. Their goal is to define a category based on the
data obtained and then analyze the relationships between the created
categories. We use it if we want to find out from the customer his
more detailed opinion on the given product, either independently or
in connection with questionnaire surveys. It is important to properly
manage the interviews and ask questions relevant to the
characteristics of the respondent and their proper adaptation [2, 7].

c.  Group discussions

Group discussions represent a prevalent qualitative research
approach due to their cost-effectiveness and provide valuable
insight into the opinion of the target group. Typically facilitated by
the sponsoring company, these sessions convene a cohort of
approximately eight to ten participants, comprising both internal
personnel and external experts, for in-depth deliberations on the
company's offerings. Such discussions extend over several hours,
affording ample opportunity for comprehensive exploration of
pertinent product and service-related matters. According to Isson
and Harriott [2], the advantage of these sessions is the possibility of
direct communication between the company and the target group.
On the other hand, it is necessary to be careful with group
discussions, because they do not always go in the desired direction,
or a small sample that does not provide sufficient objectivity can
also be portrayed as a disadvantage [7].

d.  First-line feedback from employees

Employees are one of the main sources of information. Not only
do they obtain information about customers, where they find out
what they liked or disliked, but on the other hand they also act as a
subject who can independently spot possible necessary changes in
certain processes or products. They can either improve individual
organizational processes and innovate products and services
themselves, or they can pass on useful and valuable information to
competent places. In this case, it is very important to reserve space
and allow the right way for employees to express themselves, as it
is the lack of an open corporate policy within the company that can
act as a problem [8].

e. Direct interaction with the customer

It is directly related to the previously mentioned method and
thus can be a valuable source of information. It furnishes invaluable
perspectives on organizational strengths and weaknesses,
encapsulating both commendations and grievances. However, the
views collected need to be recorded and categorized, and consumer
attitudes need to be analyzed on a regular Without regular analysis,
it loses its meaning [2].
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f. Social media

With the invention of the internet, the digitization of
information has made it easier to collect data. It has enabled the
capture of word of mouth and more open communication about
products, not least because of its potential anonymity. Moreover,
this way of gathering information is not only affordable but also
systematic and represents access to a large number of customers.
However, the disadvantage of feedback via social media is the
public sharing of individual opinions, which can be seen by the
general public and that can be an influence factor. It is also
important to properly separate relevant opinions from irrelevant or
false or misleading ones. Moreover, this method can be time-
consuming, given the quantity of users on social networks, and in
many cases thorough selection is necessary [9].

3. Integrating consumer feedback into innovation
processes

Utilizing consumer feedback is paramount in comprehending
customer needs and preferences. Proactively soliciting and
attentively heeding customer input empowers businesses to glean
invaluable insights, which in turn can steer and refine their product
innovation endeavors. Through consumer feedback, companies can
pinpoint deficiencies in their offerings, grasp customer pain points,
and unearth novel ways for enhancement.

Involvement of consumers can be delineated into two primary
categories: consumer involvement as a source of information and
consumer involvement as a co-developer. In contrast to the
conventional approach of including consumers solely as
information providers in new product development, engaging them
as co-developers offers manifold advantages but also poses
substantial challenges. Companies engage consumers in new
product development to address their needs effectively and facilitate
market entry. Consumer involvement in co-development facilitates
the integration of fresh concepts, knowledge, and insights into their
requirements. The exchange of information between consumers and
companies represents a fundamental aspect of co-development [10,
11].

The consumer serves as a valuable resource, supplying
information crucial for generating product development ideas. This
role can manifest in several forms, including validating designs,
prioritizing product features, and specifying product requirements.
It is important to state that the development team need to work in
alliance with marketing, technical and manufacturing expert in the
company throughout the development process [11].

One frequently cited benefit is the enhancement of product
quality, as consumer involvement tends to exert a positive influence
on product refinement. Involving consumers in the process of
developing new products fosters greater innovativeness.
Nevertheless, certain studies have identified impediments that
hinder companies from fully leveraging consumer engagement in
new product development; these include the risk of information
overload and the intricacies associated with managing new product
initiatives [12, 13].

Co-development is also very neatly tied with consumer
satisfaction. Findings show, that engaging in co-development
enables the company to create a novel product tailored to meet the
customer's requirements, consequently enhancing their satisfaction
levels. As a result, customer satisfaction emerges as an outcome of
this collaborative process [14]. Vazquez [15] elucidated that active
consumer participation in the value creation process significantly
enhances consumer satisfaction, potentially reducing time to market
for products. This dynamic confers a competitive edge upon
companies and augments product performance. Furthermore, in co-
development, additional value or features are integrated into the
product [16, 17].

Based on theoretical insights and empirical evidence, we claim
that consumer involvement in new product development creates
mutual benefits for both consumers and companies. From the
company's standpoint, consumer engagement in the development
process facilitates deeper understanding of customer preferences

and market dynamics, leading to the creation of products aligned
with customer needs and expectations. Research indicates that
consumer involvement accelerates the company's new product
development process and mitigates the risk of product failure,
consequently enhancing marketing effectiveness [15, 18].

Consumer involvement in the development process also serves
as a potent marketing strategy. Engaged consumers can narrate the
product's development journey to new or potential customers,
effectively promoting the product and expanding its market reach.
This word-of-mouth marketing can significantly influence purchase
decisions and enhance overall sales performance [18].

Undoubtedly, consumer co-development presents its share of
challenges, notably in the realm of integrating customer-provided
information seamlessly into the development process, which can
introduce complexity. From a theoretical view point, the abundance
of consumer data heightens the complexity of information
processing, potentially fostering miscommunication that could
influence the use of consumer information [11, 19 ].

In table 1 we summarize the positive and negative features of
using consumer co-development for innovation management, to
which we have referred in this chapter.

Table 1. Positive and negative features of using consumer co-development
for driving and managing innovation.

Positive features Negative features

Influence in product quality Information overload

Customer satisfaction Difficulty of information

processing

Reduction of the product time
to market

Increase of product
performance

Minimalization of sale and
service cost

Increase in buyer retention

Speed up product development
process

Reduction of the risk of
product failure

Word-of-mouth marketing

12

4. Implementation of consumer co-development

Theoretical insights suggest that effective new product
development hinges on adept leadership, relationship management,
and communication. Cultivating strong consumer relationships
necessitates skillful navigation of these elements, it is very
important to know how to manage the relationship through
leadership and communication [20].

Trust is another very important factor or element for a
successful relationship in a consumer involvement. Based on
empirical findings, trust emerges through transparent discussions
regarding  product development, sharing comprehensive
development insights, and granting customers access to the
company. Trust is further fostered by the exchange of knowledge
and technical expertise within development teams. In an
environment characterized by openness and honesty from both
company and consumer, mutual comfort is established, enabling the
free exchange of viewpoints and collaborative refinement of
concepts. Research indicates that trust is essential for successful
consumer relationship management, and in some cases, can be
cultivated through formal contracting. Consequently, trust assumes
paramount importance in fostering positive consumer relationships
throughout the co-development process [20, 21]. Establishing trust
is instrumental in cultivating customer loyalty. Aligning with these
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insights, integrating consumer relationships into the new product
development framework enables companies to mitigate sales and
service costs, thereby enhancing buyer retention [22].

Communication is another point that we consider as a key factor
used within a co-development. Communication is a major driver
during the product development process. Communicating a new
concept is a major starting point for customer involvement in new
product development. There is efficacy of communication through
visual aids, examples, and best practices, illustrating the potential
inherent in novel ideas, technologies, and products. Communication
between the consumer and the company must be two ways.
Effective management of the development process necessitates the
establishment of an interactive dialogue among development teams,
comprising both company and consumer representatives. This
interactive dialogue facilitates improved communication and proper
sharing of information between the teams [23, 24].

Effective communication plays a pivotal role in strengthening
the bond between a company and its consumers. Conversely,
miscommunication represents a potential drawback that can
undermine this relationship, resulting in negative implications for
both parties involved. To avoid misunderstandings during the
development phase, it's advisable to clearly delineate specific
details, such as the anticipated outcome of the product development,
to the consumer. We advocate for utmost transparency from the
company throughout the development journey, aiming to mitigate
information imbalances as highlighted by VVon Hippel [26].

We found, that transparency is another important concept worth
considering. In simple expression, transparency means being open
and honest about the development process. Establishing trust and
fostering commitment from consumers are, again, integral aspects
of the new product development process, as underscored by both
theoretical frameworks and qualitative data. However, intentional
lack of transparency by the company, aimed at safeguarding certain
information, can potentially lead to project failure. Consumers
inherently appreciate being valued by companies, and failure to
convey this sentiment can detrimentally impact the development
outcome, potentially signaling to consumers that their input is not
taken seriously [25].

In Fig. 1 we graphically represent the elements that create the
successful relationship and alliance between consumer and the
company in driving innovation, that we have presented in this
chapter.

Communication

Fig. 1 Elements creating alliance in driving innovation between
company and consumer.

5. Conclusion

Through a comprehensive examination of literature and
empirical data, we have shown the significant influence of
consumer involvement on the new product development process.
Consumer involvement in new product development entails a
collaborative partnership between the company and the consumer,
aimed at jointly resolving challenges to generate innovative product
solutions.

Based on both theoretical frameworks and empirical evidence,
involving consumers in the new product development process
creates superior value compared to traditional approaches. This
customer-centric approach is increasingly adopted across various
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industries, fostering creativity and generating impactful ideas that
enhance product value. Moreover, consumer involvement fosters
satisfaction by ensuring products are purposefully designed to meet
customer needs. Ultimately, this collaborative process cultivates
sustainable customer relationships by attentively addressing
customer requirements and preferences.

Addressing customer needs and ensuring customer satisfaction
are crucial for a company's long-term viability. Economically,
involving consumers in product development lowers development
costs while simultaneously enhancing customer satisfaction. This
approach accelerates time-to-market and reduces the risk of product
failure. From an economic sustainability perspective, collaborative
product development proves more profitable than solitary
development endeavors.

Customer relationships and satisfaction are paramount
considerations in the co-development process, particularly given its
inherent uncertainties. It is imperative for managers to clearly
clarify the co-development plan—including roles, duration, and
expectations—to involved consumers prior to start of co-
development  process.  Additionally,  fostering regular
communication and providing feedback strengthens the manager-
customer relationship and keeps customers informed. Ensuring that
customers possess a robust level of trust and commitment is
essential for successful project execution. Co-development
necessitates diverse expertise to identify potential needs and glean
insights from consumer experiences, behaviors, and preferences.
Consequently, managers should assemble multidisciplinary teams
encompassing backgrounds in engineering, marketing, finance,
behavioral science, among others.

By obtaining feedback from consumers, we are able to build a
comprehensive picture of the products and services we offer. But
the important step is to process this feedback, i.e. to make the
economic decisions of the business important enough and bring
about the improvements and innovations that consumers demand.
Theoretical and empirical evidence underscores the necessity for
openness and flexibility in the new product development process,
facilitating mutual understanding between company and consumer
teams. Effective integration and implementation of novel insights
are imperative for refining the overall product solution.
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Abstract: Current materials science and materials engineering focus on the development of innovative advanced materials. According to
Organisation for Economic Co-operation and Development (OECD) advanced materials are intentionally designed and engineered
materials to have new or enhanced properties, and/or targeted or enhanced structural features to achieve specific or improved functional
performance. Advanced materials include both high and low tech materials. Innovative materials are previously known classic materials
used in new applications that have commercial potential. Published in February 2022, the Materials 2030 Manifesto calls for the creation of
“a strong European Materials ecosystem to drive the green and digital transitions alongside a sustainable inclusive European society
through systemic collaboration between upstream developers, downstream users, and citizens and all stakeholders in between.” The problem
of lack of access to new (functional, circular) advanced materials urgently needs to be solved due to the following risks of not delivering on
Green Deal and Digital Agenda, loss innovation markets, loss of jobs, relying on polluting and hazardous materials, as well as future
geopolitical dependency. The activities undertaken by the Advance Materials Initiative (AMI12030), established in June 2022, led to the
development of the Materials 2030 Roadmap and the Strategic Materials Agenda. These documents set European development trends in
innovative advanced materials area.

Keywords: ADVANCED MATERIALS, INNOVATIONS, AMI2030, TWIN TRANSITION, MATERIALS DEVELOPMENT TRENDS

1. Introduction expe_ct_ed to resu_lt_in new or improveql solutions, but create_d by
' acquiring, combining, shaping and using the currently available
Currently, over 100 thousand different engineering materials are ~ knowledge. The completion of development work immediately
known and used in the world. From the time of Henry Ford, who in precedes the implementation of newly developed products or
1914 proclaimed: ,,A customer can have a car painted any color he processes into business practice. However, only 4% of all original
wants as long as it's black” the relationship between the ideas reach the prototype stage, of which only one in three is
manufacturer and the customer has changed dramatically.  commercialized (Fig. 2).
Currently, the manufacturer, wishing to meet both global and local
competition, is a subsidiary that manufactures materials and
products made from them, in accordance with the requirements and SLITELCIEEID | (bt S e

Pillars Technology Readiness Level Type of research works

needs specified by the customer. The priority of modern material :_r:d”:":"d . ‘:”Ih:i oo

technologies and manufacturing processes is the production of e of the Tl o of rechnoloms complered  EXPETImeNtal
Materials on Demand (MOD), and more and more often also mass o development works
customization, i.e. tailoring products to the individual needs of the TR

customer on a mass scale. Over the course of their history, materials Level 6. Demonstration in conditions

engineering and materials science have developed their own similar to real conditions

paradigm [1], expressed by the 6E rule. The materials engineering Level 5. Verified in environment close to

paradigm says that the expected by the customer utility functions of real environment Industrial research
the products will be ensured if the expected engineering material is Pillar 1. Technological  Level 4. Verified in laboratory conditions

used for their production, processed with the use of the expected research Level 3. Confirmed analytically and

technology, in order to obtain the expected shape of the final il

product with the expected structure as well as expected mechanical YT TR B CAEE B CHE B

and functional properties_ Basic research Level 1. Basic principles of the given Basic research

phenomenon have been observed

The economy based on knowledge and innovation, which has
been developing in the European Union for over a decade, has been
strengthened over the past few years by the European Green Deal
[2] and the Digital Decade [3], which are to ensure a twin transition
— green and digital. One of Europe's long-term strategic priorities is 75
to maximise innovation, which is a valuable innovation that 70
involves the introduction of new or significantly improved solutions
into business practice. It is essential that R&D&I must contribute to
meeting citizens' expectations for smart, safe and sustainable
materials and products that are fully in line with the principles of
the circular economy. In order to gain public support, broad
educational activities are necessary to provide reliable information,

35
as well as to dispel any doubts and controversies accompanying any 2
transformation. 1
0 &1
" =

2. Innovations vs advanced materials 0
Original  Feasibility Market Product Preliminary Prototype Commerciali-

According to the Technology Readiness Level (TRL) chart ideas acceptability cost designs sation
(Fig. 1), in chronological order, basic research (TRL 1) is carried STAGE
out first, which aims to meet the need for understanding. Basic  Fig. 2 stages leading from an original idea to commercialization [4]
research is used to acquire and disseminate new knowledge about
the foundations of phenomena and observable facts, but without Scientific research, and the innovations based on it, are of key
focusing on their direct practical application. Practical applications ~ importance, because in the long run, there are no new
are targeted at industrial research (TRL 2+6), aimed at acquiring implementations without applied research and the basic research
new knowledge in order to develop completely new or only that precedes it. The challenge in this area is to direct the stream of
significantly improved products or processes, and experimental resources that guarantee the expected progress to the most effective
development work (TRL 7+9). The development work is also fields of science and industries that bring the greatest added value.

Fig. 1 Technology readiness level (TRL) chart

Number of products
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The chain of this added value always starts with the materials,
without which it is impossible to produce any product and there is
no industry [5]. Thus, materials, especially advanced ones, are the
basis and source of prosperity of industrial society.

Advanced materials drive innovation, as ca. 70% of all technical
innovations can be directly or indirectly attributed to advances in
materials science [6]. Advances materials are understood as
intentionally designed and engineered materials to have new or
enhanced properties, and/or targeted or enhanced structural features
to achieve specific or improved functional performance [7].
Advanced materials include both new emerging materials from
innovative manufacturing processes, i.e.: high tech materials and
materials that are manufactured from traditional materials called
low tech materials. Progressive groups of materials are arranged in
the acronym NIEBO (which in Polish means sky), consists of the
following prefixes: nano, info, eco, bio and opti (Fig. 3). This
means that the current civilization challenges include, in turn,
nanotechnology, IT support in a very wide range, ecology with the
circular economy, biocompatibility and bioinertness of all products,
and optimization of the functional properties of products and related
economic outlays.

Fig. 3 Progressive groups of materials [8]

3. Materials 2030 Manifesto

Recent years have brought a new perspective indicating that
advanced materials will play a decisive role in the process of radical
transformational changes in the 21st century. Historically, Europe
has been the site of numerous inventions of groundbreaking
importance for humanity, but in recent decades the USA, Japan or
China have increasingly taken the lead in this area. Globally, the
European Union (EU) accounts for 15% of patents on advanced
materials, compared to 28% from the US and 24% from Japan [9].
A trend analysis shows that the number of patents granted in the EU
remains stable, while in China, the US and Japan it is increasing, is
even more worrying. In addition, the annual expenditure of the
European Union on R+D is over 40% higher than in Japan, which
generates 9% more inventions globally (Fig. 4).

Closer analysis shows that the EU is lagging behind in various
key industries, such as security, industrial biotechnology,
nanotechnology, robotics, artificial intelligence, micro- and
nanoelectronics, and big data. A comparison of key technologies,
based on data on the number of new technologies generated and
start-ups created and the skills of the workforce, is presented
graphically in the graph (Fig. 5).
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Fig. 4 Annual R&D expenditure in the world's leading countries. Data from
2020 (a); EU patents compared to the world's leading countries (b) [9]
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Fig. 5 Comparative analysis of key emerging technologies in the EU, the
US, China and Japan, including strategic industries [10]
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Advanced materials play a key role in all industries that need to
be strengthened. Therefore, it is their development, combined with
maintaining the current dominant position of the EU in the area of
advanced manufacturing, that will determine the future
competitiveness of the European economy on the global market.
Europe is now striving to create a globally unique ecosystem that
seamlessly synchronises discovery-based basic research with
application-oriented industrial research and development works and
synergistically connects it with industry, including small and
medium-sized enterprises (SMES).
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Fig. 6. Twin transition of European economy

This view was reflected in the Materials 2030 Manifesto [11]
announced on July 7, 2022, presenting the following vision: ,,A
strong European Materials ecosystem to drive the green and digital
transitions alongside a sustainable inclusive European society
through systemic collaboration between upstream developers,
downstream users, and citizens and all stakeholders in between.”
According to this Manifesto, the development of advanced
materials is based on four basic pillars, including: (i) Maintain
Europe's leadership in advanced manufacturing; (ii) Reducing the
environmental footprint through the use of advanced materials; (iii)
Ensuring Europe's strategic autonomy; (iv) Targeting markets for
innovation in advanced materials.

Meeting the growing demand for new materials and products
requires a twin transition — green and digital (Fig. 6). According to
the European Green Deal, the EU aims to achieve climate neutrality
by 2050, through the Fit for 55 package, which aims to reduce net
greenhouse gas emissions by 55% by 2030 [12]. The proposed
smart approach assumes the implementation of circular strategies,
which include responsible and ethical sourcing of raw materials,
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reducing the use of depleting critical raw materials and the
development of new production technologies. The success of the
double transition is to be ensured through the application of
advanced material solutions combined with pro-ecological
activities, including re-use,
re-purposing, dismantling, recycling and refining, as well as with
modern digital technologies, such as tracking & tracing or digital
twins. Strengthening the circular economy and responsible practices
can not only ensure that the harmful environmental impact of
materials is reduced, but also spur economic growth and reduce
local dependence on imported raw materials.

4. Advanced Materials Initiative 2030

In order to implement the assumptions of the Materials
Manifesto 2030, the European Advanced Materials Initiative 2030
(AMI12030) [13] was established, working for the benefit of the
planet, people and prosperity, which is referred to as the 3Ps for
short.
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Fig. 8 Materials Innovative Markets (MIMs)

The aim of this initiative is to call for new forms of cooperation
to overcome the current fragmentation of the European R&D sector.
The advanced materials value chain is made up of researchers,
developers, manufacturers, and B2B and B2C end-users, and is also
influenced by EU policymakers distributing funds. A holistic view
of materials that are used simultaneously in different industries
fosters synergy effects. Advanced materials have many cross-
sectional features in common, which occur regardless of the
markets served and the represented industrial sectors, and the
resulting essence of the new view, called overflow, is based on
"flowing" advanced materials from the industries in which they
have proven themselves to other sectors of the economy. The
common cross-cutting features of materials relate to the circular
economy, zero pollution, contribution to the climate and
traceability, understood as the ability to determine the source of raw
materials and trace the next links in the value chain.

The effects of the AMI2030 work carried out in 2022-2024
include as following (Fig. 7): Materials 2030 Roadmap, Strategic
Materials Agenda, Critical technology areas for the EU’s economic
security, Advanced Materials for Industrial Leadership and
Innovative Advanced Materials for Europe IAM4EU. The Materials
2030 Roadmap [14], which juxtaposes advanced materials and
technologies and cross-cutting R&D challenges with their relevance
to nine Materials Innovation Markets (MIMs), which include:
healthcare, construction, new energies, transport, home & personal
care, packing, agriculture, textiles, electronics (Fig. 8). According to
the adopted concept, the digitization of materials development is a
major opportunity to accelerate all aspects of materials design and
development, and reliable and easy access to data is to be the key to
success. It is also necessary to increase the scalability of new
materials by facilitating their spread to other markets and
applications through process optimization, decarbonization, mass
customization, zero defect production, improved multi-material
manufacturing and new manufacturing technologies.

5. Conclusions

According to the European Commission's Communication on
Advanced Materials for Industrial Leadership [15], published on 27
February 2024, advanced materials are an important factor in the
competitiveness of European industry and are crucial for the EU's
stable position and strategic autonomy. Advanced materials are
explicitly listed in the list of 10 technological areas of critical
importance for the economic security of the European Union [16].
Advanced Materials offers a wealth of solutions to successfully
implement the twin green and digital transition. They drive
innovation in new clean energy technologies, can replace certain
critical raw materials and hazardous substances, improve the
environmental performance of products and processes, and facilitate
circularity. These materials also play a leading role in strategic
areas such as next-generation semiconductor manufacturing,
aerospace, space development and defence, as well as in the
fertilisers, packaging, agri-food, pharmaceutical and medical
industries.

The announcement of the Materials 2030 Manifesto, the
development of the Materials 2030 Roadmap and the Strategic
Materials Agenda, as well as further activities carried out by the
AMI2030 group, currently bringing together, in addition to 870
independent experts, over 560 organizations, including both leading
international companies and SMEs, indicate the focus of the
attention of the World of Science and Industry on advanced
materials. The new overflow approach to materials, which reflects

ome &
personal care
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textiles
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agriculture electronics

the long-awaited recognition of their key role in Europe's economic
development, heralds rapidly approaching changes, supported by
large-scale financial support. Horizon Europe partnership
Innovative Materials for EU assumes in the years 2025-2027 co-
financing from public and private funds in the amount of at least
EUR 500 Million.
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Positioning a holistic approach for integration of renewable energy powered charging
stations into a nationwide electrical power distribution system
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Abstract: This paper explores various models of integrating independent Electric Vehicle Charging Stations (EVCSs) into Montenegro's
electricity distribution system (EDS) and energy market. It examines different possibilities by applying a multidisciplinary approach to the
EDS integration coupled with market frameworks to form a novel holistic perspective for participations and influences of various
stakeholders. The primary goal is to envisage and achieve a more efficient integration of different prosumers models that own and engage
independent EVCSs with photovoltaic systems into the EDS and transport infrastructure. This approach is aimed at reducing CO2 emissions,
promoting electromobility, engagement of citizens, and facilitating distributed renewable electricity generation at the point of consumption.
Through the analysis of each of the three identified prosumer models, we give specifics of the integration within the grid, solar energy

exploitation potentials, practical options for energy provisioning during and outside sunny periods etc.

Economic, legal, and technical

implications are integrated, and recommendations are provided using economic modelling and game theory formulations between the
relevant actors and within regulatory provisions to optimize electric mobility in Montenegro.
Keywords: SOLAR (PV), RENEWABLE ENERGY SOURCES (RES), ELECTRICAL VEHICLES (EV), ELECTRICAL VEHICLE CHARGING

STATION (EVCS), PROSUMERS, ECONOMIC MODELING

1. Introduction

Nowadays, the living world faces numerous challenges due to
reliance on conventional energy sources. Namely, the emission of
carbon dioxide, sulfur oxides, and nitrogen oxides caused by the
excessive use of fossil fuels is threatening and increasingly pointing
towards the complete degradation of the environment and living
world, including humans. Pollution emitted into the atmosphere
leads to the occurrence of acid rain and global warming. A true
breakthrough would be achieving economic and social development
without compromising short-term climate goals and contributing to
global efforts to achieve the long-term goal of limiting the
temperature increase to less than 2 °C[1], but preferably up to 1.5
°C

The integration of Renewable Energy Sources (RES) into the
electric power grid, with a particular emphasis on the distribution
grid, is highly relevant and desirable in order to mitigate the
negative impact of fossil fuel consumption. Nowadays, there are
numerous types of RES (e.g. solar, wind) and their installations
(e.g. wind or solar farms) with stimulating degrees of cost
efficiencies and shares of energy contributions in overall power
productions within a region or a distribution grid system.

Our project focuses the exploitation of RES for further
electrification of green transport in Montenegro as a whole, that is,
as an optional type of EVCSs across the country’s transport
infrastructure. This approach specifically refers to involvements of
independent and geographically distributed energy producers via
solar panels and their integrations in the transport network with
other EVCSs via novel models configurations discussed in this
paper. As part of our project, we have already conducted a
complementing study on optimal distributions of EVCSs across
Montenegro’s cities, roads and regions taking into considerations
various factors such as population and traffic densities, seasonal
upsurge in demand due to tourism, availability of electric grid
infrastructures etc. [2]. We highlight here that these energy
producers are mainly considered to be outside the energy
production system of conventional power companies, and generate
solar energy subject to its natural availability. They are considered
here as novel models of prosumers with charging of unowned EVs
as their extended capability. Therefore, this charging would be an
optional commercial activity for wider public EVs, not only for
personal use.

Opening up of the energy market and transport infrastructure to
nation-wide large scale involvement of independent prosumers-
based EVCSs, in addition to existing “typical” EVCSs, requires
diverse multidisciplinary investigation. Some of these include: a)
economic issues of divestiture of market power of the existing
power companies [3] across the green transport; b) legal and
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regulatory aspects of involvement of novel models of prosumers in
the energy system and markets; c) operational and engineering
implications of integrating novel prosumer models into the existing
energy system, this being the foundational topic of this paper.

Generally, prosumers are electricity consumers who produce
electricity from renewable sources, consume it, store it for future
needs, or distribute it further into the grid. As such they emerge as
an acceptable solution in the distribution grid with various incentive
for formulating different prosumer types [4]. We observe that there
are variations in definitions and perspectives of how prosumers and
associated configurations are defined. While some observe a
prosumer setup from an engineering point of view of the necessary
composition of operations and components [5], a view from
European Environment Agency (EEA) [6] includes individual
energy producers of, for example solar energy, but also citizen
collectives, public institutions, and communities. In fact, the EEA
emphasizes that prosumers’ activities are not their main commercial
activities. While we originate with the same view on the definition
of prosumers, the addition of the exclusive EVCS-to-EV charging
capability using renewable but variable solar energy, opens various
technical and exploitation models for prosumers on a one-to-one
energy exchange basis. Hence, in this paper, we apply the terms
with this flexibility of interpretations.

The paper’s sections are: Section Il describes incentives
for considering novel prosumer models; Section Il outlines some
prosumer models with charging capabilities; Section IV outlines an
essential economic model setup for integrations of the prosumers
into the energy market; Section V gives the concluding remarks.

2. Incentive for defining different prosumer models

The integration of prosumers into the electrical distribution grid
holds significant global importance. However, indiscriminate and
poorly planned intentions behind integrating such energy entities
can slow down and obstruct the processes of energy transition,
decarbonization, and electrification of transportation.

Namely, the aim of a prosumer is to produce electrical energy at
the point of consumption, thereby reducing losses (both financial
and technical), relieving the burden on transmission and distribution
lines, and contributing to the overall energy production mix of a
state (or system). However, if a prosumer or a cluster of prosumers
acts contrary to the design guidelines and agreed-upon principles, it
can cause harm to the power system. It thus degrades its role or,
worse, renders it entirely meaningless, where the prosumer becomes
"damaging" and represents a hindrance to the optimal functioning of
the power system.

On one hand, the technical and economic benefits of integrating
RES and prosumers within the electrical grid are evident, such as
relatively inexpensive electrical energy, low CO2 emissions, and
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lower operational costs. However, the integration of RES also
brings about a couple of challenges and problems regarding: power
system management, such as reduced system inertia and stability,
lower quality of electrical energy (manifesting as higher
harmonics), higher short-circuit currents, variability, and
unpredictability of weather conditions, and so forth [3].

In order to efficiently integrate prosumers into the electrical
distribution system (EDS), it is imperative to develop appropriate
models and analyze their impact to optimize production and
consumption while minimizing the negative effects that prosumers
may potentially cause.

The task of this paper is to analyze a specific type of prosumer,
namely EVCSs symbiosis with photovoltaic panels, and to find
suitable models and their configurations. In addition, we aim to
position a holistic multidisciplinary analysis of the operations and
functioning of such a prosumer type within the national power
distribution systems and in balance with all stakeholders affected by
it.

incentivized to achieve an equilibrium contributing to overall public
welfare.

3. Proposal of Three Prosumer Models (EVC + PV)

Under the concept of a prosumer, we consider EVCSs that
can produce/consume and, when existent, directly provide
renewable (solar) electrical energy to EV/(s) having other owners
with a direct commercial incentive and arrangement. EVCSs could
also feed some energy it produces back to the grid subject to its
overall consumption and circumstances. The profitability and
commercialization potential of these solar EVCSs are affected by
the variability in charging due to unpredictable occurrences and
volumes. Thus, they remain seen as prosumers within the flexible
boundaries of our definition but span many configuration options
and commercialization potentials as discussed in the following text.

We define three types of EVCSs prosumer models and
give detailed explanations in the consequent subsections:

This is to ultimately reveal most optimal energy pricing, power 1) Off-grid prosumer;
divestiture and regulatory boundaries where these players would be 2)  On-grid prosumer with virtual "storage” system;
3) On-grid prosumer without virtual "storage" system;
PV system 500kW output power
Slope 36 deg (optimum); Azimuth 0 deg (optimum) System loses 14%
P(kW)
Podgorica (BIG Fashion parking) 2020
Time/Date 15-Jan 15-Feb 15-Mar 15-Apr 14-May 15-May 15-Jun 15-Jul 15-Aug 15-Sep 15-Oct 15-Nov 15-Dec
4:00 7.25 0.62 34.88 11.95 0.60
5:00 74.86 48.26 13.17 118.03 9.69 61.70 25.36
6:00 29.35 66.89 187.32 14.19 23.32 201.77 49.15 148.67 121.56 13.74 9.20
7:00 88.00 143.63 25.09 283.06 67.06 71.21 269.33 248.93 221.61 136.07 19.95 74.33 81.12
8:00 172.48 224.32 15.63 346.16 225.04 59.34 321.24 307.19 281.59 227.96| 30.02 133.22 159.61
9:00 218.69 278.87 18.36 389.81 329.90 45.74 358.23 341.33 322.36 193.08 101.71 170.07 202.82
10:00 238.74 301.86 38.58 403.56 356.92 51.44 319.40 359.48 336.43 206.17 16.70 130.85 220.31
11:00 235.36 298.34/ 41.85 394.05 346.72 48.26 70.55 355.92 S35 238.84/ 16.31 169.68 207.53
12:00 200.27 266.06 174.57 364.02 91.83 54.79 48.56 335.87 314.06 245.79 13.61 80.75 174.42
13:00 145.22 208.43 180.03 307.80 43.45 89.60 290.08 N8 263.63 192.89 14.75 60.77 113.28
14.00 70.65 133.12 178.27 225.55 58.61 55.66 185.25 227.10] 127.55 120.91 4.99 1553 37.93
15:.00 1.51 40.81 84.74] 128.15 24.05 24.13 82.82 144.57 121.11 70.44] 0.66
16:00 10.38 36.34 14.37 6.13 74.05 72.44 47.73 10.97
17:00 2.36 0.20 9.31 20.00 7.25
18:00
19:00
20:00
Average power (kW) 171.18 192.48 75.85 261.72 135.03 45.23 194.94 226.99 214.80 208.89 25.75 105.55 113.10
Fig 1. Daily irradiance for the 15th of each month in 2020 (exception May 14th).
Date (month) ‘Janfm Feb-20 |Mar720 Apr-20 May-20 |Jun—20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Year(2020)
Energy (kWh) 27240.84 |30700.77 |48556.54 (60599.17 |71087.85 |76208.69 |81320.07 |73781.98 |56938 43741.93 |28810.57 |24306.84 |623293.3
|Average daily energy (kWh) 878.74 1096.46 1566.34 |2019.97 2293.16 |2540.29 2623.23 2380.06 |1897.93 [1411.03 |960.35 784.09 1704.30
Average hourly power (kW) 109.84 109.65  |142.39 168.33 191.10  |211.69 218,60 198,34 158,16 156.78 106.71 98.01 161,04
Astimated average working hours |8 10 11 12 12 12 12 12 12 9 9 8 10.58333

Fig 2. Presentation of average values of produced energy and output power per month in 2020(500kWp), along with the estimated effective operating time of
the prosumer per month.

3.1 Off-grid prosumer (EVC + PV)

The off-grid prosumer model consists of a photovoltaic system
that operates independently of the EDS and as a additional
specificity of this study, lacks a storage system or battery for excess
electrical energy. Specifically, the only consumers would be EVs
potentially connected to one of the outputs of a shared EVCSs.
Although this system has certain drawbacks compared to
conventional EVCSs, it still possesses significant advantages that
can enable it to compete fairly in the market and play a significant
role in the electrification of transportation and sustainable
management of the electrical power system. Because this system is
not connected to the electrical distribution system (EDS), it has no
negative impact on the system. Issues such as harmonic distortion,
variability, delivery of surplus electrical energy when electricity
prices are low in the market, and the need for additional quantities
of electrical energy are all avoided. The cost of powering vehicles
from such systems should typically be lower, as the electricity is
produced on-site and directly delivered to the electric vehicle user
without additional transmission or storage costs.
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For the purposes of this analysis, a public parking lot in front of
the BIG FASHION shopping center in Podgorica city
(42°26'14.8"N, 19°14'04.5"E) was considered. A canopy with 500
kWp photovoltaic (PV) panels was modeled on a portion of the
parking lot surface (~2600m2) and around 150 parking spaces, with
the panels oriented at a 10° inclination and -29° azimuth-southeast
using the K2 base software package. Simulation calculations were
performed using the PVGIS software tool, providing actual solar
irradiation data for the year 2020 on an hourly basis for each day of
that year. Due to the complexity and large amount of data obtained,
I'pemxa! M3T04HUKBT HA mpenpaTkara He e HamepeH. displays
actual data for the fifteenth day of each month in 2020, while data
for the month of May is also shown for the fourteenth day to
provide a more realistic representation. This accounts for the fact
that data from a single day may not necessarily reflect irradiation
throughout the entire month, and there may be significant deviations
from day to day.

Fig 2 presents average data for each month, as well as the total
forecasted electricity production per month, allowing for data
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averaging and displaying the average power and energy expected at
the output of the electric vehicle charging station.

The fundamental idea behind such a prosumer model is to
provide price incentives for EV users to utilize their time spent at
shopping malls, workplaces, and other locations where they plan to
stay for an extended period of time to charge their vehicle batteries
at slightly lower electricity prices, while simultaneously avoiding
burdening the electrical distribution system and harnessing the
cleanest source of electrical energy by simultaneously taking
electricity at the point of production.

Specifically, this type of prosumer would ideally have 20-50
connections (parking spaces with chargers) for electric vehicles,
with power evenly distributed based on the number of connected
vehicles and the currently available power. The operating hours of
such prosumers would be defined by weather conditions and the
month of the year, with an average of 10.5833 hours per day, as
shown in

Fig 2. During one working day, the average power that this
prosumer could deliver would be 161.04 kW throughout all working
hours, which is sufficient to charge approximately 37 average
electric vehicles (with a battery capacity of 77 kWh) bringing them
from 20% to 80% (in total ~46kWh) within one day, if the energy is
evenly distributed.

With appropriate software solutions, the ability to control
energy distribution, and a management system, this prosumer model

systems within the EDS. Implementing this prosumer model at
production sites such as large company parking lots, public
institutions,  shopping centers, and similar locations is
straightforward. With proper energy management, all negative
aspects of this model, particularly production variability and
spillage/loss of generated energy, could be overcome.

3.2 On-grid prosumer with “virtual”

(EVC+PV+grid storage)

Compared to the first model of charging stations for electric
vehicles, the second proposed model operates under a slightly
different system. In particular, this model is connected to the EDS,
which earns it the designation of a "on-grid" hybrid system.
However, that's not the only difference. This model has a
significantly lower installed capacity of photovoltaic modules than
the first model, which in this case is 100 kWp. The operating pattern
is designed so that the EDS of this type of charging station
guarantees a constant power of 20 kW in order to ensure users a
certain level of security and reliability in the power supply. During
the sunny hours and the generation of electricity by the photovoltaic
system, the charging speed of the vehicles as well as the amount of
energy delivered to the consumers would increase, as shown in (Fig
3). The data was obtained based on the PV Gis software package for
a 100 kWp output power photovoltaic system simulated at the

storage system

could provide the cheapest electricity for electric vehicle users following location (42°26'14.8"N, 19°14'04.5"E).

while significantly reducing the negative effects on the EDS that

could be caused by the mass integration of photovoltaic (PV)
Date (month) ]lan-lﬂ Feb-20 ]Mar-ZO Apr-20 May-20  |Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20  |Year(2020)
Energy (kWh) 8231.7 B8007.57 11248.32 |12589.18 13602.36 |14060.96 |15245.04 |14930.85 |12741.06 [11219.44 |8297.62 |7715 137889.1
Average daily energy (kWh) 265.54 285.98 362.85 419.64 438.79 468.70 491.78 481.64 424,70 361.92 276.59 248,87 377.25
Average hourly power (kW) 33.19 28.60 32.99 34.97 36.57 39.06 40.98 40.14 35.39 40.21 30.73 31.11 35.65
Astimated average working hours |8 10 11 12 12 12 12 12 12 9 9 8 10.58333

Fig 3. Presentation of average values of produced energy and output power per month in 2020(100kWp), along with the estimated effective operating time of
the prosumer per month.

The average daily energy produced by such a system without
predetermined system losses of 14% is 377.25 kWh, enough to
supply 8.2 electric vehicles with 46 kWh of electrical energy. From
the present analysis, it can be concluded that this type/model of
charging station/prosumer would have the capacity to provide 46
kWh of electrical energy (~300 km range) for about 8-9 electric
vehicles in one day. However, it can happen that the photovoltaic
system produce more energy than needed at certain times or when
no electric vehicles are connected. If that happens at that time, the
system has the capability to deliver the surplus electrical energy to
the electrical distribution system for its needs. In this way, the
electrical distribution system plays the role of a "virtual" energy
storage system, that enables the photovoltaic system to retrieve the
same energy when needed, namely when electric vehicles are
connected. This introduces a concept of "virtual" energy storage
with financial compensation for the electrical distribution system,
which in this model serves as a storage facility for surplus energy
and reclaims it when needed.

This provides for regulation of the maximum power supplied
and demanded in order to ensure the stability of the electrical
distribution system. This also allows for a legal regulation of the
billing for such activity. It is proposed that the operating hours of
such charging stations be linked to the operating hours of the
facility they are integrated with. In this way, the charging of electric
vehicles can take place within a certain period of time, e.g. from
08:00 to 23:00. This encourages consumers to draw electricity
during sunlight hours, minimizing the energy stored in virtual
energy storage and consequently reducing storage costs and the
burden on the electrical distribution system. Such a model would be
suitable for restaurants, hotels, supermarkets and similar
establishments with an parking area of around 500 m2.

3.3 On-grid hybrid prosumer with guaranteed power
(EVC+PV+ grid)
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The third model aims to provide safe and fast charging for
electric vehicles when users need it most. The output power of such
a charging station would be 100 kW at any time of the day. More
specifically, this type/model of prosumer has a constant supply or
guaranteed power from the electrical distribution grid of 100kW,
while the installed power of photovoltaic system would be a
maximum of 50kWp and anything less. The idea behind the third
model comes closest to conventional charging stations, especially
when drivers need them most, as these models significantly reduce
the anxiety and fear of potential electric vehicle drivers of getting
stranded on their journeys. This type of charging station is best
suited for locations such as gas stations, farms near highways and
freeways, and some locations along major roads where user
convenience and satisfaction are much more important than the cost
of charging the vehicle. Such a system requires a roof area of up to
250 square meters, which may consist of the roof area of the
building itself and a canopy for the cars, much like today's gas
stations. In this scenario, the energy generated by such a
photovoltaic system with a nominal output of 50 kWp has a lower
impact than the energy and power drawn from the electricity grid.
However, the energy from a photovoltaic system with an average
output of 17.83 kW can reduce the energy drawn from the grid
during sunny hours and thus help to reduce the financial costs of the
charging station. As can be seen in Fig 4, once the analysis is
completed, this system primarily relies on the support it receives
from the electricity distribution system to enable efficient, fast and
safe charging of electric vehicles, but it is also the heaviest burden
on the system itself, as its peak load is extremely high and the
variability factor changes rapidly. Therefore, the expected number
of such charging stations (within the boundaries of a country) is the
lowest compared to other models, and at the same time the smallest
number of parking spaces or connections for vehicles belongs to
this type of charging station. Nevertheless, this model/type of
charging station is extremely important at strategically vital
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locations to reduce the anxiety and uncertainty of drivers, especially

those who use electric vehicles for intercity/interstate travel.

Date (month) |Jan-20 Feb-20 |Mar-20 Apr-20 May-20  [Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Year{2020)
Energy (kWh) 4115.85 |4003.78 |5624.16 |6294.59 6810.18 |7030.48 7622.52 7465.43 |6370.53 |5605.73 |(4148.81 |3857.51 |[bBY953.57
Average daily energy (kWh) 132.77 142.99 181.42 209.82 219.68 234,35 245.89 240.82 212.35 180.96 138.29 124.44 188.65
Average hourly power (kW) 16.60 14.30 116.49 17.48 18.31 19.53 20.49 20.07 17.70 20.11 15.37 15,55 17.83
Astimated average working hours |8 10 11 12 12 12 12 12 12 9 9 8 10.58333

Fig 4. Presentation of average values of produced energy and output power per month in 2020(50kW), along with the estimated effective operating time of the
prosumer per month.

4. Economic Modeling Setup of Optimal Prosumer
models

Our study aims to establish both technical and multidisciplinary
foundations, including regulatory, economic, and operational
aspects, for integrating prosumer models into the energy system and
transport infrastructure. We can observe the market of EVCSs as a
novel space for emergences of various combinations of: markets
players, energy distribution, purchase models, and price creation
mechanisms. Given the favourable conditions in Montenegro for a
clean slate approach, we explore how prosumers can engage in the
electric transport market and expand their commercialization
potential beyond traditional tariff arrangements, such as feed-in
tariffs. From our three examples of solar EVCSs presented earlier it
can be deduced that the magnitude of energy productions can vary,
and so can the ambitions for commercialization, ranging from a
significant business venture to a modest supplementary source of
income. Such potentials and contributions can be sporadic if based
on a small and discontinuous production of solar energy, or they can
be continuous in combination with regular energy supplies.
Likewise, the numbers and distributions of these individually-
owned, solar EVCSs [2] can be such that they can present an
important element of the energy supply within the traffic
infrastructure.

From a regulatory or governmental perspective, these
prosumers can become significant players in the energy market.
This perspective calls for a reconsideration of electricity payment
models (e.g. Power Purchase Agreements) on a one-to-one retail-
level basis, as well as new energy price market dynamics and a
regulatory framework that can boost supply availability and expand
locations. Ultimately, citizens would benefit through increased
engagement of prosumers and enhanced public welfare.

To further explain the dynamics within the electric vehicle
charging station (EVCS) market, we employ a theoretical game
theory approach. This framework allows us to define the key
players, their strategies, and utility functions, facilitating a clearer
understanding of the strategic interactions and potential outcomes.
By analyzing these interactions, we can identify optimal strategies
and policies that promote the efficient integration of prosumer
models into Montenegro's energy system.

First, we consider the role of the State/Regulator. This player is
crucial in developing and enforcing regulations, promoting public
welfare, balancing energy prices, and ensuring system stability. The
State/Regulator's strategy involves determining optimal regulations
and incentives that maximize public welfare and system stability.
They must navigate the complexities of providing adequate
subsidies, setting fair tariffs, and ensuring a stable energy supply
while fostering an environment conducive to the growth of RES and
prosumer participation. The utility function for the State/Regulator
can be expressed as:

Us = aVVsuc + ﬁRreg + ysstab - TSgav

Where W, represents the welfare of society, R,., indicates the
effectiveness of regulatory policies, and S, reflects the stability
of the energy system, S,,,, cost of subsidies for installation of PVs
and subsidies for EV users. The coefficients a, 8, y, and t denote
the relative importance of each factor in the overall utility.

Second, we consider the Energy Company Montenegro (ECM)
and Electrical Distribution System (EDS)®. Their primary objectives

! Elektroprivreda Crne Gore AD and CEDIS in the Montenegrin system
respectivly

are to ensure grid stability and efficiency, manage energy supply
and demand, particularly during peak and off-peak hours, and
maintain profitability while balancing this with sustainable
development. ECM plays a crucial role in purchasing surplus
energy from prosumers and potentially "storing” energy from On-
Grid Charging Stations with Virtual Storage on the grid. This
storage mechanism allows ECM to utilize energy without
immediate costs, though they must later return equivalent energy to
the charging stations upon request.

ECM's strategy involves optimizing these interactions to
maximize their utility, which includes revenues from energy sales,
costs of purchasing surplus energy, and costs related to maintaining
grid stability. Additionally, EPCG's preference for On-Grid
Charging Stations with Virtual Storage over conventional charging
stations stems from the increased flexibility and potential cost
savings associated with the virtual storage model. This preference
aligns with their objective to integrate more prosumers into the grid,
enhancing overall system resilience and sustainability.

The utility function for ECM can be formulated as:

Uecm = yRenerg - ecbuy - SCstab + GPstrg

Where Re,.,q represents the revenue from energy sales, Cj,,
costs of buying the electricity from prosumers, Cy,, COStS
associated with maintaining grid stability, and P, captures the
premium from providing virtual storage services.

Third, we consider the On-Grid Charging Station with Virtual
Storage (PM2), as defined in the second proposed model. Their
primary objective is to maximize profits from providing EV
charging services. These stations offer a distinct advantage by
utilizing stored surplus energy, produced from renewable sources
like photovoltaic systems, to provide charging services at lower
costs. The marginal cost of this stored energy is effectively zero,
allowing PM2 to set their prices below the market value that
conventional on-grid charging stations incur as input costs.

The PM2 also incurs costs related to the installation and
maintenance of the photovoltaic systems. Additionally, they would
have to pay a premium for the virtual storage service provided by
EDS. Despite these costs, PM2 benefits from the added stability and
reliability that comes with virtual storage, allowing them to manage
energy supply more effectively and reduce fluctuations in charging
availability.

The strategy for PVS involves balancing these costs with the
revenue generated from EV charging services. Their utility function
can be formulated as follows:

Ume = r]Rcharge + ngov - kainst - 19Ccinst - /ICmaint
- (ppstrg + eBchstab

Where Reparge denotes the revenue from providing EV
charging services, Sz, government subsidies for installing
photovoltaic systems, Cp;,s installation costs of the photovoltaic
systems, 9C;,, installation costs of the charging infrastructure,
Crmaine Maintenance costs, and Py, premium paid for virtual
storage services, B.nq:qp OVerall benefit of stability and reliability
of charging that comes with virtual storage. By strategically setting
their prices and managing their costs, PVS can attract more
customers, maximize their profits, and contribute to a more stable
and sustainable energy system.

Fourth, we consider the Conventional On-Grid Charging Station
(OCS). Similar to the On-Grid Charging Station with Virtual
Storage, OCS benefits from a stable supply of electricity due to its
connection to the grid. However, unlike PM2, the OCS does not

22



Innovations 2024

produce its own energy and therefore incurs higher costs for
purchasing electricity at market value. This reliance on external
energy sources means that OCS typically has higher operational
costs compared to PVS. OCS can offset these higher costs by
setting higher prices for their fast-charging services, catering to EV
owners who prioritize speed and convenience. Although OCS
avoids the premium costs associated with virtual storage, they still
face installation and maintenance expenses for their charging
infrastructure. Furthermore, the high-power demand of fast chargers
can negatively impact grid stability, increasing the overall costs
associated with grid management for EDS.

The primary goal for OCS is profit maximization. To achieve
this, they strategically set their prices to balance the higher cost of
electricity with the revenue from fast charging services. Their utility
function can be formulated as follows:

Uocs = URcharge + (’-)Sgov - aninst - Trcmaint - ﬁsstab

Where Rcjqrge represents the revenue from providing fast
charging services, S, government subsidies for installing
photovoltaic systems, Cp,s installation costs of the charging
infrastructure, C,,q:ne Maintenance costs, Sy, and costs related to
the impact on grid stability.

Lastly, we consider the EV Owners. Their primary objectives
are to minimize charging costs, ensure the availability of charging
stations, and reduce range anxiety. EV Owners are faced with the
decision of choosing between different types of charging stations,
which offer varying trade-offs between cost and charging speed.
While some EV Owners may prioritize lower costs and opt for
slower charging at On-Grid Charging Stations with Virtual Storage
(PVS), others may prioritize speed and convenience, opting for
faster charging at Conventional On-Grid Charging Stations (OCS)
despite higher costs.

The EV Owners' strategy involves balancing these factors to
optimize their overall utility. Their utility function can be
formulated as follows:

For the PVS, although they bear the cost of virtual storage, Pg.g,
this cost is offset by the benefits of increased stability and
reliability, Sg.q, Which enhance their operational efficiency and
attractiveness to customers.

This structured analysis highlights the importance of
coordinated policies and practices in achieving optimal outcomes
for integrating prosumer models into the energy system. By
identifying Nash Equilibria and Pareto Optimal outcomes,
policymakers can design strategies that promote cooperation and
maximize public welfare.

Conclusion

This paper presents a study of possible operational types of
charging stations fully or partly powered by RES and being
positioned for integration into the EDS and energy market of
Montenegro. The charging stations’ autonomous ownerships
formulate them are prosumers. As such they pose various technical,
economic, regulatory challenges in becoming parts of the energy
system, transport infrastructure, and energy market within the
country. The three proposed prosumer models currently would not
have a decisive effect on the successful -electrification of
transportation. However, if conventional sources of electricity are
gradually replaced with alternative "green" production capacities,
there is an immediate need to plan and define new energy
generation models, engage citizens, and enforce new economic
models for their integration. Then, combinations of these three
prosumer models in the correct proportion can relieve the EDS,
reduce the highly financially demanding investments in the EDS,
and provide enough electricity for all EV's. We will further look into
how prosumer model selection is incentivized by price, thus
enabling successful redistribution and precise management of
energy and power.
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Uev = .uBchuice - VCcharge - ERanxiety + TSgov

Where B.j,ice denotes the benefit derived from having multiple
charging options, Ccparge COst of charging, which varies based on
the type of charging station chosen, Rgnxery range anxiety and
Sgov government subsidies EV driver receive for purchasing of
EVs, which is influenced by the vicinity of charging stations.

By modelling the cooperation and non-cooperation between the
State/Regulator and EPCG, we can analyze the effects on the
utilities of PV'S, OCS, and EV Owners. This approach demonstrates
how cooperative behavior can lead to improved outcomes for all
stakeholders by enhancing stability, reducing costs to EV drivers,
and increasing overall welfare.

In the cooperative scenario (CC), the State/Regulator provides
subsidies, EPCG purchases surplus energy from regular prosumers,
and provides virtual storage. Although the State/Regulator incurs a
cost represented by S,.,, this cost is justified because tS;4,<
aW,,., indicating that the welfare gain for society outweighs the
cost of subsidies.

For the PVS, the installation cost Cp,, is effectively reduced
by the subsidy S,,,,, making it more competitive in the market. This
reduction in initial costs allows PVS to offer lower prices for
charging, attracting more customers. Additionally, EV owners
benefit from reduced costs when purchasing vehicles, thanks to the
subsidy 754, and they also enjoy lower prices for charging from
PV'S while still having the option of fast charging from OCS.

When EPCG cooperates, they incur the cost of purchasing
surplus energy, Cy,, but this cost is mitigated by the premium
Pstrg, they receive for providing virtual storage. Furthermore, the
overall benefit of improved grid stability, C,;;, , adds to their utility,
making cooperation advantageous.
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Abstract: Digital marketing is currently a key pillar for the success of businesses in an environment of constant changes in online channels.
Within this dynamic environment, it is imperative to continually review and analyse the effectiveness of digital content distribution channels.
This article aims to systematically review the theoretical background in digital marketing with an emphasis on digital content distribution
channels. In order to provide a holistic assessment of the performance of these channels, the thesis combines a critical perspective on
existing theoretical framework models with an analysis of current digital marketing trends and practices. The proposed theoretical
frameworks provide a basis for further developments in the field of digital marketing. It concluded by further discussing the implications of
the findings for marketing managers and proposing recommendations for optimizing the use of digital content distribution channels in order
to achieve maximum success in the online environment.
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communicate. Often it also includes the possibility to create groups
according to the same interests [13].

Nowadays, the Internet has seamlessly integrated into our According to Statista, the most used social networks include
everyday lives, evolving into an indispensable component of Facebook, YouTube WhatsApp, and Instagram [14].
modern society. We inhabit an era where reliance on the online
realm is pervasive, with digital marketing emerging as a cornerstone 4. Survey results
for business triumph [1]. This form of marketing stands as one of
the most potent avenues for engaging existing clientele and enticing
prospective customers through the vast expanse of the internet. This
prominence underscores the contemporary significance of digital
marketing, which has surged ahead, outpacing traditional marketing
methods in both efficacy and competitiveness [2, 3].

The landscape of digital commerce is intricately interwoven
with the dynamics of distribution channels on the Internet. In recent
years, we've borne witness to the swift evolution of Internet
technologies alongside shifts in consumer preferences. These
transformative forces have precipitated the emergence of novel
distribution channels, reshaping the digital commerce landscape. As
such, staying attuned to these burgeoning avenues is imperative for
businesses seeking to navigate the ever-changing currents of the
online marketplace effectively [4].

1. Introduction

In the practical part of the article, the possibilities of content
dissemination on the Internet and their impact on the readability of
articles were investigated. The main aim of the research was to find
out what impact the different platforms have on the readability of
articles on the website www.aktuality.sk [15].

As shown in Table 1, the survey was conducted from 07
February 2023 to 01 March 2023. During this period, data
collection, and hence selection of articles based on being found on
certain social networks, took place. Initially, articles found
exclusively on the website were selected. This means that they are
not shared on other social networks (5 articles). Gradually, we
searched for articles that are distributed on the website and
Facebook (12 articles). Other articles were distributed on social
networks such as Instagram and Instagram Bio. These articles are in
terms of fulfilling the objective.

2. Internet shop 100000

The primary purpose of the Internet was to serve the academic 90000 e
community for research purposes. It was not until 1991 that the _
government in the United States of America decided to use the 80000
Internet for business purposes, and it has grown rapidly in just a few 70000
years [5]. An online store or e-shop sells products or services . 60451
online. The aim is not only to showcase the products but also to sell E 60000
them [6]. Shopping through online stores is very widespread in the -E 50000
world and in recent years, because of the COVID 19 pandemic, its b= -
function has grown considerably. Slovakia is a very important g 40000 T
player in this area [7, 8]. e 30000 20593

The CEO of the website Heureka.sk, Tomas Braverman, claims e 20295 =
that Slovakia, due to the size of the population, is a very strong 20000 15906 13355
market for e-commerce. Therefore, diversification of goods and 10000 2 780 w;: s | ][ll:\) . Rl
services in the online environment is existentially important for t6ss 138 aos1] fisosy | f1924)i0us | o 13 |:zm
businesses [9]. Janouch argues that one of the main reasons why 0 -t T 2 LT
customers come to brick-and-mortar stores is because they have 1 3 5 7 9 111315171921 23 252729
previously found their products or services online [10]. Article

3. Social media

The next type of website is social media. Almost everyone is —
registered on at least one of the many social networks that the Flg 1 Overwew of the readability of the articles on the website "7
Internet offers or has at least heard of them. These websites also
have a great advantage in areas such as marketing. Social networks

have a high potential, for example in discovering new opportunities, Through Figure 1, an increasing trend in readership has been
establishing business partnerships and new contacts or getting  revealed, but with increasing numbers, and therefore readership,
feedback from customers [11, 12]. come other opportunities for the dissemination of content on the

Social networking can be characterized as a service that allows  Internet. Articles 1-5 are articles that are found exclusively on the

you to connect with other people with similar interests and  website and are not disseminated on other distribution channels.
backgrounds. It usually includes a profile and diverse ways to  Based on the data collected, the average readership of articles found
on the website is 13,941.3.
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Fig. 2 Overview of the readability of the articles on Facebook

Based on the data in Figure 2, we found that although the
readership of articles found on the website and Facebook increased
compared to the previous ones (found only on the website), it still
has lower numbers than articles distributed on other social networks
as well. These are mainly articles 6-17, found exclusively on the
website and Facebook. The average readership of articles on
Facebook is 17,148.1.

Table 1. Average readability values of individual distribution channels
Distribution channel Average readability
Website 13941,3
Facebook 17 148,1

Recommendations for aktuality.sk

Based on the analysis of Aktuality.sk and the research
conducted for this thesis, we have concluded that although the
selected company is taking steps to increase the success rate of its
articles, it may share more content related to specific articles with a
hyperlink within certain distribution channels (namely Instagram).

Based on the analysis and original research conducted, we make
recommendations aimed at improving the distribution of articles on
each distribution channel.

5. Conclusion
Recommendations focused on the website

Article sharing on the website, all articles produced by
Aktuality.sk are on the main website from which we have drawn
data dealing with the readability of individual articles. In terms of
the distribution of articles on the website, we do not find any
specific ideas that could help to increase its traffic and subsequent
readership. specific ideas that could help to increase its traffic and
subsequent readership.

Recommendations focused on Facebook

Facebook still ranks first in terms of popularity among social
networks in Slovakia. For this reason, the Facebook profile of
aktuality contributes largely to the traffic and readership, as the
posts contain a direct link to the specific article on the main
website.

As in reality, in our conducted research in Figure 2 we can see
that Aktuality.sk adds a high percentage of articles from the website
to their Facebook profile. However, there are several reasons why
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blogs should not share almost all articles on Facebook. These
include, for example, redundancy, which can be annoying and
people start to ignore the content. Other reasons include loss of
credibility, for example, which raises questions about the quality of
the content on the blog or accusations of spamming. For these
reasons, it is important to share only the most interesting articles
and not overwhelm readers.

Based on the average readership shown in Table 1, that is, the
average readership of articles shared on Facebook is lower
compared to the average readership of articles shared on Instagram,
we recommend that the News portal reduce the number of times it
adds articles to its Facebook profile.
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Abstract: The Program for International Student Assessment (PISA) assesses the key knowledge and skills that adolescents need for their
future success in modern society. Until now, however, little is known about the relationship between the results shown in the International
Student Assessment (PISA) and the school performance of the students in the schools covered by the study. The results achieved by Bulgarian
students in a program for international assessment of students developed by the Organization for Economic Cooperation and Development
(OECD) were obtained as a result of solving entirely logical, practical tasks that are universal and show the extent to which the logical
thinking of the students is developed. Since thinking is a universally valid indicator against which students around the world can be
compared, PISA's main task is to understand what the quality of education is like in different countries. The findings of our research
contribute to the analysis of existing educational inequalities and provide valuable opportunities for the formulation of proactive strategies
to address this issue.
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authors of this study look for an explanation for this performance in
several directions: (1) The 15-year-olds who participated in PISA in
The quality of education significantly impacts the social Vietnam are not a representative sample of 15-year-olds in
mobility and personal welfare of citizens and is directly linked with ~ Vietnam; (2) the level of inclusion of 15-year-olds in school
a number of indicators about quality of life, such as improved education in Vietnam is much lower than in other countries
health, longevity, successful parenting and active civic engagement,  participating in PISA; (3) Vietnamese students are more motivated
[1]. Ever since its establishment in the year 2000, the OECD’s and put a lot more effort into their participation in the international
Programme for International Student Assessment (PISA) defines  PISA assessment than students from the majority of other countries;
fostering equality in education as its main priority. Over the past or (4) Vietnamese schools apply a targeted educational approach in
two decades, the open datasets of the results from the international order to increase their students’ results in PISA. According to the
student assessment (PISA) published by OECD have established authors, the open datasets from the PISA assessment explain to a
themselves as a main source of objective data about the quality of ~ very small degree (around 30% ) how Vietnamese students have
education in the different countries participating in this assessment.  surpassed those in other countries, [11].
[2], [3], [4]. Analyzing educational inequalities based on the open
datasets from the results of the international student assessment
(PISA) is a topic that has earned a firm place in research literature.
[5], [6], [7]- A very good up-to-date literature analysis of this
impressive collection of research papers is presented in [8]. The Research question 1: How does the accumulation of digital
authors of the referenced literature analysis focus on four main capital in schools vary in the countries participating in PISA 2018?
topics: (1) Equality of opportunities, (2) Equality of results, (3) How is digital capital accumulated differently in schools and by
Segregation and (4) Sustainability. Based on the fact that one of the teachers and students in the different countries?
main issues which countries face is bridging the gap in educational
achievements [9], they conclude that 20 vyears after the
establishment of PISA, the participating countries, with some rare
exceptions, have not managed to significantly improve the situation

with regards to educational inequalities. Research question 3: Are there any links between the different
By using the open datasets published by OECD for PISA 2018 dimepsions of digital capital when it comes to improving student
Xi Wu, Yanan Zhang apply a hierarchical linear modeling in order ~ l€arning?

characteristics on the educational results of students in six countries. development in the field of information and communication

technologies (ICT) leads to the integration of these technologies in
schools or to the improvement of the digital skills of teachers and

1. Introduction

An interesting point of view regarding the factors influencing
the achievement of high results in the 2018 PISA assessment is
presented in [12]. Its authors study the following research questions:

Research question 2: How are the differences in the
accumulation of digital capital related to the differences in students’
achievements in the individual countries?

Having researched the factors which contribute to the global
competency of students, their analysis finds that the gender of . . : .
students, their self-efficiency and fear of failure, their economic, ~ their students that are applicable in the learning process. The
cultural and social status, as well as the intercultural attitudes of ~ development and improvement of the software infrastructure at
teachers, have a significant impact on the results from the schools is positively related to students’ achleve_m_ents, t_)ut thls_ is
international student assessment PISA 2018 in Chile, Korea, not true for the ICT hardware at schools. The digital skills which

Croatia, Hong Kong, Malta and Panama. Substantial regional students app_ly in _the learning process h,_slve a §ignifica_nt_ posit!ve
differences between the countries included in the study were effect on their achievements. When combined with the digital skills

established with regards to the effect of various factors on the  aPPlied by teachers in the learning process, the digital competency

results from the PISA 2018 assessment of students. [10]. of students is even better linked to their academic performance.
An up-to-date publication from Vietnam serves as a 2. Research background.
confirmation of the significant regional differences established in a ] .
number of other studies with regards to the effect of various factors The results from various standardized exams and tests are a

on the results from the PISA assessment. Despite being the poorest ~ broadly applied assessment tool for both the knowledge and skills
or the second poorest participant, Vietnam surpasses all other ~ Of students, but also for the assessment of the quality of the
developing countries and wealthier countries in the 2012, 2015 and ~ educational process and the efficacy of teachers, schools and even
2018 PISA marks. Vietnam’s strong performance in the 2012, 2015 Of entire national educational systems. Examples in this respect are
and 2018 PISA assessments raises the question as to why they the National External ‘Assessment in Bulgaria and the OECD's
performed so well and whether other countries can improve their ~ Programme for International Student Assessment (PISA).

students’ learning by applying ‘what works’ in Vietnam. The
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So far, however, little is known about the link between the
performance of students who have participated in a PISA
assessment and their academic achievements, such as the results
from the National External Assessment in Bulgaria or their final
marks for the respective school year. The reasons for this are
objective and are to a large extent related to the way in which the
national representative samples of students who participate in a
PISA assessment are formed, and the way in which their results are
published in OECD open datasets.

That is why the results published in 2022 in [13] are extremely
interesting. The authors of the study establish a moderate
correspondence between the results from PISA and academic
achievements, where the PISA levels of mastery are linked to the
school marks and remain the same after taking into account the
impact of the gender and the socio-economic status of students. The
results from this study show that the PISA test assesses a wide
range of academic achievements.

In a number of cases, however, the results from PISA and other
similar standardized exams and tests have no consequences for the
test taker (low-stakes tests). Unlike high-stakes exams, in low-
stakes tests the results demonstrated by students are always
influenced not only by the level of knowledge and skills, but by
various other circumstances. The subjective and group variability in
the degree of inherent motivation (or other variables related to the
stakes of the test) among different students or groups of students
can lead to having the comparisons of the results achieved be
influenced by differences in the test stakes level for individual
participants or groups of participants in exams. Ignoring this aspect
of low-stakes exams can cause policymakers to make incorrect
conclusions and to potentially distort the development of effective
policies. [14].

In the already referenced publication [14] Yuval Ofek-Shanny
experimentally establishes that the lower level of engagement of
test takers from minority groups included in his study and
participating in low-stakes exams can lead to results that are twice
as low than when these results are received from high-stakes exams.
This difference in the results of high-stakes and low-stakes exams
may lead to distorted or misleading conclusions in the assessment of
students’ skills. If the main objective is to focus on cognitive skills,
high-stakes testing is better because it is less sensitive to the various
levels of engagement of test takers. Marks from low-stakes exams
could be better, if the main objective is to forecast future results on
the labor market of the test takers since these tests are able to detect
a combination of cognitive and non-cognitive skills, including
inherent motivation for achieving high results regardless of the
stakes.

3. Unpacking the PISA 2022 data for students’
effort.

In the context of PISA 2022 the students participating in the
study self-assess their motivation for participation by responding to
the following three questions:

(Q1) : How much effort did you put into doing well on the PISA
test?

(Q2) : How much effort would you have invested if your results
from the PISA test were going to be counted in your school
marks?

(Q3) : Now think about the PISA questionnaire you just
answered. How much effort did you put into giving accurate
answers?

The responses of students are provided using a scale where the
highest score is (10) for a situation in which the students have made
everything possible and have done their utmost to do well, whilst
the lowest score is (1) for a situation in which students have not
made an effort and have not tried to do well at all.

In order to analyze whether and to what extent the students’
origin country has influenced the responses to these questions, for
each of the countries participating in the international student
assessment program PISA 2022 we initially calculated an LE
indicator which equals the percentage of students that have
responded with 1, 2 or 3 to questions Q1, Q2 and Q3, and an HE
indicator which equals the percentage of students that have
responded with 8, 9 and 10 to Q1, Q2 or Q3. The results we
obtained are listed in Table 1.

Tablel: LE and HE indicators.

Country QILE | OIHE | Q2LE | Q2HE | Q3LE | Q3HE
Albania 12.4% | 635% | 7.7% | 73.8% | 75% | 68.7%
Argentina 6.8% | 586% | 39% | 830% | 54% | 62.7%
Australia 72% | 46.0% | 2.7% | 84.7% | 3.7% | 72.1%
Austria 10.7% | 42.6% | 58% | 77.6% | 10.1% | 54.2%
E’;"Z‘:rb i) | 205% | 54.6% | 719 | 691% |81% | 612%
Belgium 71% | 422% | 33% | 81.2% | 63% | 55.3%
Brazil 6.9% | 62.1% | 49% | 77.6% | 54% | 70.4%
g;‘:ﬂgalam 57% | 39.7% | 52% | 62.0% | 41% | 57.3%
Bulgaria 14.0% | 49.8% | 8.3% | 67.7% | 105% | 55.5%
Cambodia 6.7% | 56.1% | 7.3% | 54.1% | 6.0% | 54.0%
Canada 77% | 48.1% | 2.9% | 858% | 5.7% | 66.6%
Chile 43% | 572% | 19% | 86.3% | 40% | 68.1%
?:i'ggise 102% | 54.4% | 33% | 79.1% | 43% | 67.4%
Colombia 36% | 72.1% | 26% | 834% | 30% | 74.8%
Costa Rica 43% | 705% | 1.9% | 90.1% | 3.6% | 79.3%
Croatia 54% | 535% | 35% | 81.1% | 47% | 68.1%
gé;ﬁgnc 83% | 486% |51% | 77.4% | 7.4% | 55.9%
Denmark 72% | 46.2% | 1.8% | 89.5% | 4.2% | 66.5%
gg&'g‘l'icca” 122% | 68.3% | 104% | 71.8% | 9.1% | 69.7%
El Salvador 5.2% 72.9% | 3.6% 81.5% | 3.6% 76.2%
Estonia 37% | 542% | 2.0% | 84.6% | 34% | 65.1%
Finland 125% | 475% | 48% | 791% | 99% | 57.3%
France 6.8% | 41.5% | 35% | 77.9% | 6.8% | 53.7%
Georgia 10.0% | 63.1% | 8.0% 73.3% | 7.0% 71.8%
Germany 11.1% | 41.2% | 4.0% 82.0% | 6.9% 68.3%
Greece 9.7% | 41.6% | 54% | 748% | 7.9% | 58.2%
Guatemala 38% | 785% | 25% | 89.0% | 3.2% | 80.1%
'(‘(':Or:‘iﬂ;)(‘)”g 11.8% | 381% | 3.0% | 77.2% | 63% | 53.5%
Hungary 6.8% | 47.1% | 39% | 782% | 51% | 61.7%
Iceland 11.3% | 41.2% | 51% | 785% | 82% | 60.6%
Indonesia 72% | 715% | 60% | 75.9% | 53% | 75.1%
Ireland 38% | 52.9% | 1.6% | 882% | 2.1% | 75.8%
Israel 10.2% | 48.9% | 40% | 85.0% | 7.2% | 60.6%
Ttaly 52% | 56.0% | 2.7% | 82.7% | 3.8% | 67.0%
Jamaica 79% | 51.3% | 6.1% | 72.5% | 5.9% | 70.3%
Japan 28.1% | 26.3% | 42% | 744% | 6.9% | 60.1%
Jordan 12.0% | 491% | 94% | 605% | 8.9% | 55.1%
Kazakhstan 4.2% 74.9% | 3.1% 82.7% | 3.8% 76.5%
Korea 47% | 650% | 1.8% | 86.6% | 32% | 76.9%
Kosovo 124% | 634% | 85% | 70.7% | 69% | 69.5%
Latvia 41% | 59.9% | 26% | 80.1% | 3.6% | 66.2%
Lithuania 48% | 60.8% | 29% | 80.7% | 42% | 66.5%
('\(":‘;‘]clﬁg) 53% | 573% | 20% | 82.4% | 26% | 68.3%
Malaysia 75% | 56.3% | 65% | 62.8% | 5.9% | 60.4%
Malta 99% | 438% | 50% | 784% | 6.3% | 64.6%
Mexico 20% | 76.9% | 1.8% | 888% | 2.3% | 81.3%
Mongolia 48% | 705% | 33% | 79.0% | 34% | 75.3%
Montenegro 8.7% 53.3% | 5.5% 76.6% | 7.1% 62.7%
Morocco 98% | 56.1% | 7.0% | 67.1% | 7.8% | 61.6%
Netherlands | 58% | 48.9% | 25% | 85.0% | 44% | 61.5%
New Zealand | 4.7% | 508% | 2.1% | 84.0% | 25% | 70.6%
',:‘AC:CT onia 97% | 58.7% | 65% | 743% | 7.4% | 65.1%
Norway 15.1% | 355% | 4.6% | 82.6% | 10.1% | 51.1%
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Country OILE | O1HE | O2LE | O2HE | O3LE | O3HE
Palestinian 125% | 55.0% | 8.4% | 6229 | 7.9% | 61.4%
Authority
Panama 52% | 654% | 3.7% | 785% | 42% | 70.5%
Paraguay 46% | 70.1% | 3.0% | 86.0% | 47% | 73.0%
Peru 48% | 60.0% | 3.0% | 815% | 3.9% | 68.0%
Philippines 93% | 71.3% | 7.6% | 71.9% | 7.3% | 72.5%
Poland 6.9% | 50.3% | 3.9% | 76.1% | 72% | 57.6%
Portugal 35% | 55.2% | 1.6% | 87.3% | 3.0% | 69.3%
Qatar 116% | 492% | 7.8% | 71.0% | 89% | 60.5%
se(ﬂ‘égc; e 58% | 627% | 41% | 748% | 42% | 69.9%
Romania 6.6% | 59.1% | 43% | 78.0% | 58% | 65.5%
Saudi Arabia | 75% | 703% | 5.7% | 77.3% | 58% | 73.7%
Serbia 9.0% | 51.8% | 50% | 78.2% | 73% | 60.0%
Singapore 53% | 50.7% | 1.2% | 884% | 25% | 73.2%
slovais 13.1% | 445% | 82% | 68.0% | 10.4% | 56.6%
Republic
Slovenia 85% | 46.5% | 4.6% | 76.5% | 6.8% | 55.2%
Spain 45% | 53.4% | 2.0% | 85.6% | 35% | 68.5%
Sweden 76% | 43.7% | 22% | 89.8% | 55% | 63.6%
Switzerland 8.0% | 42.3% | 4.0% | 78.7% | 72% | 53.0%
Thailand 78% | 551% | 62% | 60.1% | 6.1% | 57.7%
Tirkiye 4.9% | 72.1% | 33% | 83.7% | 34% | 80.8%
Ukrainian
regions 86% |56.1% | 620 | 72.0% | 83% | 59.0%
g;'itfa‘ie':‘rab 82% | 588% | 54% | 76.9% |58% | 70.8%
Ef‘“ed 81% | 423% | 24% | 875% | 50% | 64.4%

ingdom
United States | 2.5% | 68.9% | 1.3% | 90.7% | L.7% | 83.4%
Uruguay 53% | 555% | 2.7% | 845% | 43% | 62.1%
Uzbekistan 93% | 74.1% | 7.6% | 74.9% | 6.8% | 76.5%
Viet Nam 13% | 801% | 11% | 847% | 1.2% | 82.6%

The results presented in Table 1 demonstrate significant
differences between the individual countries. In Vietnam, for
example, under 2% of students have responded with 1, 2 or 3 to
these questions, whilst over 80% of them have responded with 8, 9
and 10. On the other hand, 28.1% of students in Japan have
responded with 1, 2 or 3 to Q1, and only 26.3% have responded
with 8, 9 or 10 to the same question.

According to our hypothesis, the countries participating in PISA
2022 can be grouped in two clusters based on the LE and HE
indicators calculations we performed, and this can be checked
through a non-hierarchical clusterization using the K-means
clustering method. The results from the cluster analysis of this data
applied by us are illustrated in Table 2 and Table 3.

Table2: Final Cluster Centers.

Indicator Clusterll Cluster?
42 countries 38 countries
QILE 5.98% 9.81%
Q2LE 3.78% 5.08%
Q3LE 4.37% 7.06%
Q1HE 63.70% 46.80%
Q2HE 81.32% 75.33%
Q3HE 71.83% 59.72%
Table3: ANOVA.

Indicator F Sig.
QILE 26.713 0.000
Q2LE 7.431 0.008
Q3LE 46.102 0.000
Q1HE 103.188 0.000
Q2HE 13.808 0.000
Q3HE 107.513 0.000
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4. Discussion and conclusions.

The results we obtained and presented in Table 2 show that in
42 of the countries participating in PISA 2022 (Cluster 1) a
relatively small number of students (5.98% on average) are less
likely to make an effort in order to do well in the exam. As regards
the percentage of students who would put less effort into the PISA
exam in the countries included in Cluster 1, the effect of the
potential recognition of the results achieved by them and counting
the results towards their school marks would be smaller (Q2LE =
3.78%). As regards Cluster 2, the average percentage of students
who are more likely not to make an effort to do well in the exam is
significantly higher (Q1LE=9.81%) and for these countries the
effect of the potential recognition of the results achieved by students
when forming their school marks is bigger (Q2LE =5.08%).

As regards the percentage of student who would make a
significant effort in order to do well in the PISA 2022 assessment,
we have noticed a significant difference in the results for Cluster 1
(Q1HE=63.70%) and Cluster 2 (QLHE=46.80%), and in both cases
the effect from the potential recognition of the results achieved in
the PISA 2022 assessment for the purpose of forming their school
marks is significant. For Cluster 1 Q2HE=81.32% is nearly 18%
higher than Q1HE=63.70%. For Cluster 2 Q2HE=75.33% is nearly
29% higher than Q1HE=46.80%. Again, the positive effects of the
potential recognition of the results achieved in the PISA 2022
assessment for the purpose of forming the school marks would be
bigger in the countries from Cluster 2.

Based on the results obtained, Bulgaria is positioned in Cluster
2 which gives us a reason to believe that increasing the motivation
of students participating in the PISA assessment would have a
significant positive effect.
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Abstract: Recent studies indicate that over 80% of organizations have initiated their digital transformation journey, yet only approximately
25% perceive tangible benefits from these endeavors. Delving into the reasons behind these perceptions, it becomes evident that digital
transformation lacks practical implementation. This research treats digital transformation as a project, adhering to project management
principles. It delineates a pragmatic approach to digital transformation project management, highlighting key considerations at each stage.
Furthermore, insights from an interview with Huawei Tiirkiye's R&D director, HR business partner leader, and payroll and personal affairs
manager shed light on Software as a Service (SaaS) as a pivotal component of contemporary digitalization. SaaS is believed to expedite
successful integration, positioning companies favorably against competitors in remarkably short durations.

Keywords: DIGITAL TRANSFORMATION, PROJECT MANAGEMENT, INDUSTRY 4.0

1. Introduction

With the latest trends in project management and project
process management, especially in Intelligent Computing
Technology (ICT)/Software areas like Agile and DevOps,
management goes from vertical to horizontal structure rapidly. So,
what to do in 2020s to survive as a leader or influencer in industry?
And how to build a talented team that would work fully dedicated
for getting success in organizational Digital Transformation (DT)
projects? How an organization go from traditional to digital with
quickly launched digitalization projects? How to make this
transformation more effective, practical and smooth without losing
vision to catch technology train that drive very rapidly in today’s
business environment.

Many firms stated that they have already started to work on
digitalization, but outputs do not meet expectations with a high
percentage. Business owners should accept digitalization as a vision
of their organizations and hold it in another place from daily works
or short/mid-term projects. This paper influenced from these two
clichés, and outlined the important points that need to be observed
in care while managing digitalization projects. Many Software/ICT
projects driven by so called traditional firms today already for being
digital. Research projects on SaaS products, mobile APPs, remote
management and many similar projects are helping these firms in a
pre-defined schedules with a small/mid-sized talented team effort.

Experts in this area explained some systems, applications or
platforms to migrate into business to be successful like: loT
(Internet of Things), cyber security monitoring tools, digital
marketing with immersive advertisement channels, artificial
intelligence algorithms, robotics, and smart factory plants etc. How
to implement or manage them is important after starting to take real
actions on being digital. In the following parts, the latest Project
Management Institute (PMI) structure with main things to take care
for being successful in DT projects are presented with some hints
on each step.

This study also includes an interview and is entirely research-
based. It reexamines sources from a different perspective,
incorporates past experiences and cases that require further
examination, reinterprets research results, and provides rich
references. The interview focuses on the term SaaS, which can
perhaps be called the catalyst of digitalization for today, and which
is thought to be able to put companies ahead of their competitors
with successful integrations in a really short time.

2. Background

Digitalization projects require more than customary IT
execution, have a high potential to trigger hierarchical change, and
need a joined scene on innovation and business. Although very little
research has been dedicated specifically to DT projects, related
studies can teach us something about how these projects are
managed. By uniting disengaged experiences, we expect to make a
more comprehensive image of DT projects [1]. The project team
structure can be based on a hierarchy system, a flat one or a matrix

30

system. These have different ways of organizing the relationship
between the management team and employees. It is better to share
the structure of the team regularly for new mates especially.
Otherwise, employees will always have questions in their minds and
regularly the project manager, director or other managers should
struggle against these questions.

[2] define the five KSFs (key success factors) as follows: (1)
Top management support is critical for defined responsibility and
empowerment leadership. (2) More horizontal hierarchies and inter-
functional collaborations are of great importance. (3) People
management forms another component and is partially aligned with
a digitally savvy culture and vision. (4) Use of data and digital
technologies supports DT. (5) Customer-focused KPIs. All these
factors are of vital importance for successfully digitalizing the
structure.

[3] extends the concept of writing skills in the digital setting
while emphasizing the importance of developing abilities such as
adaptability and insight. She categorizes skills into tangible ones
like learning, integrating, planning, and restructuring, which
provide concrete, empirically proven strategies for navigating
external environments and achieving advanced levels of digital
transformation. To illustrate the continuous and nonlinear nature of
the process, she uses the concept of change to more accurately
reflect digital development. She identifies specific relationships
between an organization's ability to leverage IT to support its key
processes and the degree of digital transformation achieved.

In Business Horizons, [4] advise four levers to enable digital
transformation by creating an innovative digital project team
including diverse and targeted team composition, iterative goal
setting, continuous learning, and talent management. They also
outline some challenges with traditional IT team like project
leadership associated with project management versus coaching and
mentoring and adding tips to overcome these ones like train and
mentor digital team members through leadership and onboarding
programs to help shifters.

3. Managing Digital Transformation

Digital transformation is the integration of new generation
technologies into all business areas of a company, fundamentally
changing the way business is done and transforming products into
value-added products. It is also a cultural and structural change that
requires organizations to constantly challenge traditional methods,
engage in an experimental team, and be comfortable with
flexibility.

In this paper, theoretical approaches and literature studies
related to the general structure and analysis of digital transformation
processes are presented in a systematic way. This structure has been
established to be as similar as possible to the structure currently
used by PMI in general. In accordance with the PM-BOK (Project
Management Body of Knowledge) flow, it started with people and
continued with the details of process and work environment. In
addition, literature information is given in a way that allows the
previous studies on the subject to be followed in the same flow. It
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can be a supporting material for digital transformation projects, as
well as the main sources used on project management.

4. People

In July 2012, the London Symphony Orchestra performed a
composition entitled Transits — Into an Abyss. One reviewer called
it “artistic and delightful”. The event marked as the first time that an
elite orchestra had played music composed by a machine.

The above research is not an opinion, actually; it is from Martin
Ford’s famous book - The Rise of the Robots: Technology and the
Threat of Mass Unemployment. The book earned “Business Book
of The Year” award given by a press and a research company. Then,
why did Project Management Institute (PMI) place the title
“People” in the first place of their new exam content outline? What
are the things behind PMIs’ trust on humankind, especially in 2020s
while human cannot decide about serious issues in their own — in
other words, without getting help from analytics applications?

Aside from the fact that human beings pollute nature and cannot
use the world's resources in a sustainable way, even dragging it
towards the end of its life; unfortunately, our lives are not easy at
all. These days are not that easy, and when we think of natural
disasters, wars and epidemics, we are trying to deal with all of them
at the same time.

It is necessary to examine these problems not only with their
material but also with their spiritual dimensions. Human beings are
such an entity that they constantly multitask, not only when they are
at work. For example, we often become what we want the other
person to see, not the emotion we feel. We think that when we must
decide about our own life, we must consider everything, and
everyone involved in our life. Perhaps for all these reasons, we can
say that every person is a leader, whether by birth or learning, but
successful but mediocre.

4.1 Employer Branding

As it is understood from Human Resource Business Partner
(HRBP) in corporate offices, “Employer Branding” is a bit virtual
definition occurred from some of the governmental regulations
related to management of Research and Development (R&D)
Centers. But basically, struggles given by companies to hire more
talented and developed candidates; in addition to using them for
multi-tasking like both Software development and algorithm
research.

Organizational mission, modern-day employees, business
enterprise culture, and the possibility to boom your company gives
great pleasure. Prospective applicants want to understand the core
aspects of what it's like to work at your company before they apply.
The key to conveying this essential information is to build your
employer brand.

The agency emblem is what allows potential task candidates
purchase into what the business enterprise is all about—your
culture, humans, and purpose. Your agency emblem efficiently
highlights those characteristics that make your company a unique
vicinity to paintings, placing you other than the crowd, humanizing
the company, and in the end inspiring applicants to use to
consideration.

4.2 Recruitment

Experts predict that by 2020, the global workforce population
will predominantly include younger workers. Millennials will make
up 35% of the global workforce and Generation Z will account for
24%.

To many recruiters, hiring millennials is still a big mystery. To
attract and recruit this generation, the first thing should be
understood is which industries they are moving to, which they are
leaving from, and why? See Figure 1.
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Top Growing Industries for Millennial Job Switchers

(last 12 months)
Technology - Software | 9%
Healthcare & Pharmaceutical 7%
Financial Services & Insurance 7%
Aero/Auto/Transport 5%
Architecture & Engineering 5%

Fig. 1 The Top Industries Gaining Millennials According to LinkedIn (2017)

The research shows that “being visionary” (not only in words
but also in practice) is the most attractive thing for employers when
payroll regulations and salary are not much different from each
other. So, what kind of digital innovation for recruitment period can
show the organizations more visionary?

Publish the job opening on popular social and career
applications or websites in addition to your company's website. And
better to allow people apply the job easily with their profile or early
prepared resume instead of redirecting them to companies’ website
career tab and asking many unnecessary questions which many of
them already included in their resume or profile information. This
will show that organizations are running regulations in a more
practical way and allowing employees to accomplish real tasks
without stressing out of limited time period because of time wasting
procedures.

Request to do online test or remote task from applicants. This
action will leave “more selective company” effect to job seekers.
And HR and technical reviewers will be saved from massy
interview counts, so potential employees can enter more details in
their low count interviews and select more suitable or talented new
mates for the company.

Do more online interviews instead of face-to-face ones via a
mature online interview or conversation tool. A job seeker might
live far away from the office and even then, can apply for an open
position that does not fit him/her entirely, however the company can
post another job fitting this applicant wholly later. Applicant will
absolutely encounter distance between the office and home for
attending a second interview. Thus, to prevent this kind of issue like
potential employees might be perfect fit for the company enabling
online interview would provide time, reputation and attitude for the
company.

4.3 Building and Leading a Team

First, it is better to recruit new colleges whose visions are
highly matching with the organizational DT vision and strategy.
Then, express the strategy, vision, structure etc. These things will
affect the project in every step, or all stakeholders should be aware
of the entire working period for the organization or project. Go from
Human Resources to Human Resources Business Partner, and let
the team give feedback to a friend not to a formal employee from
another department. Having this approach would positively affect
team-members’ motivation and project efficiency.

Another issue is that the company cannot transform by just the
bottom line of triangle; there are also mid-level managers who have
crucial roles in the project success. And for those individuals
sharing the digitalization vision would never be enough, the
company must get their opinions and create a partner vision for this
long-term journey. Also planning new training about using digital
assets in managing, encouraging them to give feedback about
missing parts and continuous improvements.
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4.4 Stakeholder Management

[5] defines stakeholders as any group or individual who can
affect or is affected by the ecosystem’s services. Stakeholders are
separated inside and in a roundabout way, yet additionally as
indicated by their level of significance, and they are delegated such.
Thus, it tends to be resolved which stakeholder should be spoken
with first and the desperation of this.

[6] combine elements of previous researches to develop a multi-
dimensional framework called the Triple Oscillation Model. As
shown in Figure 2, it consists of stakeholder classes, functional
roles and business ecosystem lifecycle.

Functional

Roles

Participant | D

3 Business

& Ecosystem
\¢‘ Emerging /Diversifying/ Converging /Consolidating Renewing

Lifecycle

\J
&
o

Stakeholder

Classes

Fig. 2 Triple Oscillation Model [6]
Successfully  managing  stakeholders is  related to

communication with 50%, in main belief; after getting much
training and research. See Figure 3.

High

Keep
Satisfied

Manage
Closely

Power

Monitor
(Minimum Effort)

Low

Low Interest High

Fig. 3 Stakeholder Prioritization

4.5 Continuous High-Performance Culture

There are two different terms that need to be cared about if a
team or organization wants to catch a continuous high-performance
culture while doing their daily/target works beside. One of them is
project performance and the other one is employee performance as
known. However, both have similar processes like evaluating the
performance, tracking it continuously and of course steps need to be
taken to improve performance.

5. Open A Place for A Tech Giant in Saas
Business
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Currently, cloud computing is significantly more stable and
proven than it was a decade ago. As a result, numerous large and
small companies have migrated even their most critical assets to the
cloud. Moreover, it offers the most logical options that can be
useful to catch up with your competitors in the way of
digitalization. SaaS, on the other hand, is like giving automatic
payment instructions for some of your tax debts or invoices while
you are already there in a bank branch where you trust to keep your
money, as well as buying insurance, taking a new investment step
or changing your accountant's business with a set of products that
this bank offers for you. Moreover, it is very easy to integrate and
maintained largely by the cloud provider. Their convenience is not
limited to this either, when you need any assistance with your own
admin operations in the foreground, the cloud/product provider's
advisor will probably be a click or a phone call away. Moreover,
these services are now available not only to small entrepreneurs
who might worry about future support, but also to established
companies, which we can refer to as technology giants.

One of them is Huawei. The company's R&D center in Tiirkiye
has already started to offer a set of products in SaaS form to the end
user in 2020. While some of them are software already owned by
the company, some of them were written completely in line with
today's needs. It has been tested by many beta users and internal
units of the company before it is offered to the end user, and
partnerships have been established with local cloud providers for
regions that do not have access to Huawei Cloud. We made
Interview about this hot topic including producer and customers.
Interview is not just only covering company’s’ SaaS products, it is
also touching to digitalization, projects may be handled by practical
tasks like SaaS product owning, and new business environment
after pandemic. We did an interview with Huawei’s R&D director
and Human Resources Business Partner (HRBP) leader and also
Payroll and Personal Affairs Manager of another company about
SaaS adventure of High Technology Research and Development
Center (HTRDC) China compliance with today's conditions and
strategies.

When asked how innovation can help businesses support their
business in today's volatile business environment to R&D director
and he said:

DT is a hot topic! And innovation is critical for SMEs, but it is a
real challenge for big companies. Huawei focuses on ICT as a
specific area and provides some telecom solutions, smart devices,
software, cloud and Al solutions to support businesses to facilitate
innovation. For example, after 4G, many innovations have been
made in video and mobile content. The world is changing, and
innovation should be divided layer by layer. As Huawei, we are
constructing highways; and the customers are building cars.
Building which car depends on themselves, but we should support
either Mercedes or any others.

Together with Huawei’s R&D director, we explored the SaaS
solutions offered by HTRDC and examined examples to understand
how they support the new work-from-home (WFH) principles.
Regarding the rest of conversation, it is understood that SaaS
solutions provided by Huawei are not specialized for work from
home principle. But somehow, they support people to be more
convenient and flexible. For instance, an online coding platform
provided by R&D center is also supporting all candidates to have an
exam remotely. Previously, candidates were coming to the office to
take the exam from PC or paper but now companies can use it for
remote recruitment.

Online is important not just for WFH, but also for every
condition. These online solutions were designed for virtualization in
every step of life in the beginning; but after the pandemic,
everybody understood that they are the best fits for current
challenging environment.

Another example would be WeFocus. Managers or HRBP can
come across employees every day in the old routine and make a
judgment about their situation; if necessary, they could
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communicate with them one-on-one and act. Thanks to the
announcements, surveys and feedback they receive on WeFocus;
this communication disconnection can be minimized. HTRDC was
the first to use this product.

As we continued, we tried to examine the customer feedback
and demands that guide the SaaS strategies of both the director and
the R&D center as a leader in the sector. SaaS production or
development is a really challenging process, because there are a lot
of people working in this field. Even some individual ventures are
the competitors, and as a team you must make a difference to show
yourself in front of customers.

Huawei prefers to take more challenging tasks like putting Al
algorithms into each product. And try these solutions at first
internally to get feedback from different people or departments to
outline pain points and improvement areas. So, initial borders of the
SaaS products were formed. They collected feedback from
customers and beta users to redefine categories and borders.

When trying to learn the SaaS strategies of the R&D center of
the pandemic impact on social or business life, through examples or
sensations, R&D director replied as follows and detailed his
personal expectations for the days ahead:

Huawei was lucky about pandemic effect on SaaS, of course it
supports ideas to benefit from SaaS solutions. It should be
unfortunately stated that the pandemic had very serious negative
effects for other sectors. But people also learned a lesson from this
and the online transition in every area was accelerated. In addition
to the working principles, this change includes the way business,
education and even healthcare are made.

Pandemic situations changed many minds belonging to
businesspeople, and companies started to hire more software
engineers to adopt virtual operations into their businesses. So, there
is a huge demand for recruiting tech people. Thanks to being a
technology company, Huawei have already enough resources and
more than enough knowledge on the software domain. In China, all
the top universities started to record each course; and anyone from
public can watch any course.

When we asked what the future plans of their organizations
regarding the SaaS product range and sales strategies are, what
factors will be encountered while shaping these strategies:

They said: We had chosen to build small teams first, then grow
with the customer engagement and feedback. Now, there is a
unified sales team working closely with the SaaS teams, different
from the rep-office marketing department. Probably, this team will
be larger in parallel to SaaS technical group.

Finally, he was asked whether he is an enthusiast who believes
digitalization is a vision, or one of the practical leaders who believe
in embarking on new digital transformation projects to catch the
train. He said: Digitalization is the future. Digitalization or
virtualization was one of the topics in Chinese universities at a time
between 2001 and 2005. But, not seen so real or closer enough to
that day’s business or social life from the student’s side. To put it
into a company’s vision, those years were suitable; however, it is a
need now and professionals should start to adapt it into their
business as soon as possible.

Not just changing minds or business, cultures should evolve
together with virtualization. If someone is talking about technology,
he/she should have hands on it. Being practical is already today’s
philosophy. No one can deal with technology without getting their
hands dirty.

Only mobile phone is enough for Chinese to survive in daily
life. All the verticals have some different background and have
some differences while adopting technology. Anyway, all of them
should work on it combining both technical and operational units.

Then similar questions were asked to Payroll and Personal
Affairs Manager of a company using SaaS products of Huawei. Due
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to today's conditions, she believed that they are in a process where
organizations have started to carry out all processes in the digital
environment. That's why using products that support processes like
WeFocus helps their business a lot and speeds up the work, as well
as providing support and solutions to known problems. These
solutions help them to understand the problems of employees more
quickly and clearly, making them happier and increasing loyalty.
Using SaaS solutions has been developed in a more optional and
facilitating way, such as getting data in a more understandable and
clear way, allowing problems to be resolved faster.

They aim for maximum digitalization. And she is expressing
that they have changed working style in respect to customers new
way of working in pandemic days. As she, they had to deal with
remote working negative effects and understand best practices about
WFH. With SaaS products it would be better to digitalize in a short
time and start to use its benefits as soon as possible.

Customer and employee needs had been their important inputs
to go digital with SaaS solutions. The company is lucky to be
informed about SaaS solutions of Huawei, like WeFocus.

As a HRBP working for a fast-paced company like Huawei, she
believed that they must deal with multiple operational tasks daily,
and again managers must double check each of the processes in
order to ensure zero-mistake implementations are made. Innovative
solutions can help HR to automate each step in daily routine and
ensure high quality output within a limited time and effort. She
expressed that they can easily track and assess employees and even
candidates in current abnormal situations via their valuable
feedback. They can address the shortcomings and provide solutions
with efficient results, thanks to SaaS applications that allow
organizations to digitalize in a short time with the quick projects
managed in a practical manner.

6. Conclusion

This study tried to evaluate digital transformation as a project
by adhering to the principles of project management. The study is
endeavoring to explain how a practical digital transformation
project management can be implemented by stating which points
should be given extra attention. Many technology producers have
separated their corporate sales channels today, unlike the traditional
structure. Through these channels, solutions such as SaaS, Cloud
Services, loT, and Cyber Security are offered to companies that
manufacture end-user products or provide user services.

As a summary of the academic interviews, the participants
generally gave fresh parallel answers. It is believed that a practical
transformation with the help of quick and easy solutions such as
SaaS benefit companies in this way. In this context, a study to be
conducted with academicians and consultants can eliminate the
deficiencies of the topics covered and the support given to the
organizations with this study, if any, by revealing the points that
should not be ignored in the theoretical principles.

Although a very specific field has been chosen as the subject, a
study has been made in the right field thanks to the literature review
and the difficulties encountered in the next stages. Because although
there are many resources under the titles such as digital
transformation, industry 4.0, project management; the number of
resources that offer them by blending them with each other is few.
It has been tried to benefit greatly from several events analysis that
have already been made for other purposes for most of the
inferences made. Considering this point of view, researchers can
conduct more case analysis directly about this study.

During such a study, it can be mentioned about the failures
experienced while trying to realize the digital transformation
through projects. In fact, it is obvious that such a study will not only
support our study, but also have the characteristics of several
lessons that should be considered for those who are interested in
this study.
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|
In addition to all this, subsequent researchers can also work on

the digitization of project management. In this study, this subject

has been partially addressed, and it has not been focused on. Where

deemed necessary, it is sufficient to refer to the printed examples

and some recommendations are given. In addition to the research to

be done, it is also possible to create a project related to this subject.

It can be a new generation project management tool or a specific

application targeting digitalization projects.
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Abstract: This publication analyses the process of transforming the online economy into a circular one. The focus of the analysis is on the
progress of the European Union member states in reducing waste. Member States' progress towards a circular economy is slow. The
circular business model should not be seen as wishful thinking, because it will be crucial for companies in the future. The circular economy
is at the heart of the European Green Deal and plays a key role in decarbonisation and achieving climate neutrality by 2050 and in the fight
against pollution. Circular economy means smarter use of resources. The circular economy is built using sustainable economic models
based on innovation and technology to allow the repeated use of the same resources. Achieving a zero carbon footprint on the natural
environment by 2050. is the top priority. This would only be possible if the world moves towards a circular economy, and this is one of the
highlights of the Green Deal, while also aiming to increase the competitiveness of the economy.
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1. Introduction = WASTE GENERATION % IN EU R

37

The linear economy will inevitably be displaced by the
alternative circular economy. A linear economy is a model of
producing products from various resources that are used and then
discarded. In the circular economy, after the end of the useful life of
a product, it again becomes a resource for reuse. This is done by
repairing it, recycling it, reusing it, etc. Our planet's resources are
limited and at some point they will simply run out. This necessitates
a rethinking of consumption, and the need to reorient towards a
circular economy and build intelligent productions that efficiently
use resources is becoming increasingly clear. The linear principle - Ming 429 qurrig
"take, produce, use, throw away" is no longer applicable. :

Fig. 1 Distribution of types of waste generated with the EU. Data source:

Accelerated global growth in commodity consumption has led EPRS, Infographics, 20187 Hmsusum s spnpamsama e ¢ vasepes.

to overexploitation of natural resources. The EU's goal is until 2030.
to reduce waste disposal below 10% and to turn it into a resource

through high-quality recycling. The goals are to do this with 65% of Recycling turns waste into new resources, and in some cases it

household waste and 75% of packaging waste. By 2030 this means also involves generating energy from waste materials. Not all

65% recycling, 25% recovery and 10% municipal waste disposal. materials can be recycled to the same extent. The degree of

This poses a number of challenges both to the industry and to the recycling of different materials depends on their properties, wear

state and society. and tear and ability to acquire new properties or regain old ones.
[5].

2. Waste management o ) )
Waste minimization can be done in three main ways: reduce,

The EU generates about 2.5 billion tonnes of waste (about 5 reuse and recycle.[3] Some standards developed by the International
tonnes per capita). The majority of these come from the  Organization for Standardization (1SO) related to recycling are
construction, mining and manufacturing sectors. Household waste widely applied in practice, such as I1SO 15270:2008 [10] and 1SO
represents 9% of the total amount of waste generated. (Fig. 1)  14001:2015 [11]. There are also very effective good practices that

Construction waste includes materials scrapped during the  are gaining more and more popularity in the context of the circular
demolition or renovation of old buildings, as well as materials economy.

scrapped during the construction of new buildings. The wastes . ] .
generated in the mining and extractive industries are mostly Materials that are subject to recycling are glass, paper,
irreparable damage to the natural landscape, flora and fauna. In ~ Food and plant waste are biodegradable waste and can also be
manufacturing, waste is all materials discarded during production  recycled through the technology of composting. [2].

processes. Manufacturing waste includes a wide variety of
materials. Municipal waste includes both mixed municipal waste
and separately collected waste. The other waste category includes
materials discarded during waste processing, including during
sorting and recycling. 5 tons of waste generated per capita, 4.5 tons
are treated.

The recycling of a material produces a new quantity of the same
material. Some types of materials, such as metals, can be recycled
many times without losing their purity and properties. [4]. Other
materials lose or change properties when they are recycled.
Recycling some materials is technologically difficult or too
expensive compared to extracting them from natural sources. Such

The main idea behind the circular economy concept is to extend ~ Materials can be reused in the production or recycling of other
the time for efficient use of products, materials and resources while ~ Materials. Extracting materials from end-of-life products, either
m|n|m|z|ng waste. By using advanced techno'ogiesl they can because of their SpeCIfIC value or rarlty, is also a form of recycllng,
separate and recover valuable materials from waste streams. This ~ Such as lead from batteries and gold and silver from printed circuit
high degree of responsibility and commitment both from society as ~ and reuse of mercury from thermometers, barometers or other
a whole and from each individual. This can only be done by devices containing or working with mercury or other hazardous

building a new type of public attitude and culture of responsibility ~ Substances. According to Eurostat data, in the period 2010 - 2022, a
towards nature and future generations. smooth but permanent trend towards an increase in the amount of

recycled materials is outlined (Fig. 2)
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Recycling requires: a source of recyclable waste, a system for
collecting, sorting and processing recyclable materials from the
waste stream, an enterprise that can treat and recycles them and a
demand for recycled products. [2]

An important indicator of recycling efficiency is the energy
intensity of the processes. In general, it takes much less energy to
produce recycled materials than to produce materials from natural
resources. In some cases, however, the cost of recycled materials
exceeds the cost of materials produced from raw materials.
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Fig. 2 Materials going through recycling in European Union for the period
2010 + 2022 dccording to data extracted from Source: Eurostat (env_ac_mfa,
env_ac_sd, env_wassd )[7]

In EU, the 'waste hierarchy' is a guiding principle for waste
management. It sets a priority order for waste prevention and
management options:

« Preventing the generation of waste by reducing packaging
or extending the shelf life of products. Prevention is more about
product design and consumption than waste management.

« Reuse. This can include repurposing items or using durable
goods that have a longer life - for example reusing packaging
through deposit schemes or remanufacturing electronics
(telephones, decoders).

» Recycling - involves processing used materials into new
products, reducing the need for raw materials and reducing the
overall impact on the environment - for example, ferrous metals,
non-ferrous metals (eg aluminum, copper), glass, paper and
cardboard, rubber, plasticc wood and textile waste, whether
hazardous or non-hazardous.

» Restore (energy). Combustion of waste in incinerators; in
most cases the energy produced is used to generate electricity
and/or heat (used for example in industrial processes or central
heating systems).

» Disposal: Landfill.

» The polluter pays principle is one of 27 fundamental
principles adopted by the Rio Declaration (1992) on which nations
base their decisions and policies, taking into account the
environmental consequences of socio-economic development.
Adherence to this principle obliges polluters to be responsible and
bear the costs associated with the environmental pollution they
cause, including the costs of the measures taken to prevent, control
and remedy the pollution.[9]

These principles aim to promote responsible and sustainable
waste management practices and encourage people and businesses
to be more mindful of their consumption and disposal habits.

The circular economy opens up opportunities for:

« Socio-economic impact;

«  Cost savings for the business;

* Quality jobs;

+ Climate impact.

3. Municipal waste management in Europe

Municipal waste covers waste generated from households and
other sources. The overall goal is to reduce unsorted, mixed
household waste, regardless of origin.

36

Separate collection is key to sustainable waste management and
development towards a circular economy. Success requires four
elements: economic incentives, enforcement, customized facilities,
and engaging communication.

A zero waste idea is not possible without waste segregation. If
waste is separated, it is not waste, but a resource. Waste can be
separated at source — ie. the citizen sorts the waste or finally —i.e. a
waste company separates the waste after it has been mixed. When
the two options are compared, systems with separate collection at
source not only significantly outperform mixed collection in terms
of both material quality and deviation rate, but also cost less. In
separate collection at source, there are ways to optimize the process
and achieve the highest levels of material purity. Experience has
shown that separate door-to-door collection yields much better
results than separate collection in containers. European best
practices in waste management use this system. (env_wasmun,
2016)

Flanders in Belgium is the region with the highest percentage of
separate collection and recycling in Europe. Most collection is door-
to-door, and some areas use the Pay-as-you-Throw (PAYT) system,
where citizens pay according to the amount of residual waste they
produce. Flanders currently separates 75% of its waste, and some
municipalities recycle over 80%.

In Italy, more than 1,500 municipalities have adopted door-to-
door split collection and already have over 55% source separation.
20% of them (300 municipalities) have over 80% separate
collection at the source. All Italian zero-waste municipalities use the
door-to-door separate collection system.

Following the successful Italian initiative, the first door-to-door
split collection in Spain takes place in Catalonia, where more than
100 municipalities currently use this system. The success
encouraged other municipalities (Hernani and Oiartzun) to join the
zero-waste strategy and separate waste at source, and both currently
recycle more than 80% of their waste, while reducing waste
generation with measures such as home composting. Currently in
Spain, the separate collection rate for these municipalities with
door-to-door collection is almost triple that with containers.[12]

Zero Waste practices from around the world prove the
environmental and social convenience and cost-effectiveness of
door-to-door separate collection. Door-to-door collection introduced
in EU Member States varies from one container (residual waste
collection only and relying on recyclable and bio-waste delivery
systems) to six separate bins or sacks.(Fig. 3), (Table 1)

Metal

Bio-waste

Door-to-door
(single fraction) AT, BE, CZ, DE,
FI, EE, IT, HU,
LU, NL,SI, SE,
IE

AT, BE, BG, CY, DE,
DK, FI, HU, IT, LU,
LV, NL, S1

BG, FI, LU, 1V,

NLS),MT AT, LV, NL, DK

FI, NL, DK

B

Co-mingled
wplastic + metal

BE, BG, CY, DE, FR, IT, HU, LU, SI

o

3 fractions. RO, MIT: paper, plastic, metal

-allin one bin
Bring points

EL, IE: paper, glass, plastic, metal

AT, BE, DK, CY, | sE
€Z, DE, EE, ES,
FR, HR, IT, HU,
LT, PT, PL, RO,
SE, SK

AT, EE, SE

CZ, EE, ES, FR, HR,
LT, PT, PL, SE, SK ES, HR, LT, PT, PL

(all plastic/metal in one container)

o)

Civic ammig sites

Fig. 3 Overview of collection systems in place in EU countries (primary
systems only). [8]

Primary collection: €Z (metal waste), SK (metal and bio-waste], LV (metal)
‘Addition collection of all waste streams: all countries
PL: rare distribution of civic amenity sites.

Strict separate collection usually results in higher recycling
rates. Among collection methods, door-to-door collection systems
result in the highest rates of capture and recovery of recyclables.
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Table 1: Primary waste collection systems in EU countries. (Author)

Separate Door to door collection
‘Glass | Paper | Pl

Mixed Door to door collection. Bring points

Country istic | Metal | Biowaste | Glass| Paper | Plastic | Metal | Biowaste | Glass | Paper | Plastic | Metal | Biowaste

Austria

¥ 13 12 12

Legend: 1 — exist; 0 — not exists

The common household waste treatment operations are
illustrated on the Fig. 4. Data on the treatment of municipal waste
are divided into the following categories:

» Combustion (separately with and without energy recovery);

* Landfilling;

* Recycling (except composting or fermentation);

» Composting.

Fig. 4 Options for the treatment of household waste

When waste pretreatment operations - mechanical-biological
treatment (MBT) or sorting - are carried out, their results must be
allocated to one of the four types of treatment operations -
incineration, landfilling, composting or recycling as it is sown on
the Fig. 4.

Combustion

Incineration is the thermal treatment of waste in an incineration
plant. Household waste can be burned directly or after pre-
treatment. Waste incineration is often used as a quick fix to growing
amounts of municipal waste and decreasing space in regional
landfills. In reality, incineration does not solve municipal waste
problems, but creates a number of health and environmental risks
and stops the development of municipal systems for more recycling
and composting. Waste-to-energy is defined as the incineration of
waste to "recover energy" under an energy efficiency criterion, as
well as the co-incineration of waste in power plants or industrial
facilities such as cement kilns so that the resulting energy can be
used to generate heat or electricity.

Landfilling

Landfilling of waste includes its storage in or on land, including
in specially designed landfills, as well as temporary storage for
more than one year at permanent sites. Landfills are often created in
abandoned or disused quarries, mine shafts or pits. Landfilling
covers both on-site disposal and off-site disposal. Municipal waste
can be landfilled directly or after pre-treatment operations. The pre-
treatment of waste prior to its landfill must contribute significantly
to reducing the quantity or hazardous properties of the waste, to
reducing the risk to human health and limiting the harmful impact
on the environment caused by the disposal of the waste throughout
the landfill's life cycle.
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Composting

Composting and digestion are processes that subject
biodegradable waste to aerobic or anaerobic decomposition. The
products of these processes are compost or residue, which is used in
agriculture. Municipal waste can be composted and digested
directly or after pre-treatment operations.

Recycling

Recycling is a form of recovery where waste materials are
processed into products, materials or substances intended for reuse.
Household waste can be recycled directly or after pre-treatment.

The treatment of waste, its recovery or disposal begins with
preparatory activities such as mixing, repackaging, temporary
storage, etc., which change the characteristics of the waste, reduce
its volume or hazardous nature, facilitate handling and increase the
efficiency of its utilization.

Mechanical-biological treatment is a tool for pre-treating waste
before landfill or for preparing municipal solid waste to be used as
fuel. Mechanical-biological treatment plants significantly reduce
moisture by extracting, reducing and stabilizing the organic content
in the waste. These treatments include mechanical separation of the
waste, biological treatment of the organic fraction and additional
mechanical separation if necessary.

The processed waste from the mechanical-biological treatment
plants is significantly reduced in weight and stabilized. Emissions
from mechanical-biologically treated waste can be reduced by
approximately 90-98% compared to untreated waste under landfill
conditions. In some countries, mechanically-biologically treated
waste is used as landfill cover if contamination is low enough, or it
can be landfilled directly. The quality of treated waste is generally
not acceptable for widespread use due to contaminants associated
with both inert content (glass, plastic, etc.) and heavy metal content
resulting from other wastes entering the waste stream such as
batteries and etc. Other products are combustible fractions and
recyclable materials (eg metals, plastics).Different methods of
sorting and processing household waste are shown in Fig. 5 and Fig.
6.

residues

) ! !
> Sorting of mixed packings
L ,,,,,,,,,,,g,,,,,,,‘ —I—> Landfill incineration
residues
Municipal waste, § " | glass v
3 ! -
collected for —> Sorting of glass i
treatment ' ycling in glass factory or
paper factory
residues I
I | 3
—> Sorting of paper |
! "'”T""”"""""""} paper
N——

Pre-treatment ! ‘ Final-treatment ‘

Fig. 5 Sorting and treatment of municipal waste
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collected for ]
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ss. paper
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Fig. 6 Integration of pretreatment in facilities.

4. Distribution of waste treatment methods

EU member states have different approaches and practices to
the treatment of household waste. Municipal waste are usually
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landfilled, incinerated {in most cases with energy recovery),
recycled (e.g. paper, glass or metal) or composted. Recycling and
composting are generally preferred over incineration. Landfilling is
the least preferred option. According to the data of EPRS [6] the
share of recycling and composting among waste treatment methods
varies from 67% in Slovenia to 8% in Malta (EU average is 46%);
eight Member States landfill less than 5% of their municipal waste,
while eight Member States landfill over 60% of their municipal
waste (the EU average is 25 %). [1]

Another important indicator is the amount of household waste
per capita per year. It varies from 261 kg in Romania to 777 kg in
Denmark (EU average is 483 kg).

Fig. 7 + 9 present summary of information on Distribution of
waste treatment methods that are most often used in EU member
states - Landfill, Combustion, Recycling and composting.
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Fig.7 Breakdown of landfill method. (Author)
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Fig.9 Breakdown of recycling and composting method. (Author)

5.Conclusions

The growing consumption of material resources continues to
generate a large amount of waste. Waste is becoming an
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increasingly serious problem for the planet. Waste management is a
multifaceted field that will become increasingly relevant in our time
and for the future. Responsibility and commitment of every single
person in society is necessary. In order for this to happen, a new
mindset and culture must be systematically built from an early age,
so that young people can gain an understanding of recycling and be
encouraged to be responsible for waste. This implies comprehensive
scientific and scientific-applied research for many years to come.

Achieving sustainable development requires a balance between
the economic, environmental and social aspects of human activity.
Economic growth is associated with increased production, but this
leads to increased energy consumption and growth in carbon
emissions. That's why industries should focus on rational planning
and energy efficiency. The industry as a whole needs to reorient
itself from linear to circular processes that use recycled resources,
reduce waste and minimize the carbon footprint on nature.
Sustainable development is based on the idea and pursuit of
economic growth that improves the well-being of people and
society in the long term and is directly related to the need to solve
global problems related to climate change, economic, social,
environmental and demographic crises. Sustainable waste
management is an important part of modern manufacturing
processes as it helps companies achieve environmental goals and
meet regulatory requirements. Scientific research shows how waste
management can be used not only to achieve sustainable
development, but also to address a wide range of social and
environmental problems and increasingly become a factor for smart
and sustainable growth and higher competitiveness.
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Al-driven strategies for category management rofitability
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Abstract: Category Management (CM) is undergoing a transformation thanks to artificial intelligence (Al). Al automates tasks such as data
analysis, market segmentation, and demand forecasting, which streamlines and simplifies the work of category managers. It also allows the
creation of innovative strategies and campaigns that are relevant to customer needs. This paper focuses on identifying ways in which Al can
help to create innovative strategies needed to optimize prices and product lines within category management with the aim to maximize
profitability. The paper deals deeper with price optimization, where Al significantly impacts CM. Al analyzes price elasticity and suggests
optimal prices for products, which affects the maximization of profitability. Thanks to Al, category managers no longer have to rely on
manual analysis and intuition, but they can set prices with much greater accuracy and efficiency. Based on the findings and case studies in
the article, the implementation of Al in CM brings companies significant benefits in terms of efficiency, innovation, and profitability.
However, it requires strategic planning, investment in technology, and talented people. It is also important to be responsible and ethical
when using Al to avoid negative impacts on customers and society.
Keywords: CATEGORY MANAGEMENT, UMELA INTELIGENCIA, OPTIMALIZACIA CIEN, ZISKOVOST, CENOVA ELASTICITA

2. Price elasticity of demand — This measures the extent to

1. Introduction which product demand changes in response to price

In the dynamic and competitive world of business, Category changes. Products with low price elasticity are less
Management (CM) has emerged as a pivotal strategy for the success sensitive to price changes, while those with high elasticity
of retailers and manufacturers. CM transcends the realm of ordinary are more sensitive. Understanding price elasticity allows
product management and focuses on strategic planning for product managers to predict demand changes based on price
categories to maximize profitability and customer satisfaction. adjustments.

CM is undergoing a profound transformation driven by 3.  Competition — Category managers must consider
advancements in Artificial Intelligence (Al), which opens up new competitive product prices when setting their own. If
possibilities for optimizing pricing, product assortments, and overall competitors offer lower prices, customers may switch to
category strategy. This article explores the intersection of Al and their products. Conversely, higher competitive prices may
CM and summarizes its impact on the work of category managers in attract customers to the company's products.
the future. 4. Customer expectations — Understanding customer price

This transformation presents both opportunities and challenges expectations is crucial for maximizing product line
for category managers. They must learn to utilize Al-powered tools, profitability. If a product's price is too high, customers may
interpret complex data analytics, and adapt their strategies to rapidly not buy it. Conversely, if the price is too low, they may
changing market conditions. perceive the product as low quality.

Traditional CM methods relied on intuition and manual data
analysis, which was time-consuming and error-prone. Al introduces Factors affecting price elasticity of demand:
sophisticated algorithms and tools to process massive amounts of 1. Product type — Basic products like bread and milk typically
data from various sources, including sales, prices, inventory, have low price elasticity, while luxury items like jewelry
marketing campaigns, and online reviews. With real-time analysis and cars often have high elasticity.
and predictive models, category managers gain deep insights into 2. Availability of substitutes — If multiple product substitutes
the market, customers, and competitors, enabling them to make exist, demand for that product is likely more elastic.
more informed and strategic decisions. Conversely, with fewer substitutes, demand is less elastic.

CM s a strategic tool with significant benefits for retailers and 3. Product importance to consumers — If a product is highly
manufacturers. Implementing CM can lead to revenue growth, important, demand is likely less elastic. Conversely, for
increased profitability, enhanced brand image, and stronger less important products, demand is more elastic.
customer loyalty. In the era of Al, CM becomes an even more 4. Time horizon — Price elasticity may vary depending on the
powerful tool, empowering businesses to make informed and time frame. In the short term, demand may be less elastic,
strategic decisions for sustainable growth and success. while in the long term, it may become more elastic [1, 7].

2. The significance of pricing in CM 3. Practical applications of price elasticity in CM

Category management is a strategic approach to managing Category managers can implement various pricing strategies to

product categories in retail. It aims to maximize -category maximize profitability and achieve category goals by understanding
profitability and market share by optimizing product assortment, price elasticity. This section delves into various pricing strategies
pricing, promotion, and distribution. Category managers collaborate  and their practical applications in CM.

with suppliers to achieve shared goals and ensure that category Penetration pricing involves setting a low initial price to gain
products meet customer needs. rapid market penetration and acquire a large customer base. The

Price is a crucial factor influencing product demand and goal is to attract a significant number of customers and establish a

category profitability. Lowering a product's price can lead to strong customer foundation. While initial profits may be lower, this
increased demand but also reduced profit margins per unit. strategy can lead to higher overall profitability in the long run if a
Conversely, raising the price can decrease demand but potentially substantial market share is achieved. This strategy is primarily
increase profit per unit. suitable for new products, products with high price elasticity of
Category managers must consider various factors when setting demand, and products with high growth potential. Low prices not
prices to find the optimal price that maximizes category  only motivate customers to buy but also stimulate demand and drive
profitability. These factors include: rapid sales growth.

1. Cost of production and distribution — Category managers In contrast to penetration pricing, skimming pricing involves
must consider all costs associated with producing and setting a high initial price to maximize profits from products with
distributing the product, such as materials, labor, high price elasticity of demand. The objective is to capitalize on the
transportation, and marketing. willingness of price-inelastic consumers to pay a premium for the

product. Later, the price can be reduced to attract price-sensitive
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consumers and increase overall sales volume. This strategy is
primarily used for luxury products, high-value products, and
products with low price elasticity of demand. Essentially, this
strategy is suitable for products where demand is not significantly
affected by price. Instead, price can strengthen the product's
perceived value and increase its attractiveness to customers. Price-
inelastic consumers are willing to pay a high price for luxury
products.

Skimming pricing involves setting a high initial price for a
product and gradually lowering it over time. The goal is to
maximize profits from products with high price elasticity of demand
in the initial phase while attracting price-sensitive consumers in
later stages of the product's life cycle. Unlike the previous strategy,
skimming pricing is primarily used for new products with a high
degree of innovation, where demand for the product is very high in
the initial market entry phase, and customers are willing to pay a
high price due to the high value they perceive in the product. This
type of strategy is particularly suitable for ICT products and their
systematic advancement through the innovation process.

Psychological pricing utilizes various psychological factors that
influence customer price perceptions to make products appear more
attractive. Price determination assumes that the price will be
perceived as more appealing to the customer.

One example of psychological pricing is the "Bata price”,
introduced by the renowned Czech entrepreneur Tomas Bat’a.

In this strategy, it is crucial that prices align with the overall
pricing strategy and customer expectations. Excessive use of
psychological pricing can lead to customers perceiving prices as
unrealistic or manipulative ("Bata prices" are becoming less
effective). Therefore, it is necessary to test various psychological
prices to determine the most effective ones for a given product
category and target customer group.

While previous strategies focused on long-term price setting,
promotional pricing involves temporarily lowering a product's price
to promote the sale of specific products. The goal is to stimulate
demand and increase sales in a short period. Promotional prices are
often used to clear out excess inventory or introduce new models.
This strategy is also applicable to seasonal products where the seller
aims to increase revenue during the season. As the name suggests,
promotional pricing is suitable for introducing new products to the
market. To attract customer attention to new products, a "promo"
price is set instead of or in conjunction with additional promotional
materials, stimulating customers to purchase and try the new
product. The most critical factor in using promotional pricing is to
clearly communicate prices to customers and ensure they are time
limited.

Personalized pricing involves setting product prices based on
individual customer characteristics such as their purchasing habits,
demographics, and interests. The goal is to maximize profit from
each customer and build long-term relationships. Personalized
pricing is becoming increasingly common as customer data
becomes more accessible and artificial intelligence technologies
advance.

This pricing strategy must adhere to data privacy regulations
and protect customer privacy. It is the responsibility of every seller
to ensure prices are transparent and customers understand how
prices are determined. Optimal personalized pricing also involves
identifying the most effective prices for specific products, product
lines, and target customer groups.

This pricing strategy is most used in online environments,
particularly e-commerce stores, where different product prices are
displayed to different customers based on their purchase history and
viewed products. The final pricing strategy discussed in the article
is differentiated pricing. This strategy involves setting different
prices for the same product to different customers or in different
markets. The goal is to maximize profit from each sale and adapt to
varying market conditions. Differentiated prices are often used
based on various factors specific to a customer segment. Pricing is
influenced by the customer's geographic location, with prices
potentially varying depending on region, country, or even city.
Local market conditions, competition, and purchasing power all
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play a role in determining the appropriate price for a specific
location.

Customer volume can also influence pricing. Businesses may
offer discounts for larger purchases, encouraging bulk buying and
increasing overall revenue. The channel through which a product is
sold can also impact pricing. Online retailers may offer lower prices
compared to physical stores due to lower overhead costs. Pricing
strategies may evolve throughout a product's lifecycle. Initially,
higher prices may be set to recoup development costs, while lower
prices may be introduced later to attract a wider audience.

Businesses must ensure that differentiated pricing practices do
not constitute price discrimination, which involves charging
different prices based on prohibited factors like race, religion, or
nationality. Clearly communicate pricing policies and the rationale
behind  differentiated  pricing to customers to avoid
misunderstandings and maintain trust. Pricing practices should be
fair and non-deceptive, avoiding misleading or hidden charges that
could disadvantage certain customer groups.

When implemented strategically and responsibly, differentiated
pricing can be a powerful tool for businesses to maximize
profitability, expand market reach, enhance customer satisfaction,
and adapt to dynamic market conditions. By carefully considering
customer segments, market characteristics, pricing objectives, and
legal and ethical guidelines, businesses can leverage differentiated
pricing to achieve their strategic goals and drive sustainable growth
[2,3].

4. Leveraging Artificial Intelligence in CM

Al has the potential to revolutionize the field of CM. Al tools
and algorithms can analyze vast amounts of data on customers,
products, competitors, and market trends, providing category
managers with valuable insights for optimizing pricing and product
assortments. This chapter delves into the intersection of Al and CM
in the areas of pricing and product assortment optimization.

Al can significantly enhance pricing strategies by analyzing
price elasticity. Al algorithms can scrutinize historical sales and
pricing data to identify factors that influence product demand. This
empowers category managers to set optimal prices that maximize
profitability and cater to customer needs.

Al models can accurately predict future product demand based
on various factors, including seasonal trends, marketing campaigns,
and economic conditions. This enables category managers to
optimize inventory levels, preventing stockouts or overstocking.

Al tools can analyze individual customer profiles and
purchasing habits to offer personalized pricing. This personalized
approach can boost customer satisfaction and drive sales growth.

Al algorithms can analyze sales, profitability, and margin data
for individual products to identify underperforming items. This
allows category managers to optimize product assortments, focusing
on products with high profit potential.

Al-powered pricing automation involves dynamically adjusting
prices in real-time based on various factors, such as competitor
pricing, product demand, and inventory availability. This
automation saves category managers time and resources while
ensuring optimal pricing [4, 5].

Table 1. Practical applications of Al in CM

Company Al applications
Personalizes product prices for each
Amazon customer based on their purchase history
and preferences.
Walmart Predicts prqduct demand and optimizes
inventory levels.
Procter & Analyzes price elasticity and sets optimal
Gamble prices for its products.
Develops personalized marketing
Coca-Cola campaigns and optimizes product
distribution.
. Analyzes online reviews and customer
Unilever . .
feedback to improve products and services.
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The integration of Al into CM offers a multitude of advantages,
including:

1. Enhanced Profitability — Al empowers category managers
to maximize profitability by optimizing pricing and
product assortments. Al algorithms can analyze vast
amounts of data to identify optimal price points and
product mixes that align with customer demand and
market trends, leading to increased revenue and profit
margins.

2. Elevated Customer Satisfaction — Al enables category
managers to deliver personalized experiences that
enhance customer satisfaction. By analyzing customer
data and purchasing patterns, Al can tailor product
recommendations, pricing strategies, and marketing
campaigns to individual customer preferences, fostering
loyalty and satisfaction.

3. Improved Efficiency — Al streamlines processes and
automates tasks, saving category managers time and
resources. Al-powered tools can handle repetitive tasks
such as data analysis, price adjustments, and inventory
management, allowing category managers to focus on
strategic decision-making and value-added activities.

4. Enhanced Decision-Making — Al provides data-driven
insights that inform strategic decisions. Al algorithms can
analyze vast amounts of data to identify trends, patterns,
and correlations, enabling category managers to make
informed decisions about pricing, product assortments,
marketing strategies, and overall category management
strategies.

5. Increased Competitiveness — Al empowers category
managers to stay ahead of the competition. By leveraging
Al for data analysis, pricing optimization, and
personalized customer experiences, category managers
can gain a competitive edge, attract and retain customers,
and achieve sustainable growth [6].

5. Conclusion

Each Artificial intelligence (Al) holds immense potential to
revolutionize Category Management (CM) practices in the future.
As Al continues to evolve and innovate, category managers can
expect to gain access to even more sophisticated tools and
algorithms that empower them to achieve strategic goals.

Al is poised to enable category managers to create customized
pricing offers and marketing campaigns for each customer based on
their unique buying behavior, preferences, and demographics. Al
models will also accurately predict product demand in real-time,
allowing category managers to optimize inventory levels and
minimize losses.

Dynamic pricing algorithms will adjust product prices based on
various factors, such as competitor pricing, demand, and inventory
availability, ensuring maximum profitability. Advanced data
analytics will empower category managers to analyze vast amounts
of data from diverse sources, gaining valuable insights into market
trends, customer behavior, and competitive landscapes.

Al assistants will serve as intelligent partners, assisting category
managers in tasks like information retrieval, data analysis, and
decision-making.

The adoption of Al in CM will bring significant benefits to
businesses in terms of efficiency, competitiveness, and profitability.
However, it is crucial to emphasize that Al serves as a tool to
augment category managers, not replace them. The human element
will always play a pivotal role in strategic category management
and building strong customer relationships.

Al stands as a powerful catalyst with the potential to elevate
CM to new heights. By responsibly and ethically embracing Al,
category managers can look forward to a future brimming with
innovation, growth, and success.
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Robotic Applications in Medical Science: Current Advances and Future Prospects
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Abstract: Over the past four decades, the field of medical robotics has achieved remarkable advancements, revolutionizing various medical
disciplines. The widespread adoption of robotic platforms across various medical disciplines has been remarkable. Currently, these devices
play a crucial role in performing minimally invasive surgical procedures with enhanced precision, resulting in reduced hospitalization
and increased safety for physicians. Beyond surgical applications, medical robots are increasingly proving their worth in performing routine
tasks, thereby enabling less invasive and more informative diagnostic and therapeutic procedures. Furthermore, the integration of artificial
intelligence (Al) holds great promise for developing new systems with higher autonomy levels and improving existing ones. This paper
describes a short view on history of the development of robotics from the beginning to the current state along with a brief outline
of the future direction of development of medical robotics. At first describes the process of development from the first medical robotic device
prototype to the modern minimally invasive surgical devices currently used in medical practice. Then it presents expansion of robotics into
other medical fields, including ophthalmology, gastroenterology, cardiology and cardiac surgery, physiotherapy, or radiology. Finally,
it describes some perspectives for future development in medical robotics, as well as the obstacles, that need to be overcome to improve
the efficiency and level of autonomy, in the systems.

Keywords: MEDICAL ROBOTS, SURGERY, INVASIVE INTERVENTION

; SOCRATES, enabling a surgeon in New York to perform
1. Introduction the procedure on a patient hospitalized in Strasbourg, France [5].

The concept of robot dates back to 1921, when Czech writer Although ZEUS was not the pioneering effort in telepresence
Karel Capek introduced it in his play, inspired by the Czech word  surgery, earlier systems like Intuitive Surgical “Lenny" and "Mona"
"robot" meaning forced labour [1]. Initially confined to industry, ~ paved the way for its development. However, it was the ZEUS
robotics has expanded into various sectors, including medicine, ~ system's advanced capabilities and successful implementation
driven by the automation and efficiency principles  in complex surgeries like Operation Lindberg that proved its status
of Industry 4.0 [2]. as a major milestone in telepresence surgery [1, 6].

Over the past 35 years, robots have been pivotal in aiding The turn of the millennium was a significant moment
surgeons during minimally invasive procedures, leading for medical robotics, mainly due to the Da Vinci Surgical System.
to enhanced patient outcomes. However, the origins of medical This period, often referred to as the "da Vinci era", brought
robotics extend further, with the initial concept emerging over a revolution in minimally invasive surgery. Even though the first Da
60 years ago in the military. During this period, robots were used Vinci model was commercially available in late 1998, it did not get
to monitor vital signs and prevent hemorrhagic shock in the critical ~ FDA approval until 2000. Before the Da Vinci system, there were
"golden hour" after injury [1]. This article explores the evolution projects like DARPA at Stanford Research Institute trying to make
of robotics in medicine, its current applications across diverse  remote-controlled surgery a reality, getting surgeons closer to where
medical fields, and the most promising areas for future  they were needed. However, the Da Vinci was a game-changer

advancements. with its three key parts: a patient cart, a surgeon console,
and an imaging system. These components enabled surgeons
2. History of Robotics in Medicine to concentrate more effectively during procedures, thus minimizing

their fatigue [1].
The field of surgical robotics has a remarkable history marked

by significant milestones. In 1985, the introduction One of the groundbreaking features of the Da Vinci system was
of the Programmable Universal Machine for Assembly (PUMA) its 3D endoscope equipped with an advanced optical system. This
started a new era, facilitating delicate biopsies within neurosurgery ~ innovation eliminated the need for 3D glasses, delivering a truly
and subsequently expanding its applications to other disciplines ~ immersive 3D experience for surgeons. Recognizing the challenge
such as urology and gynecology [3]. Building upon PUMA's posed by hand tremors, a four-armed version of the Da Vinci was
success, 1992 witnessed the debut of Robodoc, a pioneering image-  introduced in 2002. This not only improved dexterity but also
guided system tailored for orthopedic surgeries. Robodoc ~ Preserved the surgeon's energy. The company's dedication
transformed orthopedic surgery by offering h|gh accuracy, to Ongoing enhancement led to the release of the da Vinci S in 2006,
particularly for procedures involving intricate bone work [4].  which offered a significant upgrade with 3D high-definition (HD)
Furthermore, in 1994, the Automated Endoscopic System for camera vision among other benefits. Subsequent iterations included
Opumai Positioning (AESOP) was introduced. This system the improved da Vinci Si model in 2009, which introduced
revolutionized endoscopic procedures with its innovative  the concept of dual console surgery, facilitating supervised training
integration of voice control technology. This groundbreaking  for less experienced surgeons [1].

platform eliminated the need for foot pedals traditionally used for
remote control, significantly enhancing surgeon dexterity and
control during minimally invasive surgeries [1].

Other improvements included real-time fluorescence imaging
and access to single-port surgery, which tackled the shortcomings
of traditional laparoscopic procedures. The peak of this progress

Introduced in 1998, the ZEUS system revolutionized the field ~ came with the da Vinci Xi, revealed in 2014 (Fig. 1). This system
of telepresence surgery with its innovative design. It consisted  tackled many of the remaining issues regarding patient positioning
of three independently mounted arms on the surgical table, two and robotic arms, while also introducing new technologies that keep
of which could hold various surgical instruments, the ZEUS system  Ppushing the boundaries of robotic surgery [1].
offered unparalleled flexibility and control for surgeons. Its impact
transcended various surgical disciplines, initially finding utility
in gynecological procedures, and later expanding to complex
cardiac surgeries [1]. Notably, it played a pivotal role in "Operation
Lindberg", the transatlantic surgery conducted in 2001. This
groundbreaking operation utilized a telecollaboration system called
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Fig. 1 The da Vinci Xi Model - Surgeon Console [1]

3. Key Applications of Robotics in Modern Medical
Practice

The current state of medical robotics showcases advancements,
highlighting its potential to revolutionize healthcare. Its impact
spans beyond surgery permeating various specialized areas
within internal medicine and expanding its utility to broader aspects
of healthcare delivery.

The da Vinci Xi surgical system addresses many limitations
of previous models, particularly those related to patient access
and instrument manipulation. This advanced platform has several
upgrades that enhance robotic surgery. With improved instrument
design and vision, the system offers advanced instrumentation,
superior 3D-HD visualization with high  magnification,
and an immersive viewing experience. This allows surgeons greater
control over the 8mm endoscope for precise maneuvering.
Enhanced Dexterity and Flexibility are offered by redesigned
robotic arms, which provide a wider internal range of motion,
improving access to the surgical site and minimizing external arm
collisions during operation. All the technologies are integrated
for optimized workflow [1].

The da Vinci Xi integrates FireFly fluorescence imaging, which
aids surgeons in real-time decision-making during procedures.
Additionally, the In-table Motion (ITM) feature enables dynamic
patient repositioning throughout the surgery. Streamlined workflow
is provided by designed entry ports (robotic arms) and improved
robotic stapling to further enhance surgical efficiency [1]. Robotic-
assisted surgery is rapidly gaining traction due to its ability
to overcome the inherent limitations of traditional laparoscopy. This
technology has demonstrably proven significant benefits in various
surgical fields, particularly visceral surgery, urology, and colorectal
surgery [7, 8].

Robotic-assisted surgery with the da Vinci system has
revolutionized minimally invasive procedures. Compared
to traditional laparoscopy, it offers advantages for complex

abdominal wall reconstruction during hernia operations. Similarly,
in gynecology, it proves beneficial for technically demanding
surgeries, such as specific cancer and endometriosis treatments.
The evolution continues with the da Vinci Single-Port (SP)
platform, FDA-approved in 2018 for urological applications. This
innovative platform allows surgeons to perform complex urologic
procedures through a single incision, potentially leading
to improved cosmesis, reduced pain, and faster recovery
for patients [1].

While the da Vinci system dominates the robotic-assisted
surgery market, several companies are developing competing
technologies. Transenterix's Senhance platform offers features like
enhanced ergonomics and haptic feedback for surgeons. REVO-I
surgical system, developed by Meere Company South Korea
and approved by the Korean FDA, seeks a very cost-effective
model [1, 10]. The other such contender is Titan Medical's SPORT
(Single Port Orifice Robotic Technology) system, in 2020
rebranded to the Enos system currently under development [9, 10].
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In addition to established players, several companies such as Auris
Surgical Robotics, Silicon Valley, CA, USA (with their Monarch
system), Cambridge Medical Robotics (Versius), MiroSurge,
and Avatera Robotics GmbH (Avatera Surgical System) are also
actively engaged in the development of robotic surgery
platforms [10].

The future of robotic-assisted surgery lies in enhancing
the surgeon's experience and optimizing patient outcomes.
Companies are actively developing improved human-machine
interfaces (HMIs) to prioritize surgeon comfort, safety,
and decision-making during procedures. This includes the exciting
integration of modern technologies and Atrtificial Intelligence (Al).
Al has the potential to provide surgeons with richer data
from the operating field, potentially leading to more informed
decisions and improved surgical outcomes [10].

3.1 Ophthalmology

Ophthalmology, particularly ophthalmic surgery, is emerging
as another field embracing robotic and cybersurgical techniques.
While this technology is a recent addition to the field, several
platforms are already making an impact. Existing robotic systems,
like the da Vinci system, are being adapted for microsurgical steps
like sclerotomy, the Intraocular Robotic Interventional Surgical
System (IRISS) assists with various ocular procedures like
capsulorhexis and vitrectomies, the Johns Hopkins Steady-Hand
Eye Robot offers shared control of surgical instruments during
posterior segment surgeries. Advanced smart instruments are being
developed to enhance technical performance and minimize surgical
complications. While not yet integrated into ophthalmology,
cybersurgery remains a prominent subject of discussion
and research. Several projects are underway to develop miniaturized
surgical robotic prototypes for potential future applications [11].

3.2 Gastroenterology

In gastroenterology, endoscopy has long been the standard
for visualizing the digestive tract. However, capsule endoscopy has
emerged as a less invasive alternative. These pill-sized cameras
offer a convenient way to examine the gastrointestinal (Gl) tract.
Numerous companies, such as Medtronic (PhillCam series),
Olympus (EndoCapsule), and Intro-Medic (MiroCam), now
produce capsule endoscopes. The future lies in capsule robotics,
which takes capsule endoscopy a step further. These advanced
capsules go beyond diagnosis, potentially offering therapeutic
capabilities. The following sentences offer a glimpse
into the potential of capsule robots. Sensing Capsules can gather
various data within the Gl tract, including temperature, pH levels,
and potential signs of cancer or bleeding. Targeted Drug Delivery
can be managed by microcapsules like SOMA and IntelliCap can
deliver medication directly to specific areas of the Gl tract
for a sustained release effect. Future capsule robots might perform
minimally invasive procedures like gastric bleeding treatment, ulcer
intervention, or even eradication of Helicobacter pylori
with photodynamic therapy. Challenges remain, however, the power
supply, localization within the gut, and safe navigation are key
challenges to overcome. Microrobot development holds promise
for addressing these challenges and expanding the possibilities
of capsule robotics in the future [12].

3.3 Cardiology and Cardiac Surgery

The field of cardiology is exploring the exciting potential of soft
robotics. These next-generation devices are being developed
to address damaged heart tissue, offering a potentially
groundbreaking treatment option. However, significant challenges
lie ahead. Mimicking the complex biomechanical and hemodynamic
properties of a healthy, beating heart is no easy task. Researchers
are actively working to optimize these soft robots to ensure they
function seamlessly within the human body [13]. Interventional
cardiology is another area where robotics holds promise. A recently
introduced soft robotic platform offers a minimally invasive
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approach to cardiac procedures. This innovative device collapses
for insertion through small openings and then expands and locks
securely within the heart. This platform has the potential
to revolutionize interventional cardiology by enabling a wider range
of minimally invasive procedures and potentially reducing
healthcare costs associated with more complex procedures.
However, the platform's safety and efficacy need to be validated
through in vivo testing before widespread application can be
considered [14].

3.4 Orthopedics

Robotic surgery is revolutionizing orthopedic procedures,
offering several key advantages. By enhanced precision robotics
minimizes errors, leading to more accurate surgeries and improved
outcomes. With personalized treatment, robotic systems allow
surgeons to tailor procedures to a patient's unique anatomy.
Employing minimally invasive techniques, facilitates smaller
incisions, thereby leading to quicker recovery times and diminished
pain for patients. Robotic assistance ensures precise implant
positioning for optimal functionality. Several innovative robotic
systems are currently used in orthopedic surgery, each offering
distinct benefits. MAKO System (Stryker) excels in joint
replacement surgeries, promoting accurate implant placement.
ROSA (Zimmer Biomet) provides guidance for various procedures,
including spine surgery. NAVIO (Smith & Nephew) aids surgeons
in knee surgeries, enhancing precision and potentially improving
patient outcomes. MAZOR X Stealth EditionTM (Medtronic)
assists with precise screw placement during surgery. Stryker Mako
Total Hip Arthroplasty System optimizes total hip replacement
surgery for improved results [15].

3.5 Advanced Rehabilitation and Physiotherapy
Techniques

Robotics is making significant strides in physiotherapy
and rehabilitation, offering innovative tools to support healthcare
professionals. These robotic systems aid patients with various
conditions, including injuries, stroke, and neurological or
musculoskeletal diseases. Continuous Passive Motion (CPM)
technology facilitates rehabilitation after orthopedic surgeries,
for instance, by improving knee flexion recovery following total
knee replacement. Electromagnetic Tracking Systems (ETS)
represent a newer and more user-friendly approach. ETS utilizes 3D
limb kinematics measurement to provide a more comprehensive
evaluation for patients undergoing ACL reconstruction, both before
and after surgery. Robotic gait training devices are particularly
beneficial for patients with spinal cord injuries, assisting with gait
training and enhancing body weight support during
neurorehabilitation therapy. By incorporating these robotic
technologies, healthcare professionals can potentially improve
patient recovery times, enhance treatment effectiveness,
and empower patients on their path to regaining function [16].

Beyond hospital  settings, home-based rehabilitation
technologies are empowering patients to continue their recovery
journey at home. These innovative tools offer several advantages.
Inertial Sensors track joint movement during exercise, providing
valuable data for rehabilitation programs. Telehealth Applications
through video conferencing platforms enable patients to continue
therapy sessions remotely with healthcare professionals.
Commercial gaming technology can be also incorporated
into rehabilitation exercises, enhancing motivation and engagement.
The future holds even more promise with the potential of virtual
reality (VR). VR technology holds the potential to personalize
treatment plans, enhance motivation, and monitor patients' progress
over time [16].

By combining these home-based technologies with in-hospital
robotic advancements, healthcare professionals can create
a comprehensive rehabilitation ecosystem that supports patients
throughout their recovery journey.

3.6 Radiology

Al is already making waves in radiology, and its future potential
in interventional radiology (IR) is particularly exciting. This field
stands to benefit significantly from the integration of robotics,
which can be broadly categorized into navigation and robotic
systems. Navigation Systems guide instruments during IR
procedures, enhancing accuracy and potentially reducing radiation
exposure for both patients and medical staff. Robotic Systems
provide active guidance for instruments used in both percutaneous
(through the skin) and endovascular (within blood vessels)
procedures. CT-guided interventions are a prime example of how
robotics is improving IR. For percutaneous procedures like biopsies,
ablations, and infiltrations, robotic CT systems can improve
accuracy, by leading to more precise instrument placement,
and reduc e radiation exposure by precise movements, which may
minimize the need for repeat imaging, lowering radiation dosage.
Maxio (Perfint Healthcare) and iSYS (iSYS Medizintechnik
GmbH) are currently the leading robotic CT systems used
for image-guided interventions. MRI-guided robotic procedures
are also gaining traction, offering diverse clinical applications.
However, limited patient access to the MRI scanner remains
achallenge. While significant progress has been made,
incorporating robotics into routine endovascular procedures is still
a hurdle. The future of IR is undoubtedly intertwined with robotics.
However, further development is necessary to overcome technical
limitations and ensure seamless integration into various IR
procedures [17].

4. Current State of Autonomy in Medical Robotics

The increasing role of Al in medical robotics is also leading
to a rise in the autonomy of these devices. Surgical robot autonomy
has been categorized into six levels (Table 1).

Table 1 Six levels of autonomy in medical robotics, currently used in clinical
care: level 0 - no autonomy, level 1 — 3, higher levels of autonomy — level 4 -
5 [20]

Autonomy level Description

Level 0 (No
Autonomy)

The surgeon has complete control, manipulating
the robot with no assistance. (Current Standard)

Level 1 (Robotic
Assistance)

The surgeon interacts with the robot for guidance or
support during tasks, maintaining full control

The robot can perform specific tasks after receiving

Level 2 (Task instructions from the surgeon (e.g., tip retroflexion

Autonomy) in magnetic colonoscopy).
Level 3 The surgeon sets parameters for a task, and the system
(Conditional can define specifics autonomously (e.g., advanced
Autonomy) suturing in abdominal surgery).
Level 4 (High The robot interprets pre-operative and intra-operative
data to develop an intervention plan, then executes
Autonomy) I .-
it with surgeon supervision.
Level 5 (Full The robot performs surgery entirely on its own,
Autonomy) without human input.
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Currently, surgical robots in clinical use operate at the Level 3
(Conditional Autonomy) stage. However, the future holds promise
for higher levels of autonomy, particularly in organ and tumor
resections. This has the potential to improve surgical outcomes
through minimally invasive procedures [20].

5. Future: The Increasing Role of Al in Medical
Robotics

Al plays an increasingly crucial role in medical robotics. By
integrating new Al-powered assistance systems, these robots are not
only enhancing medical interventions but also progressing toward
greater autonomy. The COVID-19 pandemic served as a significant
test for Al applications in healthcare. Al proved valuable
in managing the crisis by reducing pressure on healthcare workers
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and minimizing patient contact. Al-powered tools like chatbots
helped manage patient inquiries and basic screening, alleviating
some of the workload on overwhelmed staff (Fig. 2). Chatbots
and interactive robots like CRUZR helped screen visitors, take
temperatures, and interact with them, reducing the risk of infection

from close contact [18].
=t
il =

]

Self-checking i o;
services . ""g, B
A0 ==
£ ‘ Tele-presence

robot

Tele-surgery

Fig. 2 Different available telehealthcare devices [18]

The future of neurosurgery holds immense promise for Al
integration. Al has the potential to revolutionize this field not only
by enhancing surgical accuracy but also by optimizing pre-operative
care and improving peri-operative care. Al-powered navigation
systems and robotic assistants can improve precision during
surgery. Complex data analysis powered by Al can help identify
patients who are most likely to benefit from surgery, leading
to more targeted treatment plans. Al can contribute to more efficient
and cost-effective peri-operative care, potentially even paving
the way for new treatment strategies. However, significant obstacles
remain before widespread adoption. Further validation studies
are needed to solidify the efficacy and safety of Al-driven
approaches in neurosurgery. Ethical concerns surrounding Al use
in medicine, such as bias and transparency, need to be carefully
addressed. The high cost of developing and implementing Al
technologies presents a practical challenge [18]. Despite these
challenges, the potential benefits of Al in neurosurgery
are undeniable. Continued research and development are pivotal
in overcoming these obstacles and enhancing a new era of Al-
powered neurosurgery.

6. Discussion

The field of medical robotics has seen explosive growth over
the past few decades, with research papers on the topic increasing
exponentially since 1990 [21]. While initially focused on surgery,
robotic systems, and even Al are now utilized across various
medical specialties. This integration offers significant advantages
for patients, surgeons, and the entire healthcare team. Despite
the lack of comprehensive clinical trials definitively demonstrating
improved surgical outcomes, reduced costs, or better patient results
compared to traditional techniques, robotic surgery offers several
potential advantages for both patients and surgeons. Patients may
experience faster recovery times, fewer re-operations, and reduced
blood loss, leading to shorter hospital stays. For surgeons, robotic-
assisted surgery can minimize physical and mental strain, reduce
back pain, and significantly lower radiation exposure during
procedures employing intraoperative imaging. Capsule robots hold
immense promise for revolutionizing Gl tract diagnosis. These
miniaturized robots could significantly reduce the invasiveness
of diagnostic ~ procedures, minimizing  patient  discomfort
and potentially eliminating the need for open bowel surgery in some
cases. Robotic-powered rehabilitation prostheses and rehabilitation
robots significantly enhance post-stroke, spinal cord injury,
and neurological disease rehabilitation, leading to improved patient
outcomes such as increased mobility, greater independence,
and reduced recovery times. The future of interventional radiology
and cardiology holds immense promise for robotic assistance
systems. These advancements have the potential to revolutionize
intervention techniques, dramatically reducing the need for open-
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heart and neurosurgical procedures. Soft robotic development can
improve the quality of life of cardiac patients in the future.
The growing integration of Al with preoperative and intraoperative
imaging and sensing technologies is empowering robotic systems
to perform tasks with increasing autonomy. This allows surgeons
to intervene less frequently, paving the way for a future of more
automated robotic surgery.

7. Conclusion

The field of medical robotics has undergone tremendous
progress in recent decades. Its applications have expanded far
beyond surgery, reaching various medical fields thanks
to advancements in medical science. This evolution has resulted
in benefits like greater precision and minimally invasive procedures
for patients, along with enhanced safety for surgeons. Additionally,
the integration of Al with these modern technologies holds
immense promise for further refinement of existing procedures
in the future.
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Possibilities of joining metals and CFRP/GFRP composites
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Abstract: The paper discusses the possibilities of joining thin-walled metals and composites reinforced with bidirectional carbon/glass
fibres. The experimental part of the paper contains metallographic sections and results of load-bearing capacity testing of pilot metal-
composite joints with thermoplastic matrix and glass and carbon fiber reinforcement, formed by thermal drilling technology. As a result, a
sequential joining method is proposed which can achieve the optimum joint geometry with a hem to keep the joint from opening under tensile

stress.

Keywords: METAL — COMPOSITE JOINING, MECHANICAL JOINING, CFRP, GFRP, THERMAL DRILLING

1. Introduction

The need for joining dissimilar materials is a response to the
demands of creating ultra-lightweight structures, usually custom-
made, where different materials are used in different zones of the
product to fully exploit their potential [1-8].

In many applications where the weight and load capacity of the
structure is a critical factor, the material design takes into account
"specific strength”, which is the strength-to-weight ratio of the
material, rather than simple mechanical strength. Al, Mg, Ti alloys,
as well as epoxy matrix composites reinforced with various types of
continuous bidirectional fibres (glass, carbon, aramid) are excellent
for use in the design of ultralight materials according to this
characteristic. These materials, together with different grades of
progressive steels, need to be combined into functional units, which
brings new challenges due to the different material nature.

The possibilities of joining metals and composites can be
divided into two main categories, Fig. 1.

metals —
composites
mechanical
joining

adhesive bonding

[ With fastener ] [Without fastener]

a
)

screw ]

using adhesive without adhesive
(using

clinching ]

thermal drilling ]

US assisted pin
joining

Fig. 1 Metals — composites joining methods overview [8]

Either mechanical fasteners or adhesives, or a combination of
both, are used to join composites to metals. Mechanical fasteners
may be rivets, pins, bolts, etc. When adhesive bonding of
composites and metals, various physical treatments of the surface of
the composites are used to improve adhesion, or the metal and
composite are bonded together without the use of an adhesive, only
through the heated thermoplastic matrix of the composite.

The paper focuses on the verification of the possibility of
making joints of aluminium alloy and composites with
thermoplastic matrix reinforced with continuous fibres in two
directions by thermal drilling technology. The joint is to be made
without the use of a screw (bolt), only by means of a metal bushing
made of aluminium alloy, without disruption of the fibres in the
composite material. The process of thermal drilling and joint
formation will be carried out at temperatures above the melting
temperature of the thermosoftening matrix of the composite to
allow the fibres to deflect from their position and allow penetration
of the tool without breaking the integrity of the fibres, Fig. 2. The
joints geometry was investigated metallographically, and the load-
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bearing capacity was determined by tensile shear testing of single
lap joints.
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Fig. 2 Making holes by cutting or drilling (left) and by deflecting the fibres
without breaking (right) [21]

2. Materials and methods
The following materials were used for the research:
Metal:

e Aluminium alloy EN AW 6082 T6 (AISi1MgMn), 1 mm thick
sheet (hereafter Al).

Composites:

e polypropylene matrix composite reinforced with glass fibre, 1.5
mm thick organosheet (hereafter PP-GF)

e polypropylene matrix composite reinforced with carbon fibre,
1,5 mm thick organosheet (hereinafter PP-CF)

A bench drill machine and a Flowdrill long @ 5.3 mm tool were
used for joining the selected materials. The shape and dimensions of
the test joints were determined based on the diameter of the
Flowdrill tool according to 1SO 12996:2013 and are shown in Fig.
3.

110

e — o g —=
EJB’
< : =

Fig. 3 Shape and dimensions of the test joints

The procedure for making the joints was as follows: heating
the fixture and the materials to be joined in the furnace to 170°C,
transferring the fixture and materials to the drilling machine (the
temperature after removal from the furnace is maintained locally
with a heat gun), fixing, drilling of the overlapped materials, with
the Al sheet in the upper position of the joint.

After the joints formation, the geometry of the joints was
investigated metallographically and the load-bearing capacity of the
joints was tested on a universal tensile testing machine at a loading
rate of 10 mm.min™,
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2. Results

The metallographic section of the Al - PP GF joint is shown in Fig.
4.

Al alloy

Short thick
bushing

Fig. 7 Metallographic section of the Al - PP CF with hem

The figure shows that the joining of Al with the carbon fibre
composite did not produce a long enough bushing. This resulted in
the formed hem also not being sufficient, so we decided to try the
sequential drilling and joining method.

To create a longer bushing, long enough to form a hem, the
sequential joining method was tested, which consists of the
following steps:

Fig. 4 Metallographic section of the Al - PP GF joint

e creating a hole in the heated composite with a drill tool,
Fig. 4 shows that the thermal drilling perforated both the o  covering the composite with Al sheet,
metal and the composite, the Al bushing went through the entire 4 forming the hole and bushing in the Al with a drill tool,
thickness of the glass fiber composite. However, the underside of o turning the assembly
the comgosithe r\]Nas dglarr]nirkl)ater? whtler;] th?] bushing anfl to;)l « forming the hem - clc’Jsing the joint
penetrated, which caused the bushing, although of sufficient length, . - -
not to be visible on the underside of the joint. A solution could be to and The joints formed by the sequential method are shown in Figs. 8

turn the joint over in next step and use the same tool to create a hem 9
on the formed bushing, Fig. 5. '

Radius to form the

hem of the bushing

—  —

Al alloy

Fig. 8 Metallographic section of the Al - PP GF joint formed by the
sequential method

The picture shows a formed bushing of sufficient thickness and
length, the end of which, thanks to the reverse hemming, forms a
tight bond with the composite and prevents delamination.

Fig. 5 Method of hemming and closing the joint

The Al - PP GF joint was formed by the above procedure with a
hemming and is shown in Fig. 6.

Al alloy

Fig. 9 Metallographic section of the Al - PP CF joint formed by the
sequential method

Perfectly formed bushing can be seen again in this
metallographic section. The hem is fulfilling its purpose, preventing
On the metallographic section, the hem of the Al bushing is  delamination of the composite and closing the joint.
visible, which encloses the composite material. The hemming on
the opposite side of the joint has fulfilled its purpose and closed the
joint, thus insuring it against opening due to the forces applied
during tensile loading.

Fig. 6 Metallographic section of the Al - PP GF with hem

The results of the joints load-bearing capacity testing are shown
in Figs. 10 and 11.

Fig. 7 shows a metallographic section of an Al - PP CF joint with a
hem.
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Fig. 10 Load-displacement curves of Al — PP GF joints

The curves show a linear increase in force up to Fmax, followed
by a short stagnation of force around Fmax, which corresponds to
the beginning of the failure of the joint - sliding of the composite
out of the hem, and the curve continues with a gradual decrease,
which also includes the failure of the adhesive bond of the
composite to the metal over the entire surface of the overlap. The
appearance of the joint surfaces after failure is shown in Fig. 11.

Fig. 11 Appearance of Al - PP GF substrates after load capacity test

The joints failed in the bushing area after static tensile load
testing without major damage of the involved materials. The GF
composite adhered to the Al alloy at a given temperature (>Ttav PP)
at the overlapped area and contributed to the load-bearing capacity
of the joints.

Fig. 12 shows the loading history of the Al - PP CF joints.

Al-CF
1,2 — sample 1
1 —— sample 2
?\‘ sample 3
0,8
g 06 ™
B
o 0,4 !
0,2 H J
) | N,
0 1 2 3 4

displacement [mm]

Fig. 12 Load-displacement curves of Al — PP CF joints

Again, the curves show a linear increase in force up to Fmax.
Subsequently, the onset of failure of the joint is visible - sliding of
the composite out of the hem. The curve continues with a gradual
decrease, which includes the failure of the adhesive bond of the
composite to the metal over the entire area of the overlap.

The appearance of the joint areas after failure is shown in Fig.
13.
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Fig. 13 Appearance of Al - PP CF substrates after load capacity test

During tensile testing of Al alloy and PP CF joints, the joint
failed at the thermal drilling point. Some bushings were deformed
and pressed. Carbon fibre damage - fibre pull-out - is also visible on
the composite in the middle sample.

Conclusions

Based on the results obtained, the following information was
found:

e The formed joints of the aluminium alloy and the two tested
composites had approximately the same load-bearing capacity,
about 1 kN, which includes not only the mechanical connection
by the bushing, but also the adhesive forces between the
softened PP matrix and the Al alloy over the entire overlap area,
while the contribution of the mechanical and adhesive forces to
the total load-bearing capacity of the joint is not easy to
estimate.

e No fibre breakage was visible on the glass fibre composite
specimen, but for the carbon fibre composite there were broken
fibres around the hole. However, the failure occurred during the
load capacity testing of the joints, not at the joint formation
stage.

e The size and shape of the hem, which fixes the composite plate
in the joint, appears to be a significant limiting factor affecting
the load capacity of the joint. When the joint is subjected to
tensile stress, the hem straightens, the Al alloy bushing deforms
in the direction of the stress, in some cases leaving part of the
separated hem in the hole of the composite.

e Metallographic sections of the formed joints showed that the
sequential joining method has a positive effect on the geometry
of the formed bushing and hem and contributes to the load
carrying capacity of the joints.
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Behavior of steel, Al and Mg alloys when thermal drilling
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Abstract: The article deals with determinatin the optimum parameters for thermal drilling of selected Al, Mg and steel alloys to be
subsequently used for joining with thermoplastic matrix composites reinforced with bidirectional continuous fibers. The optimum thermal
drilling parameters will be considered to be those which produce a bushing of sufficient length and thickness to penetrate the composite

material to a thickness of 1.5 mm.
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1. Introduction

Thermal drilling is a specialized drilling technique that involves
the use of heat to create holes in a variety of materials, including
metals, plastics and composites, without cutting, just forming the
material. Instead of conventional drilling methods, thermal drilling
uses friction-generated heat to warm, form and penetrate the
workpiece. [1]

The thermal drilling method gives the possibility to produce a
smooth cylindrical or conical bushing in materials such as sheet
metal, tubes or hollow profiles, to form threads in it and to use a
fastener. The quality of the hole is influenced by the power of the
machine and its technical condition, the number of revolutions, the
axial force and the appropriate choice of tool. [2]

The process usually involves three phases, Fig. 1:

=  Phase 1: Friction heating: a specially designed heat drill is
brought into contact with the workpiece. As the drill
turns, it generates heat through friction at the point of
contact.

=  Phase 2: Material softening: The heat generated raises the
temperature of the workpiece, causing the material to
soften locally.

= Phase 3: Hole Formation: As the drill advances into the
softened material, it creates a hole by moving the soften
material and forming a bushing into which threads can
then be formed and a fastener can be placed. [1]

e ™ g

Hole created

Creation
of a hole

i

Fig. 1 Thermal drilling procedure [3]

2

= —=

Contact of
machine
with
workpiece

Generation of

frictional heat Softening of

the material

In the production of tailored parts in automotive production, or
in the aerospace industry, or in the production of parts for sports
equipment, the challenge is to combine materials of different
chemical composition, different internal structure, or different
thicknesses. In this respect, the joining of metals and composites
has a special position, as these are materials of completely different
nature and internal structure, which can only be joined in two ways
- adhesive bonding and mechanical joining. [4-8]

For fiber and polymer matrix composites, the fibers must absorb
the load of the component. This requires high stiffness and strength
and the lowest possible density. Experience shows that most
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materials exhibit much better mechanical properties in fiber form
than in compact form. Glass and carbon, although not really
considered conventional structural materials, have found their
unique application just in the form of fibers reinforcing polymer
matrices.

If the matrix is thermoplastic, this is very advantageous in terms
of processing (moulding) the composite into the final component.
Thermoplastic matrices require short production cycle times. They
can be combined with other thermoplastics and processing methods.
A wide range of component designs can be achieved in this way.
The resulting properties of the composite are strongly determined
by the properties and arrangement of the fibers. [9-10]

The matrix (most commonly PA 6, PA 6.6, PA 12, PP,
thermoplastic polyurethane, PPS, PC) performs the following key
functions:

= provides force transfer to the fibers

= provides force transfer from fiber to fiber

= protects the fibers from environmental influences

= keeps the fibers in the desired geometric arrangement

= absorbs mechanical loads acting mainly perpendicular
to the direction of the fibers and shear loads

The most commonly used reinforcing fibers are glass and
carbon continuous fibers oriented in one or two perpendicular
directions simply or in the form of a fabric.

The composite has optimum properties only if the applied
forces are efficiently transferred from the matrix to the fibers, and
from fiber to fiber. This requires a good bond between the fiber and
the matrix by a targeted choice of surface treatment tailored to each
polymer and applied to the fibers after manufacture, or by the
addition of a coupling agent to the thermoplastic.

If these conditions are met, the composite can operate
efficiently, with the mechanical properties - toughness, strength and
impact resistance - mainly provided by the fibers, while the matrix
mainly determines the electrical properties, thermal and chemical
resistance, corrosion behaviour and workability of the resulting
composite.

Joining metals and composites to a thermoplastic matrix using
thermal drilling technology is advantageous for several reasons:

= no chipping - waste-free technology

= heating the composite at the drilling point reduces the
viscosity of the matrix and allows the fibers sufficient
freedom of movement to deflect out of the future hole
location without compromising their integrity, Fig. 2. The
fibers can thus continue to perform their reinforcing
function.
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Fig. 2 Disruption of fiber continuity in conventional drilling (left) and fiber
deflection in thermal drilling (right)

The aim of this article is to determine the optimum parameters
for thermal drilling of selected Al, Mg and steel alloys to be
subsequently used for joining with thermoplastic matrix composites
reinforced with bidirectional continuous fibers. The optimum
thermal drilling parameters will be considered to be those which
produce a bushing of sufficient length and thickness to penetrate the
composite material to a thickness of 1.5 mm.

2. Used materials

Optimal thermal drilling parameters were determined for 3
basic materials:

=  Material No. 1 - aluminium alloy AISilMgMn (EN AW
6082 T6), thickness: 1 mm, next designation: Al

= Material No. 2 - magnesium alloy AZ91, thickness: 2
mm, next designation: Mg

=  Material No 3 - Uncoated low carbon deep drawing steel
DCO04, thickness: 0.8 mm, next designation: DC

The chemical composition of the materials is given in Table 1.

Table 1: Chemical composition [%] of Al, Mg and DC materials
n Mg Zn Al C P

Elem. Si Fe Cu M S Fe

Al 1.0 0.4 0.06 0.44 0.7 0.08 Bal.

Mg 0.09 0.004 0.02 0.14 Bal. 0.93 8.9

DC 0.25 0.04 0.009 0.008 Bal.

The mechanical properties of the individual materials were
determined by static tensile testing in the rolling direction.

3. Technique of thermal drilling of materials

Because of the need to heat the composite materials (and the
fixture) during drilling, we chose a TOS V 10 A bench drill and a
Flowdrill long ¥5.3 mm tool for the experiments, Fig. 3. The tool
speed was constant and the feed rate was achieved manually. The
tool was lubricated with FDKS 100 grease during drilling. The
drilling machine parameters are given in Table 2.

Table 2: Technical parameters of the drill TOS V 10 A

Number of spindles 1

Drilling depth 100 mm
Diameter of drilling spindle 18/20 mm
Base plate clamping surface 250 x 300 mm

Spindle speed number of stages 10

Range RPM 500 — 6000
Feed Manual
Total power input of the machine | 0,65 kW

Fig. 3 Bench drill machine TOS V 10 A and tool Flowdrill long @ 5.3 mm

In order to investigate the behaviour of the selected materials
during thermal drilling in terms of the shape and size of the
resulting bushing, thermal drilling was carried out at two
significantly different rotational tool speeds and two significantly
different tool feed rates. ldeally, the optimum parameters would
have been sought with the help of CNC process control, however,
due to the heating of the materials and the need to maintain the
temperature at the desired value, it was not possible to carry out the
drilling on CNC machines at this stage. The tool speed of a 5.3
mm diameter tool can range from 1800-3300 min™* according to the
tool manufacturer's recommendation, with 2400 min? being
considered the optimum speed when drilling steel. When drilling
non-ferrous alloys, the manufacturer recommends using a speed
50% higher than the optimum speed for drilling Fe alloys.

For the experimental drilling of Al, DC and Mg, the tool speeds
of 2400 and 4800 min™* were chosen. The feed rate was manual -
slow (approx. 60 mm.min™) and fast (approx. 240 mm.min™).

The aim of drilling only metal sheets of Al, DC and Mg alloys
is to investigate the effect of the selected tool speed and feed rate on
the shape of the resulting bushing. The shape will be assessed
metallographically by cutting through the axis of the hole. It is
necessary to determine the drilling parameters at which a
sufficiently long bushing with sufficient thickness is produced,
suitable for subsequent joining with composite materials.

4. Static tensile test of base materials

Fig. 4 shows the stress-strain diagrams of the tested materials
and Table 3 shows the mechanical properties of the Al and Mg
alloys in the rolling direction found by this test as an average of five
measurements.

stress [MPa]

0 0.15 02 025 03 038 04
strain [%]

—Al —Mg —DC

Fig. 4 Tensile diagram of tested materials Al, Mg, DC

Table 3: Mechanical properties of the tested materials in the rolling
direction

Material | Rpo2[MPa] | Rm [MPa] | Ag[%] | At[%] | A80 [%]
Al 290.3 3385 10.1 16.6 16.5
Mg 197.2 270.6 14.8 243 24.1
DC 197.3 322.1 24.0 26.2 26.2
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The results of the static tensile test show that the Mg and DC
materials have the same yield strength, but with further loading the
DC steel strengthen more significantly and also exhibits the highest
ductility of all the materials. Precipitation hardened Al alloy has a
higher yield strength and tensile strength compared to DC and MG
and the lowest ductility of the materials tested, but still sufficient to
form the bushing properly.

5. Geometry of hole bushings prepared by
thermal drilling

Table 4-5 shows the metallographic sections of holes made in metal
sheets by thermal drilling at selected parameters.

Table 4: Metallographic cuts through the axis of holes created at 2400 min™

RPM [min™] / feed rate [mm.min*]

2400/60

2400/240

Al

Mg

DC

Table 5: Metallographic cuts through the axis of holes formed at 4800 min™

RPM [min™] / feed rate [mm.min*]

4800/60 4800/240

Al

Mg

DC

From the metallographic sections, the lengths and thicknesses of
the individual bushings were measured; the results are shown in
Table 6.

From the above results, it can be concluded that the shape of the
resulting bushings varies for different materials as well as within a
single material at different thermal drilling parameters. For the
purpose of future bonding, it is advisable that the resulting bushing
should be as long as possible (to penetrate through the composite in
its entire thickness) at a sufficient thickness. The thermal drilling
parameters and the thickness of the base material will influence the
proportion of material that is displaced from the plane of the sheet
into the bushing area and against the direction of tool movement -
into the rim.

6. Calculation of the proportion of material
displaced into the bushing area

In thermal drilling, the material originally placed in the plane of the
sheet metal, at the location of the future hole, is displaced to form
the rim and bushing. The volume of the material forming the
bushing can be calculated using the relationship for the volume of
the rotating elementary region M around the y-axis:

b
v = 2n [ alf) - gl
a
The equations of the functions f(x) and g(x) are determined by
measuring  metallographic ~ sections and  simplified by
approximation. The curves of f(x) and g(x) were described using
constant and linear functions, Fig. 5. In case the described region
was not elementary, it was divided into several elementary regions,
Fig. 6.

I
¢ |05,3 mm
|
|
|
|

f(x)

axis of the hole

Fig. 5 Elementary region determined by the approximation of the shape of
the bushing

y
¢ @53mm:
I
|
I
| ‘

axis af the hole

fi(x)=a

2(x)=kx+q

Fig. 6 Non-elementary region determined by the approximation of the shape
of the bushing

Table 6 shows the % of material that contributed to the bushing
formation for the applied tool speed and feed rate.

Table 6: Length and thickness of bushing formed and proportion of material
displaced into the bushing area for the thermal drilling parameters tested

Material RPM [min™] | Bushing Bushing Percentage of
and feed rate length thickness material displaced
[mm.min] [mm] [mm] to the bushing area

[%]

2400/ 60 1.0 0.3 47.83
2400/ 240 25 0.63 97.83

Al
4800/ 60 82 0.61 69.90
4800 / 240 2.46 0.54 81.76
2400/ 60 2.96 0.96 53.53
2400/ 240 2.8 0.96 68.65

Mg
4800/ 60 82 0.8 70.34
4800 / 240 2.8 1.0 70.32
2400/ 60 2.86 0.5 93.12
2400/ 240 2.56 0.56 74.09

DC
4800/ 60 2.86 0.43 70.49
4800 / 240 2.7 0.43 71.05
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From Table 6, taking into account the proportion of material
forming the bushing and at the same time taking into account the
thickness and length of the formed bushing, it is possible to
recommend a speed of 4800 min and a slow manual feed rate, at
which the proportion of material forming the casing is about 70%
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and at the same time the highest bushing length is achieved at a
relatively sufficient thickness.

The metallography of the resulting joints of metals with the PP-
GF composite material is shown in Fig. 7.

Al-PPGF

Mg-PPGF

DC-PPGF

Fig. 7 Metallography of the resulting joints of metals with PP-GF composite
material

7. Conclusions

The above study brought a new perspective on the use of
thermal drilling for joining thin-walled lightweight metal-based
materials with composites. By studying the shape of the formed
holes in metallic materials by thermal drilling, the recommended
parameters for joining with a composite with a thermoplastic
polypropylene matrix and bidirectional glass fiber reinforcement
were determined. For joining without CNC support, a speed of 4800
min? and a slow manual feed rate are recommended. At these
parameters, joints with sufficient bushing length were formed
which, after hemming, formed a closed joint with the composite
without delamination.
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The impact of particle size on mechanical-acoustic properties of cenosphere powders
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Abstract: Cenospheres are used in a variety of applications, including as fillers in building, construction, plastic, and composite materials.
The aim of this paper is to evaluate the effect of particle size on the mechanical-acoustic properties of cenosphere powders, which were
produced in two different sizes. The mechanical-acoustic properties of the studied powders were experimentally determined based on the
frequency dependencies of the sound absorption coefficient, using the transfer function method. It can be concluded that not only particle
size, but also powder bed height and the excitation frequency of acoustic waves, significantly influenced the mechanical-acoustic properties
of the studied cenospheres.

Keywords: CENOSPHERES, PARTICLE SIZE, TRANSFER FUNCTION METHOD, SOUND ABSORPTION COEFFICIENT,
LONGITUDINAL ELASTIC COEFFICIENT, EXCITATION FREQUENCY, POWDER BED HEIGHT, BULK DENSITY

absorption coefficient were determined using transfer function
method according to 1SO 10534-2 standard. Using this method, the
The term "cenosphere" is derived from two Greek words: sound absorption coefficient is defined by the equation [8]:

"kenos" (meaning hollow) and "sphaira” (meaning sphere) [1]. The _ 2

concentration of cenospheres in fly ash varies widely, ranging from a=1-]|rl 0
0.01 to 4.80 wt.%, but it typically falls between 0.3 and 1.5 wt.% where r (<) is the normal incidence reflection factor.
[2]. The thickness of the cenospheres' shells is about 3-11% of their
diameter [3]. Cenospheres are one of the major types of waste
generated by coal power plants, along with fly ash. These
lightweight, inert, and hollow spheres are primarily composed of
silica and alumina and are filled with air or gases [4]. Cenospheres
are utilized in a variety of applications, including as fillers in
building and construction materials, plastics, biomedical products,
ceramics, rubber, aeronautics, and composites [3, 5, 6]. The

1. Introduction

The material’s ability to absorb sound depends on various
factors, including the type of material, its thickness, structure, and
the excitation frequency. The effect of the excitation frequency on
the sound absorption is quantified by the noise reduction coefficient
NRC (-), which is defined as the arithmetic average of the sound
absorption coefficients at the excitation frequencies of 250, 500,
1000, and 2000 Hz [9, 10]:

incorporation of cenospheres into composite materials can result in NRC = %250+2500 +@1000 +2000 ®)
reductions in weight, thermal conductivity, cost, and environmental 4
footprint. Moreover, the incorporation of cenospheres can enhance Moreover, to compare the sound absorption properties of the

mechanical, sound insulation, and electrical properties [3]. The key investigated powder samples, the arithmetic means of the sound
parameters affecting the properties of cenosphere-based materials  absorption coefficient (cf,) over the measured frequency range (i.e.,
are particle size, shell thickness, volume concentration, and the  from 250 to 6400 Hz) were determined.

presence of impurities [5]. .
Based on the sound absorption measurements of the

The purpose of this paper is to evaluate the influence of particle investigated powders, it is possible to determine the longitudinal
size on the mechanical and acoustic properties of cenospheres. elastic coefficient K (Pa), which is analogous to Young’s modulus
These properties were determined using the transfer function  of elasticity for solids. This coefficient characterizes the mechanical

method with an acoustic impedance tube. stiffness of the powders and is expressed by the formula [11, 12]:
. 2
2. Materials and Methods K=c-py=(4-hf1) -pp (4)
In this study, cenosphere powders were obtained from where ¢ (m-s™) is the speed of sound of elastic waves through

Ekibastuz GRES-2 Power Station (Kazakstan). They were tested the powder bed, g, (kg-m™) is the bulk density of the powder bed,
across two different particle size ranges to investigate their h (m) is the powder bed height, and f; (Hz) is the primary sound
mechanical-acoustic properties. Table 1 lists the designations, absorption peak frequency.

particle size diameters, and bulk densities of these powders. . L.
The frequency dependencies of the normal incidence sound

Table 1: Designations and parameters of the investigated cenosphere absorption coefficient were experimentally measured using a two-

powders. microphone impedance tube (BK 4206) in combination with three-
Sample designation channel signal PULSE multi-analyser (BK 3560-B-030) and power
C 40 80 C 80 125 amplifier (BK 2706) in the frequen_cy range of 250-6400 Hz (Briiel
i - & Kjer, Denmark). The schematic diagram of the experimental
Particle size diameter 40+ 80 80~ 125 setup for measuring the sound absorption coefficient is depicted in
[um] Figure 1a. The view of this experimental setup is shown in Figure

Bulk density [g/cm™] 1.0224 + 0.0002 0.6118 + 0.0001 1b.
The normal incidence sound absorption coefficient of the tested

cenosphere loose powder samples of defined layer thickness
(ranging from 5 to 25 mm) was determined. All experiments were
performed under ambient laboratory conditions of 40% relative
humidity and at 23 °C.

The sound insulation properties of the investigated cenosphere
powder beds are characterized by the sound absorption coefficient
a (-), which is defined by the following ratio [7]:

_Pa

a=1 ®

where P4 (W) is the dissipated acoustic power, and P; (W) is the
incident acoustic power. The frequency dependencies of the sound
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PC PULSE 2706

 — 1
a)

2706 PLLSL

L

b)

Fig. 1 Circuit diagram (a) and view (b) of the experimental equipment for

measuring frequency dependencies of the normal incidence sound

absorption coefficient.

3. Results and Discussion

Figures 2 and 3 show examples of the experimentally measured
frequency dependencies of the sound absorption coefficient « for
the investigated cenosphere loose powders of selected bed heights.
It is evident from Figures 2 and 3 that the sound absorption
properties of the tested loose powders generally increase with
increasing excitation frequency. Furthermore, the increasing powder
bed height leads to a higher ability to damp sound at lower
excitation frequencies.

0.5
*+h=5mm
s+« h =10 mm
04 1., h=25mm |
03
L
8 02 fo
0.1
0.0
100

f [Hz]

Fig. 2 Frequency dependencies of the sound absorption coefficient across
various bed heights (h) of the C_40_80 powder sample.
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Fig. 3 Frequency dependencies of the sound absorption coefficient across
various bed heights (h) of the C_80_125 powder sample.
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The particle size effect on the sound absorption properties of the
studied cenospheres for two different powder bed heights (i.e., 7.5
and 20 mm) is demonstrated in Figure 4. It is evident that the effect
of the particle size on sound damping is significant mainly for
smaller powder bed heights. In the case of higher powder bed
heights, the influence of the particle size on the frequency
dependencies of the sound absorption coefficient is negligible, as
shown in Figure 4.

05 T
fle=+= CF_40 80 7.5 mm
04 FleeseCF 80125 7.5mm|
“ L] CF_40 80 20 mm S
[|=+== CF 80 125 20 mm R R
— 03 3
T [
® 02 e R S
0.1 4
00 + -
100 10000

f [Hz]

Fig. 4 Frequency dependencies of the sound absorption coefficient across
various bed heights (h) of the studied cenosphere powders.

As stated above, the ability of the studied powders to absorb
sound can be compared based on the arithmetic mean of the sound
absorption coefficient (ay,) over the measured frequency range (i.e.,
from 250 to 6400 Hz) and the noise reduction coefficient (NRC),
which was calculated from the experimentally measured frequency
dependencies of the sound absorption coefficient according to
equation (3). Their values, depending on the powder bed height and
particle size diameter, are given in Tables 2 and 3.

Table 2: Arithmetic mean of the sound absorption coefficient an (-) of the
investigated cenosphere powders for different powder bed heights h (mm).

h Sample designation

[mm] C_40_80 C_80_125
5 0.2033 0.2175
75 0.2064 0.2063
10 0.2178 0.2326
125 0.2170 0.2092
15 0.2122 0.2231
20 0.2094 0.2185
25 0.2192 0.2196

Table 3: Noise reduction coefficient NRC (-) of the investigated cenosphere
powders for different powder bed heights h (mm).

h Sample designation
[mm] C_40_80 C_80_125
5 0.0838 0.0633
75 0.1383 0.1607
10 0.0879 0.1300
125 0.1026 0.1026
15 0.1215 0.1267
20 0.1411 0.1351
25 0.1361 0.1579

Tables 2 and 3 demonstrate that the sound absorption properties
of the tested loose powders are relatively low (i.e., ammax = 0.2326
and NRC,=0.1607). It is also evident that the influence of
particle size diameter and powder bed height on sound absorption is
negligible.
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Based on the experimentally measured frequency dependencies
of the sound absorption coefficient, it was possible to evaluate the
speed of sound (c) and longitudinal elastic coefficient (K) of the
investigated cenosphere powders according to equation (4). For this
reason, it was necessary to determine the primary sound absorption
peak frequencies (f,;) at the maximum values of the sound
absorption coefficient (amay), as shown in Figure 2. The values of
the primary sound absorption peak frequency for various powder
bed heights and two particle size diameters are given in Table 4.

Table 4: Primary sound absorption peak frequency fy (Hz) of the
investigated cenosphere powders for different powder bed heights h (mm).

h Sample designation
[mm] C_40_80 C_80_125
5 2520 3080
7.5 1616 2008
10 1400 1608
12.5 1376 1392
15 1168 1176
20 872 904
25 736 816

It is visible from Table 4 that higher values of the primary
sound absorption peak frequency were found for powders
containing larger particle size diameters, independently of the
powder bed height. Additionally, it is evident that the primary
sound absorption peak frequency generally decreased with
increasing powder bed height.

Based on the values of the primary sound absorption peak
frequency (f,1) and the bulk density (0,), the speed of sound (c) of
elastic waves through the investigated loose powder beds was firstly
calculated according to equation (4). Graphical dependencies of the
speed of sound vs. powder bed height are shown in Figure 5. It is
evident that the speed of sound is significantly influenced by both
the powder bed height and the particle size diameter. It was found
that the speed of sound generally increases with increasing powder
bed height. Moreover, higher speeds of sound through the loose
powders were found for the cenosphere powders consisting of
larger particle size diameters (i.e., from 80 to 125 um).

90

—+-CF 40 80
|--CF 80 125|_

80

70

¢ [m/s]

60

50

40

h [mm]

Fig. 5 Dependencies of the speed of sound (c) vs. powder bed heights (h) of
the studied cenosphere powders.

Finally, the mechanical properties of the investigated loose
cenosphere powders were evaluated by means of the longitudinal
elastic coefficient (K), which was also calculated according to
equation (4). It is visible, as in the case of the speed of sound, the
longitudinal elastic coefficient generally increases with increasing
powder bed height. On the contrary, higher mechanical stiffness (or
higher longitudinal elastic coefficient) was found for the powder
samples consisting of smaller particle size diameters (i.e., from 40
to 80 upm) independently of the powder bed height. This
phenomenon results from the fact that smaller particle sizes more
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effectively fill the gaps between individual particles, thereby
enhancing the overall mechanical stability of the powder layer and
consequently its mechanical stiffness. Therefore, a decrease in
particle size diameter generally leads to an increase in the
longitudinal elastic modulus [13]. Furthermore, cenosphere powders
containing larger particles exhibited a lower powder bulk density
(approximately 40%) compared to powders containing smaller
particle diameters, as shown in Table 1. This lower bulk density
was also accompanied by lower mechanical stiffness of the
cenosphere powders containing larger particle sizes (i.e., from 80 to
125 pm).

6

—4CF 40 80
—-CF 80 125

R —— : _— , :
15
h [mm]

25

Fig. 6 Dependencies of the longitudinal elastic coefficient (K) vs. powder
bed heights (h) of the studied cenosphere powders.

4. Conclusions

The aim of this paper was to investigate the sound absorption
and mechanical properties of cenosphere loose powders with two
different particle size ranges. These properties were experimentally
obtained from the frequency dependencies of the normal incidence
sound absorption coefficient in the frequency range from 250 to
6400 Hz using an acoustic impedance tube.

It can be concluded that the sound absorption ability of the
tested cenosphere powders was relatively low, with the maximum
value of the arithmetic mean of the sound absorption coefficient
being less than 0.24. Therefore, the investigated loose cenosphere
powders are more suitable for sound reflection. It was also found
that the influence of particle size diameter and powder bed height
on sound absorption properties is negligible.

The mechanical stiffness of the studied powders was
determined based on the primary sound absorption peak frequency
and the powder’s bulk density. It can be stated that the mechanical
stiffness of the powders was significantly influenced by their
particle size diameter and bed height. It was found that the
longitudinal elastic coefficient generally increased with a decrease
in particle size diameter and an increase in powder bed height.

Cenospheres can be applied in a variety of applications,
including as fillers in building, construction, and composite
materials. Their incorporation in these materials can improve
properties such as mechanical stiffness and sound absorption.
Therefore, it is necessary to consider their particle size diameter, as
it can significantly influence the properties of different cenosphere-
based materials.
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HCCJIEJOBAHUE TEMIIEPATYPHOI'O IIOJISI B OBBEME MEJTHOM
3AI'OTOBKH TP PAAUAJIBHO-CABUI'OBOU NTPOKATKE

INVESTIGATION OF THE TEMPERATURE FIELD IN THE VOLUME OF A COPPER BILLET DURING
RADIAL-SHEAR ROLLING
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Abstract: Radial-shear rolling is one of the most promising methods of metal forming, allowing to develop a level of strain in the rolled bar
sufficient to obtain an ultrafine-grained structure. At the same time, it has already been theoretically and experimentally confirmed that after
metal processing by this method, a gradient distribution of grain size is observed in the cross section of the rod, which is a consequence of
the laminar-turbulent flow of metal in the deformation zone. This work is devoted to the study of the temperature field during radial-shear
rolling of M1 technical copper at an initial workpiece temperature of 20°C. To study the temperature distribution over the bar cross section,
finite element modeling of radial-shear rolling of M1 technical copper was performed in the Deform program. A rod with a diameter of 30
mm and a length of 150 mm was set as the initial workpiece. It was decided to conduct three passes of radial-shear rolling with compression
of 3 mm per pass. In addition to studying the temperature fields on the workpiece, the temperature distribution on the rolls was also
considered. Analysis of the simulation results showed that the temperature distribution over the cross-section of the rod has a gradient

character.

Keywords: RADIAL-SHEAR ROLLING, GRADIENT DISTRIBUTION, SIMULATION, TEMPERATURE, ROD.

Beeoenue

Hayuynble paboTBl 1O MOJYYCHUIO BBICOKOKAYECTBEHHOTO
MeTajula HpH Pa3NUYHBIX METOJaxX WHTCHCHBHOH IUIACTHYECKON
nedopmaruu (UI1J]) siBiseTcs oAHUMHU W3 HAMOOJIEE ITUTUPYEMBIX
nyommkarmuii B mupe [1-3].  Peammzamums  WIIJ 3a  cuer
WHTCHCU(HUKAIINHA CIBUTOBHIX M 3HAKONEPEMEHHBIX AedopMarmii
TO3BOJISIET JOOWTHCS M3MENBYCHUSI HCXOJHOM CTPYKTYpHI /IO
YIBTPAMEIKO3EPHUCTOTO COCTOSHHS W TIOJNyYCHHS YHHUKaJIbHBIX
MEXaHMYECKUX XapaKTepUCTHK, KOTOPbleé WHOTJA SBIISTIOTCS
napaiokcanbHbiMe [4-5]. TIpu 3TOM Hanbosee N3BECTHBIE CIIOCOOBI
UIIJI - xpyuenue mon BeicokuM nasiaeHueM (KBJ) wu
paBHOKaHaibHOE yrioBoe mpeccoBanue (PKVYII) — mnosBossior
nepopMupoBaTh  00pa3mbl  OTPAaHWYCHHBIX ~ T€OMETPHUUECKHX
pa3MepoB, YTO CYIIECTBEHHO CHIDKAET BO3MOXKHOCTH NPHMEHEHUS
JTAHHBIX CIIOCOOOB B MMPOMBINIIEHHBIX MacITadax.

s Bo3MOkHOCTH JepopMUpOBaHUS [JUITMHHOMEPHBIX 00pa3IoB
ObUIM pa3paboTaHBl PsAZl COBMENICHHBIX IIPOIECCOB Ha OCHOBE
pPaBHOKAHAIBFHOTO ~ YIJIOBOTO  IPECCOBAHUS, KOTOPBIE TaKKe
00ecneurBaloT HEMpephIBHOCTL mporecca [6-7]. OgHako ans ux
peanu3anuu  HEoOXOQMMa  MOJCPHHU3ALMS  CYIIECTBYIOIIETO
MPOKATHOTO WJIM BOJOYMIBHOTO oOopymoBaHus. C 3TOH TOYKH
3peHHss HauOoliee TEpCIeKTHUBHBIM  crmocobom  WITJA  mns
neOpMUPOBAHUS JUTMHHBIX 3arOTOBOK SIBISIETCS  PaHaNbHO-
CIBUTOBasl TPOKaTKa, W3YYCHHIO KOTOPOHW IOCBSIICHO HEMalo
pabor, B TOM wumcie 3a mociexaune roxasl [8-10]. OcHoBHOe
COJIEp)KaHUE JaHHBIX MCCIEAOBaHUN — 5TO BIHMSHHUE JAHHOTO
criocoba Ha CTPYKTYpY U CBOHCTBa 00pabaThiBaeMOro Marepuana u
M3YyUeHHE HanpshHKeHHO-IehOopMUpOBaHHOTO cocTosiHus. [Ipu aToM
KpaifHe Majoe BHUMaHHE yIelseTcs TakoMy (akTtopy, Kak
pacripefieciecHHe  TEMIIEpaTypHBIX TMOJEeH B  3aroTOBKE IIpH
Pa3IMYHBIX TEOMETPUYECKUX M TEXHOJIOTHMYECKHX IapaMeTpax
mporecca. VccnemoBaHuro 3ToW MpoOieMbl TMOCBSIIEHA JaHHAS
paborta.
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Mamepuanvt u memoowl

W3ydenue pacnpeneneHus TEMIEPaTypHBIX IOJIeH B 3arOTOBKE
OpU  paaualbHO-CABUTOBOM  IpOKaTke OBUIO  TNPOBEICHO C
ucnonb3oBanneM MKD mopenupoBanust B nporpamme Deform. B
KauecTBE TE€OMETPHUH BaJKOB OBUIM HCIIOIB30BAHBI IapaMeTpHI
crana CBII-08, ycraHoBieHHOTO B PymHEHCKOM HHIYCTpHATBHOM
yHHBepcuTeTe. Menublii ciaB M1 ObUT BEIOpaH Kak MaTephal
3aroToBkd Tpu Temmeparype 20°C. [nsd w3ydeHHWs BIHUSHUSL
TEOMETPUYECKHX ¥ TEXHOJOTHMUECKHX IapaMeTpoB Ipolecca
1[eJIeCO00pa3sHO  MPOBOJAWTH  BapbHpPOBaHHE WX  3HAYCHHSIMHU.
MoenupoBanuch Cieyromue yCIoBys:

1) nametp 3arotoBkd 30 MM, CKOpOCTh BparieHus Baikos 100
00/MuH, o0xaTre 1 MM;

2) duametp 3arotoBku 30 MM, CKOPOCTb BpamieHHUs Baikos 100
00/muH, o0xatue 1,5 MM;

3) Anametp 3aroToBkd 30 MM, CKOPOCTh BpalICHHUS BaJIKOB 50
00/MuH, o0xatue 1,5 mm;

4) Iuametp 3arotoBku 20 MM, CKOPOCTh BpaleHus BajikoB 100
00/MuH, obxarue 1,5 MM.

JlinHa 3aroTOBKM BO BCex Momensix Obuta paBHa 100 MM,
KO3(GUIHEHT TPEeHNS Ha KOHTAKTE 3arOTOBKH M BAJIKOB OBIIT paBeH
0,5. Koaddumument TtermmooOMeHa 3aroTOBKA C HHCTPYMEHTOM
coctaBmsr 5000 Br/(M*°C); koddouuMeHT — TemmooGMeHa
3aTOTOBKH C OKpysKarolmeit cpenoit cocrasmsn 0,002 Br/(M%°C).

Pezynomamur u odcyscoenue

Jlnst aHanm3a pacrpesieNieHus] TEMIIEPATYPhl B 3arOTOBKE ObLITO
CJIENIAaHO TIOTIEPEYHOE CeUYeHNe Ha PaccTOSHUU 50 MM OT IepeHero
KOHIa. M3MepeHuwe TeMmIepaTypsl MNPOBOJMIOCH B  MOMEHT
neOPMUPOBAHUS JAHHOTO CeueHWs B ouare aedopmaruu
NPOKAaTHBIX BAJKOB. [Ipy 3TOM HCHONB30BAICS HMHCTPYMEHT
«OTCIISKMBAaHUE TOYCK», H3MEPSIOLINI TeMmIepaTypy OT LEeHTpa
3arOTOBKH J10 30HBI KOHTAKTa METaJlIa C BAJIKOM.
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Ilpu paccMoTpeHuHM mOIy4eHHOH Mozenu 1 ¢ auameTrpom
3arotoBkd 30 MM, CKOpOCThIO BpaiieHusi BaikoB 100 o6/MuH u
obxarmeMm (mo gmamerpy) 1 MM OBJIO OTMEYEHO KpaiiHe
HEpaBHOMEPHOE pacIpe/ieieHHe TeMIIEpaTypsl 0 BCEMY CEYEHHIO
3aroToBk (PucyHok 1la). LleHTp mpokaTbIBaeMOi 3aroTOBKH
pasorpeBaercs 10 32°C, Torjga kKak IOBEpPXHOCTHAsI 30HA 3arOTOBKU
pazorpeBaercs o 124°C, T.e. mepemaj TemIepatyp INpU JaHHBIX
yenoBusx coctasisier 92°C. s cpaBHUTENBHOTO aHAIN3a JaHHAs
MoJenb OblIa MPUHATA Kak 0a30Basl.

B nmomyuenHo monenu 2 mpu yBeIHYEHHN 00KaTHs B BaJIKax J0
1,5 mm (Pucynok 16) 3adukcupoBan oOIIUi pOCT TeMIiepaTyphl BO
BCEM  CEYEHHM  3aroToBkH. lleHTpanbHas 30Ha  IpyTKa
pasorpeBaercss n0 54°C, Torga Kak IIOBEpXHOCTHas 30HA
pasorpeBaercs 1o 191°C, T.e. nmepemaz Temmeparyp NpH JaHHBIX
ycioBmsix coctaBisieT 137°C. Obmiee MOBHIIIEHNE TEMIIEpaTyphI IO
BCEMYy CEUYCHHIO 3arOTOBKH SBIAETCA IIPSIMBIM  CIICICTBHEM
yBenuueHuss abcomoTHoro obxarus. OAHAKO poOCT PasHHUIBI
TEeMIepaTypbl MEXIYy IEHTPOM U IOBEPXHOCTBIO OOYCIOBIECH
HM3MEHEHHEM KMHEMAaTHYECKUX IapaMeTPOB Ha KOHTAKTE 3aT0TOBKU
U MHCTPyMEHTa. BBuay TOro, 4ro BalKu HMEIOT TPUOOBHIHYIO
dbopMy, Tpu yBEeIMYCHUH OOXKaTHs JUIMHA ovara jaedopManuu
TaKOKe YBEINYUBACTCS, IPHU 3TOM METAJUT OJTy4YaeT 6oJiee BEICOKYIO
JIMHEIHYI0 CKOPOCTb.

Bce mocnenyrompe MonenM WMENH YBEIMYEHHOE 3HA4YCHHE
obOxarust B Bajkax 1,5 mMm. [Ipu CHIDKEHHH CKOPOCTH BpaIlEeHUs
BakoB 10 50 o6/MuH (Mozmenb 3 — PucyHok 1B) ObUIO OTMEUEHO
3HAUUTENFHOE CHIDKEHHE PAa3HUIBI TEMIEPATYPhl MEXKAY LEHTPOM
1 TIOBEPXHOCTBIO. [Ipy IOUTH HISHTHIHOM pa30rpeBe LEHTPATbHON
obmacT 3aroToBkU 10 55°C, MOBEPXHOCTh 3arOTOBKH B 00JacTH
KOHTaKTa C Bajkamu pazorpenack a0 133°C, T.e. mnepenajg
TeMIepaTyp Ipu JaHHBIX ycioBusix cocrasisier 78°C. Takum
00pa3oM, MOKHO CKa3aTh O TOM, YTO M3MEHEHHE O0XaTHs BIIUSET
Ha W3MEHEHHE TEeMIIepaTypsl IO BCEMy CEUEHHIO 3arOTOBKH, a
HW3MEHEHHE CKOPOCTH BpAIIECHWS BAIKOB BIMSET Ha H3MEHEHHE
TeMIepaTypbl IPEHMYIIECTBEHHO B OBEPXHOCTHBIX CIOSX. Takxke
JaHHBIE PA3NIUYUsl MOTYT SIBISITBCS PE3yNBTaTOM TOTO, UTO IIPH
M3MEHEHHH 00XKaTHs IIPOUCXOIUT H3MEHEHHEe KOH(UTypaliu oJara
nedopMaliii B BalKax.

Jnst mpoBepKHM JaHHOTO YTBEPXKASHHs ObLIa paccMOTpeHa
MOJeNb 4, T/ie sl K3BMEHECHHUS mapaMeTpa ovara aedopmanuu Obiia
HCTIONB30BaHa 3aroToBKa MeHpuiero auamerpa 20 mm (PucyHok 1r).
B manHOIT Mozmenu meHTp 3aroTOBKH pasorpeBaercs 10 85°C, torma
KaK TIOBEpXHOCTHas 30Ha paszorpeBaercs 1o 143°C, T.e. mepeman
TEMIIepaTyp TpH JaHHBIX YycioBuax cocraBisier 58°C. Bonee
paBHOMEPHOE pacHpelielieHHe TeMIepaTypbl HpPH MOBBILIECHHBIX
Oo0KaTUM M CKOPOCTH BpAILICHHUs BAIKOB CTaHa pPaagHalIbHO-
C/IBUTOBOH NMPOKATKHU CTAJO BO3MOXKHBEIM Oyiarofapst ToMy, 4TO H3-
3a CHIDKEHMs] Ha4yaJbHOTO JAMAMETpa BAJIKOB PACIIOJIOKEHHE ovara
nedopmanvi Ha JAaHHOM CTaHE cMellaeTcs B Oojee MOJIOTYIO
oblacTh ~ BaJNKOB, TJe KHHEMaTH4YeCKHe ycIoBHs Ooiee
ogHoponHble. MMeHHO 3TOT (akTop MO3BOIAET MONydaTh
JIOCTaTOYHO POBHYIO ITOBEPXHOCTH 3arOTOBKH 0€3 BUHTOBEIX pedep
JlaXke TP BBICOKHX 00XKaTHsX.

3aknrouenue

IIpoBeneHHoe HCclemOBaHHE pacHpeeNIeHUs] TeMIIEpaTypsl B
3arOTOBKE IIPH PAAHMAIBLHO-CIBUTOBOH TIPOKaTKe IIOKA3ano, 4YTO
00U ypoBEeHb TEMIIEPATyphl M XapaKTep €€ pacIpelesieHus 1o
CEUCHHMIO 3aBUCAT KaK OT N€OMETPHUYECKUX IapaMeTpoB Ipoliecca,
TaK M OT TEXHOJOTHYeCKUX mapamerpoB. IIpm sToM ObLIO
OTMEUEHO, YTO U3MEHEHHUE MapaMeTPOB, BIMAIOLUINX Ha U3MEHEHUE
KoH(GUryparmuu odara paedOpMandy, NPUBOANT K W3MEHEHHIO
rpajveHTa paclpeleicHus TEeMIEpaTypbl MEXKAYy LEHTPOM U
MOBEPXHOCTEIO. HQopmamus o0 JaHHBIX 3aKOHOMEPHOCTSIX
MIO3BOJINT KOHTPOJIMPOBATH H3MEHEHHE TEMIIEPaTyphl B TpeOyeMbIX
YCTIOBHSIX.
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PA3PABOTKA KOHCTPYIIUHU HEPEI'PY304YHOTI'O Y3JIA VIS YKIAIKA
I'OPHOMU ITOPO/JAbI BO BHEIITHUE OTBAJIbBI HA OTKPBITBIX 'OPHBIX
PABOTAX

DEVELOPMENT OF THE DESIGN OF A RELOADING UNIT FOR LAYING ROCK IN EXTERNAL DUMPS
IN OPEN-PIT MINING

Sergey Kuzmin, Andrey Turbit, Sergey Melentyev

Rudny Industrial University, Rudny, Kazakhstan

Abstract: The developed new energy-saving container technology for lifting rock mass on quarry dumps by mobile complexes reduces lifting
costs, reduces atmospheric pollution and improves mining operations. Container delivery of rock mass allows performing a single
excavation of the container and lifting it with lifting machines with a minimum tare coefficient. All the equipment of the transshipment point
is placed on self-propelled trolleys, which will make it possible to quickly move to a new location. The equipment of the transshipment unit
includes a screen and a jaw crusher, where the rock is prepared for loading into containers. They are placed on a conveyor belt and, after
loading, are picked up by a lifting machine and transported to the unloading site. Unloading of the rock mass occurs automatically due to
the hydraulic system of the container. The developed equipment is characterized by simplicity of design, which allows it to be manufactured

at the mining enterprise itself.

Keywords: LIFTING MACHINE, PRODUCTIVITY, DUMP, RELOADING UNIT, EFFICIENCY, CONTAINER, GRIPPER, CONVEYOR.

Beeoenue

Ilpn paspaboTke pymgHOH 3aJIeKM C MOMOIIBIO Kapbepa,
NPUXOANUTCS BBIHMUMATh OOJBIIOE KOJHYECTBO BCKPBIIH, O00BEM
KOTOpOil BO MHOTO a3 IPEBOCXOIUT OOBEM BBIHMMAaeMOM PYIbI.
JloObITass M3 Kapbepa ropHas Macca CKIaIHpyeTcs BO BHEIIHHE
OTBajbl, KOTOPHIE 3aHMMAIOT OONBINNE IIIOMAAH M CHIBHO
YXYALIAIOT 3KOJOTHIO PernoHa. TeXHOJIorunu 0TBanooOpa3oBaHus B
HACTOSIIMA MOMEHT He yHensercss OONBIIOro BHUMAHHSA, W OHH
OTCTAIOT 10 IIPOM3BOAUTENBHOCTH M  Ce0ECTOMMOCTH  OT
TEXHOJIOTUH B Kapbepe [1].

B HacTosimiee BpeMsi HM3BECTHBI HECKOJBKO TEXHOJIOTHMH
OTBaJIOOOPA30BaHUs, 3aBUCAIINE OT CPEACTB TPAHCIIOPTHUPOBAHMS
TOPHOH MacChl U (PU3NKO-MEXaHNIECKHUX CBOICTB TOPHBIX MTOPOJ.

OTBan000pa3oBaHNE XOPOMIO IPOOTIEHBIX CKAJIBHBIX TIOPOJI IPU
JIOCTAaBKE WX HA OTBAJbI JKEJIC3HOAOPOKHBIM TPAHCIOPTOM MOKET
MPOM3BOJUTCST  OTBANBHBIMK  IuTyramu.  OTBaJbHBIM  IUIYT
HpencTaBisier co00il  CaMOXOJHBIA WJIM  IPHLENHONH BaroH
CIIEIMAIBHOW KOHCTPYKIUH, 000PYZOBaHHBIH C OJJHOW MJIM C ABYX
CTOPOH OTBAJIBHBIMH JIeMEeXaMH. TeXHOJIOTHSI OTBal00Opa30BaHMUS
3aKJII0YaeTCsl B IMEPEMEIICHHH BO BpPEMsl CBOETrO JBMKCHUS MO
MyTSIM  PasTPYKEHHOW W3 JyMIIKapoB IIOPOABI OTBATBEHBIMHU
JeMexaMH B CTOpPOHYy  OTKoca  oTBama. Ilpm  3ToM
0TBaJIOOOPA30BaHUE OCYIIECTBISICTCS 1O BCEH AIMHE OTBAJIBHOTO
TynHKa. YKJIaJKka KPEeNKHX TOPHBIX MOPOJ B OTBAIKI IIPH JOCTaBKe
AQBTOMOOWJIBHBIM ~ TPAHCIIOPTOM  TIPOM3BOAUTCS  MOIIHBIMU
Oynpmo3epamMu. ABTOCAaMOCBAJbl PasrpyKarTcd Ha HEKOTOPOM
paccTosHUM OT OpoBkHM Mo mepudepun orBaia. bynbrozepsl
mepeMelnaloT  ee  HOA  OTKOC,  OCTaBisis Ha  OpoBKe
IpeoXpaHUTENbHBIN Bai [2].

IIpn pa3paboTke MeECTOPOKAEHHII C KPEMKHMH TOPHBIMH
MOpOfaMH M TIEPEBO3KE  JKEJIE3HOJOPOKHBIM  TPAHCIIOPTOM
TIpUMEHSIETCS  OTBAJIOOOpPA30BaHME MEXaHHUECKUMH JIOTIATaMH.
TexHonorust 0oTBaIOOOpa30BaHUS 3AKIIOYAECTCS B OKCKaBaIUU
pasrpyxaeMoil M3 AyMIIKapoOB TMOPOABI M YKJIaAKe €€ B OTBal
OJTHOKOBILIOBBIM JKCKaBaTOPOM. DKCKaBaTOp pacroyiaraeTcs HHKe
YPOBHS  JKEJIE3HOJOPOXHBIX IyT€ Ha BBICOTY pPas3rpy3Ku
aKkckaBaTtopa. Ilopoma W3 IyMIKapoB pas3rpyXkaercsi B MPHUSIMOK,
COOpY)KaeMBbIil caMuM SKCKaBaTOpoM. [locme pasrpy3ku HOpos!
HKCKaBaTOpP NMPOMU3BOIH T YKJIAJKy €€ CHavana B HIDKHUN ITOYCTYTI,
a 3areM B BepxHHH. /I XOpomo pa3apoOieHHBIX MOPOX M IIpH
MPUMEHEHNH B Kapbepe KOHBEHEPHOTO TPAHCIIOPTa BO3MOXKHA
OpraHu3anusi OTBaJOOOpa30BaHUA C MOMOINBIO TPAHCIOPTHO-
OTBAJILHBIX MOCTOB [3].

s Bcex M3BECTHBIX TEXHOJOTWH  OTBaooOpa3oBaHUA
HEOOXOMMO OPraHH30BaTh ABW)KEHUE TPAHCIIOPTHBIX CPEACTB MO
MOBEPXHOCTH OTBaja, II09TOMY HEOOXOAMMO CO3JaTh XOPOIIHE
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JIOPOT'H, TaK KaK OTChIIaHHAs IOPOJa UMEET HU3KYI YCTOHYUBOCTh
U 32 aBTOMOOMIBHBIMH H JKEIEC3HOJOPOKHBIMH JOpPOTaMU HAaIo
OCYIIECTBIIATh TOCTOSIHHBIN KOHTpOJIb. Pa6ora
TOPHOTPAHCIIOPTHOTO ~ O0OpYHOBaHMS  HAa  OTBaJax  IpH
CYIIECTBYIOIIUX TEXHOJOTHUIX BBI3BIBACT PsiA MpoOIeM, ITIaBHOH U3
KOTOPBIX SIBJISIETCSI IBMIKEHHE TEXHUKH BO3JIE IPU3MBI BO3MOKHOTO
oOpymenus: moponasl. Heobxomumo pa3pabarhiBaTh CHEIUATBHBIC
MEpOIPHATHS, CIOCOOCTBYIOIIME IPEAOTBPATHTh  OOpYIICHHE
TOpHBIX 1opox [4].

TexHonmoruss yKkiaagkd MYCTOM IOPOABI BO BHEIIHUN OTBal

TECHO  CBf3aHa €O  CIOCOOOM €€  TPaHCHOPTHPOBAHUSL.
BTOMOOWITBHBIH, JKEIEe3HOJOPOKHBIH, KOHBEHEPHBIH TPaHCIIOPT
00yCITOBHIH co3/laHHe " pasButne OYJBbJI03EpHOTO,

JKCKaBaTOPHOTO M KOHBEHEPHOIo CII0OCOOOB OTBAIOOOpPA30BAHUSL.
OCHOBHOI1 onepanuell B 3TUX CHOC00aX SIBISIETCS TTOIBEM MOPOJIBI
aBTOCAMOCBaJlaMH, TIIO€3[aMH WJIM KOHBEHEpOM Ha BEPXHIOIO
IUIOIIAIKy OTBAJBHOTO spyca M pasrpy3Ka HEHNOCPEICTBEHHO IT0J
OTKOC WM B TPHAMOK OTBAJBHOTO 3KCKaBaTOpa, KOTOPBIi
yKIagplBaeT Tmopoay B oTBal. [lostoMy 3¢ ¢eKTHBHOCTH
OTBaIOOOPA30BaHUs ONpENeNsieTcss B OCHOBHOM 3aTpaTaMH Ha
mogbeM moponsl. C 3TOW TOYKH 3peHUs aBTOMOOWJIBHBIA U
JKEJIE3HOMOPOXKHBIN TPAaHCHOPT HE ONTUMANbHBI B KauyecTBE
MOJTBEMHBIX CPECTB M3-3a BBICOKOTO ko3¢ dunuenrta taps (1o 0,8-
0,9). DTo MmarucTpajibHble BUABI TpaHcnopra. MHeIMH cioBamH,
aBrocaMocBasl Maccoil 80 T M MOJE3HON TPY30MOIBEMHOCTBIO 85-
87T mogHUMaeT 3a KaxIbplid peiic 62-63 T Gaiutacta MO CpaBHEHHIO
CO CKUTIOBBIM TMOJBEMHHKOM C KOd(pQHuIUeHTOM Tapsl ckumna 0,2
[5]. Cepbe3HbiM HETOCTATKOM HCIONB30BAHUSI KOJECHBIX BHUIIOB
TPaHCIOpTAa Ha OTBajiax SBISAETCS TPYAHOCTh OKCIUTyaTallud
aBTOJIOPOT U JKEJNE3HOAOPOXKHBIX NyTEH B CBSI3U C HU3KOW HECYLIEH
CIOCOOHOCTBIO MOBEPXHOCTH OTBAJIA.

l_[pI/IeM HOpO}]bI Ha )I(eﬂe3HO}10p0)I(HbIX OTBaJIaX BBIMOJIHACTCA C
JIOTIOJIHUTEJIBHOM ~ DHEPrOEMKOM  JKCKaBallued  MOpoJsl, Ha
OyJBIO3EPHBIX OTBAIaX — C JOTOJHHUTEIBHBIM IEpEeMEIICHUEM
mopopl  Oympao3epoM. Kpome Toro, paboTa TpaHCIOPTHOTO H
OTBAJIBHOTO  00OpYyIOBaHMS  BOJM3M  MPHU3MBI  BO3MOXKHOTO
0o0OpyIIeHns] CHIKaeT 0e30MacHOCTh BeACHUS paborT.

Mamepuanst u Mmemoost

CyIIecTBEHHO MOBBICHTh 3(P(EKTHBHOCTE H 0E30IIaCHOCTD
OTBaJIOOOPA30BaHUSI BO3MOXKHO HPH KOHTEHHEPHON TEXHOJIOTHU
JIOCTaBKH HIOPOJ] HA OTBAJIBL.

Jlns penieHus Bcex 0003HaYEHHBIX BOIIPOCOB IIPEIAraeTcst 1Ist
TPAaHCIIOPTHPOBKM  YKJIAJKH HOPOA B  OTBaI  NPUMCHUTH
KOHTEHHEPHYIO TEXHOJIOTHIO. [JIaBHBIM 3JE€MEHTOM TEXHOJOTHH
SBJISICTCS MOOWJIbHAS IIOJIbEMHAsI MAILIMHA, IIPY 3TOM HE BO3HHUKAET
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HEOOXOJMMOCTh B CTPOUTENBCTBE ABTOMOOWIIBHBIX JOPOT WM
JKETIE3HOJOPOXKHBIX TyTe Ha OOpPTy M TIOBEPXHOCTH OTBaja
(pucyHok 1).

JlocraBneHHas M3 Kapbepa pyla 3arpykaercsi B KOHTEHHEPBI,
KOTOpbIE MOABEMHBIMU MAIlMHAMHU JOCTABISIOTCA Cpazy K MECTy
pasrpysKu. Konreiinepsl 000pyI0BaHEI BO3MOXKHOCTBIO
caMopasrpy3ku, B pe3ylabTaTe 4ero rOpHas Macca BBICBHIIAETCS
HEIOCPEACTBEHHO B MECTO YKJIaJKU Ha OTBAJ€.

Puc. 1. Cxema oTBas1000pa3oBaHust MPY KOHTEHHEPHOH TEXHOIOTHH
C MOCJIOMHOH YKJIaAKOH MOPOJIbI

ITpy HEOOXOIUMOCTH MepeMelIeHHs KOHTeHHepa BO3MOXHO
UCIIOJIb30BAHUE ABTOINOrpYy3uHKa-KoHTelHepoBo3a. KoHTtelitHeps! ¢
TOPOJION yCTaHABIMBAIOTCA Tepe] (GPOHTOM OTBAJBHOM 3aXOIKH, a
noabEMHAsE MalllMHA pa3MeIlaeTcss Ha CIEHUAIbHOM IUIoIagKe
TIpenoTBaA.

IIpu ucnonb30BaHUM KOHTEHHEPHOM TEXHOJOTHU MPOUCXOIUT
CHI)KEHHE Ce0eCTOMMOCTH TPAHCIIOPTUPOBAHHMS N3-32 YMEHBIICHUS
BPEMEHHM DPAa3rpy3Kd TPAHCIOPTHBIX CPEACTB, CJIEIOBATEIIBHO,
pacTeT MpPOM3BOJAUTENILHOCTh BCEro KOMILIEKca OO0OpYIOBaHUS
o bEMa rOpHON Macchl.

TexHonmornueckass cxema KOHTEHHEpPHOro moabéMa Ha OTBajax
oOamaeT [OOCTaTOYHOM HAIEKHOCTEIO M THOKocThio. OHa
MO3BOJSIET  TOCTENIEHHO  HApamuBaTh  BBICOTYy  IOABEMA,
pacnpenenuTs 00OpyIOBaHHE TIOIBbEMA II0 BCEMY OTBaIy,
pacipenenuTs TOpPHYK I[OpOXY IO pPa3HbIM BHJAM, 4YTO JacT
BO3MOXXHOCTh JJaJIbHEHINEro e€ NCroIb30BaHMUs.

KoHTeliHepHBIli MOXBEM MO3BOJIAET  PELIUTH
po0sIeMBl 0TBaI0O0OPAa30BaHUS TOPHBIX TIOPOJ:

HEKOTOpbIe

BO-TICPBLIX, IOABEM l"OpHOI71 MacCChbI BBITIOJIHACTCA C
HCIIOJIb30BAHUEM IOABEMHBIX MallnH, qTOo CHMXKacCT
SHEpro3arparskl, o CpaBHCHUIO C TPAaHCIIOPTUPOBAHUEM
ABTOTPAHCIIOPTOM;

BO-BTOPBIX. B OTJIMYHUE OT XKEJIE3HOJIOPOKHOIO TPAHCIIOPTa PU
YKJIaAKEe MmopoAbl B OTBAaJl HE BBINOJHACTCA IIPOLECC IIEPEBAIIKU
TOPHOW Macchl U3 MIPUAMKA;

B-TPETHUX, 60J'I]>Ll_la${ JUIMHA CTPEJIbI HOHbeMHOP’I MaIllInuHbI
MO3BOJISIET 3HAYUTETHHO YBEIMUYHTH BBICOTY OTBAJBHOTO sipyca M
MIMPUHY 3aXO0JIKH.

3a cueT NMpUMEHEeHNUsI HOBOTO KOMIUIEKCAa 000pyIOBaHUSI MOXKET
OBITH yBENMUYEHA BBICOTA OTBAJA, YTO MPUBEAET K COKPAIICHHUIO €T
IomaAU. OTO MO3BOJUT MOMYYUTh 3HAYNTENbHBIH 3KOJOTHUECKU
Y 9KOHOMHYECKHH P PeKT.

KonTeitHepHas TEXHONOTHS W3MEHHUT IOPSAOK paboThI, MPH
5TOM CHM)KAE€TCSl BBICOTA MOABEMA TOPHOM MacChl 3a CYET €€
MOCJIOWHOM TOPU30HTAILHON YKJIaAKU. bosbliue pasmMepsl CTpeEbl
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NOABEMHOM  MAalIMHBI ~ TO3BOJNAT  YBEAMYUTh  KOJIHYECTBO
YKJIa/bIBA€MOI TOPHOM Macchl B MPE/EIax OTBAIbHOMN 3aX0IKHU.

besomacHOCTh TOpHBIX pabOT OyAeT AOCTUIHYTa OTCYTCTBHEM
TPaHCIOPTHBIX KOMMYHMKAallUi Ha MOBEpXHOCTH oOTBajna. Ha
3eMHOH ITOBEPXHOCTH PSIOM C OTBAIOM OYyAET CO34aH MOOWIBHBIH
HEeperpy304YHbIi ITyHKT, TJe OyAeT OCYIIEeCTBIAThCS Ieperenka
koHTeliHepoB. [lopoma Oydmer aBTOMAaTHYECKHM BBITPY)XaThCS B
HEO0OXOJMMOH TOUKE Ha MOBEPXHOCTH OTBaNA, IIOCIIE YEeTO IyCTOH
KOHTEMHEp [OCTaBIsEeTCSd HaszaJl B 30HY 3arpy3kd NOIbEMHOMN
MAaIlUHOM.

3anonHeHHe KOHTEHHEpOB TOPHOW Maccoil Ha oTBajaX Kaphepa
BO3MOXHO MO pa3IH4YHbIM cxeMaM. Cpean OCHOBHBIX MOXKHO
BBIIEIUTD CIEIYIOLIHE:

1 cxemMa — KOBILIOBBIMU IIOIPY3YHKaMU;

2 cxeMa — HEelOCPEICTBEHHOM Ieperpy3Koi U3 aBTOCaMOCBAJIOB
C 3CTaKaJbl;

3 cxema — 4epe3 IPOMEXYTOUHbIH OyHKep IUIaCTHHYATHIM HIIH
JIEHTOYHBIM MUTATEIEM.

Be160p cXeMBl B KOHKPETHBIX YCIOBHUSIX MOXET OBITH ClIeNIaH Ha
OCHOBE TEXHHUKO-3KOHOMHYECKOTO aHaJN3a.

Hcronp30BaHue KOBIIOBBIX IOTPY3UHMKOB BBITOAHO IIPH
HEOOJBIINX PAcCTOSHMAX OT 3a00€B [0 MecTa IOoAbeMa
KOHTEIHEpPOB U JOCTaBKE TOJBKO IO TFOPU30HTAIBHBIM YydacTKaMm
Tpaccel. OrpaHuYeHNueM 00JIacTH NPUMEHCHUS 9TOH CXEMBI MOXKET
CTaTh U TPYJHOCTb SKCKaBallU1 TOPHOM MacChl.

[leperpy3ka ropHoii Maccel B KOHTEHHEP U3 aBTOCAMOCBaia IO
BTOPOH cXeMe 00ECHEeYUT BBICOKYIO HMPOHM3BOAUTENBHOCTH PaboT,
HO COTIpsDKeHa ¢ OOJBIIMMY yAapHBIMU HAarpy3KaMH Ha KOHTEHHEp
U CTpPOTO OTPaHWYMBAET TIPY30HNOABEMHOCTh aBTOCAMOCBAJIOB.
Hcnonp3oBanue 3TOI cXeMbl BO3MOXKHO IPH IPY30MOABEMHOCTH
aBTOCaMOCBaja, PaBHOW Ipy30I0JbEMHOCTH KOHTEHHepa, U INpH
MEJIKOKYCKOBaTO! rOpHOI Macce.

HanbGonee  yHUBepcasbHOW  sIBISETCS  TpeThS  CXeMa,
MpecTaBlICHHAS Ha PUCYHKE 2.
1 2 3 4 5
A B TPV I W

-

Puc. 2. Kanaruslit skckaBarop HS-8300 ¢ rpefidepom: 1 —
aBTOCAMOCBal, 2 — MUTaTeb ¢ OyHKEepoM, 3 — KoHTelHep, 4 —
MOILEMHBII KaHaT AparjaifHa, 5 — TAroBbIi KaHaT AparjaiiHa.

Pesynomamot u oocysicoenue

ITlo »srTolf cxeme TOpHYI0O Maccy JIOCTaBIIIOT OT 3aboeB
aBTOCAMOCBAJIAMH JTIO00H TPY30IOABEMHOCTH M BEITPYXKAIOT B
OyHKEp IIaCTMHYATOTO WM JICHTOYHOTO IIHTaTeNsl, KOTOPBIHA
3aIONHAET KOHTEHHEepHI 110 Mepe UX MoJaul KaphepHOH OABEMHON
MammHOH. HemocraTkoM Takol CXeMBI SIBISICTCS IOHIDKEHHAs
CKOPOCTh 3aloJHEHUs] KOHTeiHepa B CpaBHEHMH, JOMYCTHM, CO
cxemoit Ne 1 mim Ne 2. Hampuwmep, nurarens Ttuma 1-24-150,
UMeIoUH mupuHy nojotHa 2400 MM, MoLIHOCTH mpuBoja 37,5
KBT 1 cobcTBenHyro Maccy 108 T npu BeicoTe pabouero cnost 0,8 M
¢ HACHIMHOH IUIOTHOCThIO Marepuana 1,5 1/m°, obecmeumpaer
npousBoauTesbHOCTE 2000 M>/aac wm 0,83 T/c. Ilpm Taxoit
IIPOU3BOJAUTEIILHOCTU Ha 3aII0JHEHHUE KOHTeHHepa
rpyzonogbeMHOCTBI0O 70 T morpebyercss 66 CeKyHI, dTO
3HAQUUTENbHO YUIMHUT pPabO4YMidi LUKJI KaphepHOH MNOABEMHOM
MAallMHBl ¥ CHU3MT €€ INPOHM3BOAUTENBHOCTh. Jlyisi obecrmeueHus
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BpPEMEHM 3arpy3Kd KOHTeWHepa B mpenenax 35 ¢ HeoOXoauMo
nono0parth nuTaTesb ¢ nojaueii He mexee 1,6 1/c nim 3800 My,

KomnnekcHass cpaBHUTENbHas OLIEHKA IPEAIaracMoi CXeMsl
MEePErpy304HOro IyHKTa M CYIIECTBYIOLIETO BHYTPHUKAPbEPHOTO
CKJIaJa ITa0eNBPHOTO THNA  BBIIOJHEHa IO  CIIEXYIOMNM
MOKa3aTeJsIM: CTOMMOCTh KOMIUIEKTa OO0OpYZOBaHHS; TOMOBEIC
JKCIUTyaTallHOHHBIC ~3aTpaThl; 00BEM M CTOMMOCTH TOPHO-
KalHUTaJbHBIX Pa00T, HEOOXOIUMBIX IV pa3MEIIeHUs B Kapbepe
MEePErpy304HOTO MyHKTA ¥ MOABE3THBIX KOMMYHHKAIHUI.

Jnsg  cOBEpIIEHCTBOBaHMS TPEThEH CXEMbl IPEAaraeTcs
BHEIPUTh  INPOMEKYTOUYHBI  KOHBeWep,  KOTOpBIA  Oynmer
ycTaHaBiIMBaThCsl Ha Oase skckaBatopa OKI-10. Ha mem Oymyt
MepeMeNIaThesl MyCThle KOHTEHHEPHI, KOTOpble OyayT MOJaBaThCs
MoJ| TIOTPY3KY INEKOBOH apoOmiku. ['pyxeHHBIE KOHTEHHEepH ¢
JIpyroro KOHIA KOHBeWepa OyIyT 3axBaTHIBaThCS ITOXBEMHON
MAaIIMHON U TPaHCHOPTHUPOBATHECS B OTBAJN, TEM CAMBIM HOBBICHTCS
TIPOM3BOIUTENILHOCTD MIEPETPY309HOTO y371a. Y CTAaHOBKA KOHBeiepa
Ha TYCEHHYHbIH XOJ MO3BOJIUT TE€PeMeIlaTh BeCh HEPerpy304HbIit
y3ell IpH He0OXOAUMOCTH (PUCYHOK 3).

wan

Puc. 3. Cxema nepeBImKHOTO KOHTEHHepa

OGbeM Macchl MaTepHalIa B KOHTEHHEpE, M-:

\Y

m
P

riae M — macca KOHTeHHepa, KT
P — HACBIMHAs TUIOTHOCTH ITOPO/IbI, /M.

v = 10000 _ ¢
2800

KoHcTpyKTHBHO NpUHUMAIOTCA pa3Mepbl KoHTeitHepa 3x3x3 M.

upuna HacTHiIa A LITYYHOTO Ipy3a ONpelessercs Mo ero
pasmepam, M:

B=B,.+(0,1+0,15)=3+0,15=3,15.

TToroHHast Harpy3ka OT TPaHCIIOPTHPYEMOTO IITYYHOTO TpPy3a,
Kr/M, otipefensiercs mo Gopmye:

m
aq, T

rze | — mar ycTaHOBKH paBHBIH 15 M.

= 70000 =4666,67.

2p

IloroHnass Harpy3ka OT COOCTBEHHOI'O Beca JBHKYIIUXCS
gacreii (mosotHa ¢ nensmu), H/u, onpenensercs mo Gopmye:

g, =(60-B+A)
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roe A - kodpduIMEHT, NPUHUMACMBIA B 3aBHCHMOCTH OT
LIMPHUHBI HONOTHA, A=150.

g, =60-3+150=330.

MeroaoM 00X0/a BBIBISETCS MaKCHMajibHas U MHHHMAaJIbHAs
Harpys3ka Ha IPUBOJHBIC 3BE3T0YKH.
Benunuuna tarosoro ycunus Fo, H, Ha npuBoiHOI 3Be310UKe:

FO 2533 : F4 - Fl’
F, =1,06-95997,97 —1500 =100257,85.

MOoIIHOCTE 3JIeKTpOABUTATENs IJISI MPUBOAA KOHBelepa, KBT,
ompenensercs no Gopmyre:

F-v

~ _ 100257,85-0,25
1000-77,,,

1000-0,9

=27,85..

rae np- KI1J] npuBoxa, nmpuauMaeTcs paBHbM 0,9;
V - CKOPOCTb JABMKEHUS moJjioTHA. V=0,25 m/c.

[lpuHNMaeTcs 3MEKTPOABUraTeNbh C TOBBIIICHHBIM ITyCKOBBIM
MoMmeHToM cepur 4A: tun asuratens - 4AP200L6Y3; momHOCTh
N=30 kBr; uyacrora Bpamenus 975 00/MuH.

Jis  mpenoTBpalIeHHs — ONPOKUABIBAHUS — MEPEIBUIKHOTO
KOHBelepa MpearacTes yCTaHAaBJIMBaTh o Kpasm
TUIPABINYECKUEC TOMKPATHI, YACPKUBAIOLINE CHU3Y PaMy.

Boiteoown

BHenpeHne KoHTeHHEpHON TEXHOJIOTHH Ha OTBaJIaX MPUBEIET K
YIYUIICHUIO BCEX TEXHOJIOTHUECKUX mokasaTteneid. IIpousoiiner
COKpaIlleHHe MapKa AKCKaBaTOPOB HA OTBajle, 4TO NPHBENET K
SKOHOMHH JHEpropecypcoB. I3-3a OTCYTCTBHS HEOOXOIUMOCTH
MEepeMeNIaThesl 10 MOBEPXHOCTH OTBAla COKPATHTCS PACCTOSHHE
OTKaTK{ aBTOCAMOCBAJIaMH, YTO NPHUBEJET K YMEHBIICHNIO PacXoaa
JIM3€IEHOTO TOIUIMBA. YMEHBIICHUE IUIOMAIH OTBAJOB YIYy4IIUT
JKOJIOTHUECKYI0 OOCTaHOBKY B pervoHe. IIpum KoHTelHepHOH
TEXHOJIOTMH OyAyT NPHUMEHSAThCS ONTHMAaNbHBIE BHIBI TOPHOM
TEXHUKH M BCE Heperpy304yHble onepanuy OyayT BBIOJHATHCS C
BBICOKOH  MPOM3BOJAMUTENBHOCTBIO, UTO OOECHEYNT BBICOKHI
K02 pUIHEHT NCTIONB30BaHUS 000PYIOBAHHS.

Jannoe uccredosanue gunancuposarocy Komumemom mayku
Munucmepcmea Hayku u  evicuteco o6pasosanus Pecnyonuxu
Kaszaxcman (Tpanm Ne AP19675410).
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Numerical modeling and determination of tensile properties of 3D printed composite
specimens
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Abstract: In this paper, the tensile strength of the composite material made of onyx and carbon fibers was investigated. Onyx is a material
manufactured by the company Mark Forged, which is used for 3D printing of composite materials. It is a thermoplastic filled with carbon
fibers used for printing solid and rigid parts. The tensile test according to the standard ISO 527 was carried out experimentally and the
numerical results were obtained by numerically modelling the test specimen and simulating the test in Ansys, after which the results obtained

experimentally and numerically were compared.

Keywords: TENSILE PROPERTIES, COMPOSITE, NUMERICAL MODELING, 3D PRINTING

1. Introduction

Nowadays, 3D printing technology is becoming more and more
common. FDM (Fused Deposition Modelling) is one of the most
popular additive manufacturing techniques used to investigate the
elastic properties of 3D printed polymer composite structures. [1]
Polymer materials are most commonly used in FDM printing.
Polymers are very large molecules or macromolecules that are
formed by the chemical bonding of a large number of smaller
molecules or repeating units called monomers. [2]

In FDM printing, a polymer thread (filament) is unwound from
a spool and fed to a nozzle, which is then heated to melt the
filament and can be moved horizontally and vertically to form
layers, while the filament solidifies immediately after exiting the
nozzle, thus creating the final product. [3] In continuous fiber
fabrication (CFF), the fibers are softened (not melted) and captured
by the thermopolymer matrix, similar to how thermopolymer
adhesives such as epoxy capture the fibers in traditional fiber
fabrication processes. [3]

The Markforged Two 3D printer is the first commercial FDM-
based composite printer, developed by Markforged in 2014, and
features a print head with two separate extrusion nozzles for
polymer and continuous fiber reinforcement. [1] It is therefore
suitable for printing composites with a polymer matrix and
continuous fiber reinforcements. Composites are materials made by
combining two or more different materials (selected fillers or
reinforced with a compatible matrix as a binder) with the aim of
achieving specific characteristics and properties that a single
component does not have alone. [4]

Carbon fiber composites are used where low mass with high
stiffness and strength is required. They are therefore particularly
suitable for use in the aerospace industry, then in the manufacture of
wind turbines, shipbuilding, construction, the telecommunication
industry, the manufacture of orthopaedic aids, the automotive
industry, electrical engineering, the chemical industry, the nuclear
industry and nanotechnology. [5]

2. Problem description

Additive manufacturing (3D printing) technology is becoming
more and more prevalent in rapid prototyping these days. However,
in order to use it for industrial purposes, it is important to verify the
mechanical properties of the printed samples. Therefore, this work
investigates the tensile properties of a 3D-printed polymer
composite in which continuous carbon fibers are added to the onyx
polymer matrix as reinforcement.

Onyx is a material produced by the company Mark Forged and
used for 3D printing of composite materials. It is a thermopolymer
filled with carbon fibers used for printing solid and rigid parts. [2]

The standard 1SO 527 — 1:1993 - Determination of tensile
properties prescribes the shape and standard dimensions of test
specimens. For polymer specimens reinforced with continuous

fibers, the standard specimen 5A is used. [6] The shape of sample
5A is shown in Figure 1, while the dimensions are listed in Table 1.
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Fig. 1 Shape of tensile sample 5A [6]
Table 1 Dimensions of tensile sample 5A [6]
Dimensions, mm
Shape of tensile sample 5A 5B
I, — total length >75 >35
b, — width at the end 12,5+1 6+0,5
I; — length of the narrow parallel
part 25+1 1240,5
b, — width of the narrow part 40,1 240,1
r; — small radius 8+0,5 3+0,1
r, — large radius 12,5+1 3+0,1
L — initial distance 50+2 2012
Lo — measuring length 20+0,5 10+0,2
h - thickness >2 >1
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The selected sample consisted of 16 layers, with layers 1 — 4, 8—
9, 13-16 consisting of onyx only (layer stacks with +45°, -45° fiber
orientation), while the other layers had a carbon fiber in the layer
and a triangular filling of onyx inside. The specimen was made with
41% filling and contained a total of 6 carbon fibers.

During the work, an experiment was conducted to test the
specimen on a tensile testing machine. A numerical analysis was
also carried out using the finite element method in Ansys
Workbench, after which the experimental and numerical results
were compared.

3. Experimental analysis

In order to carry out the experiment, it was necessary to produce
test specimens. The specimens were produced using 3D printing
technology. The 3D printing process consists of the following steps:

1. Creation of the geometry of the specimen (specimen with
dimensions according to 1ISO 527 — 1:1993) in the software CAD
(Siemens NX 12.0)

2. The CAD model was exported as an STL file, as a universal
input file type for 3D printers.
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3. After exporting the model, the STL file was uploaded to the
slicing software. Markforged printers use the Eiger software. In the
slicing software, the parameters required for 3D printing the
specimen had to be defined (filling percentage, number of
reinforcing fibers, layer thickness, type of filling elements,...).
Figure 2 shows the layers in the slicing software.

4. Printing the specimen on a 3D printer (Markforged Mark
Two). The Markforged Mark Two printer, as previously mentioned,
contains two nozzles, one of which is used for 3D printing of onyx,
while the other provides continuous carbon fiber reinforcement.

Fig. 2 Appearance of specimen layers: a) top, bottom and middle
layer, b) fiber reinforced layers

When the specimens were 3D printed, they had to be separated
from the base and were ready for testing after finishing. The tensile
test was performed on a Shimadzu AGS-x 10 kN tensile testing
machine to determine the tensile properties. The tensile testing
machine consists of a housing, a force transmission mechanism,
clamps, and a device to record the force-strain results. During the
test, the specimen was clamped into the testing machine and
continuously loaded until failure. During the test, the force at which
yielding occurred and the maximum force were recorded. The
force-strain curve was recorded. The standard defines the
dimensions of the test specimen, the speed, the temperature of the
environment and the performance of the test, as well as the
calculation of the results. In this work, three test specimens with
41% fill and 6 carbon fibers were tested. Figure 3 shows three test
specimens that broke during the test, and it is obvious that all three
failed in the same way.

B smvegi
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Fig. 3 Specimens after the experiment

4. Numerical analysis

After the experiment was performed, it was necessary to
perform a numerical analysis. The software used for the numerical
analysis with the finite element method is Ansys Workbench. To
perform the analysis, the following steps were necessary:

1. To define the material (Engineering Data) - it was necessary
to define the material properties for onyx and carbon fiber. For onyx
and carbon fiber, the material properties were taken from the table
provided by the manufacturer Markforged. Certain properties that
were not defined in the table were taken in accordance with the
investigation made in the paper F. Ghebretinsae et. al [7]. The

66

material properties defined for carbon fiber are: p=1400 kg/m®,
E.=60 GPa, E~=E,=8,5 GPa, v,=1,=0,1, »,=0,12, G,,=G,,=8,5
GPa, G,,=3,4 GPa. The material properties defined for onyx are:
p=1200 kg/m®, E=2,4 GPa, v=0,39

2. Creating the geometry of the specimen in 3D modeling
software (Siemens NX 12.0) and importing the geometry into Ansys
and setting up the surface models in the SpaceClaim module
required to define the orientation of the fibers

3. Starting the Model module - it was necessary to define the
thickness of the surface model and associate the material with them.
After that, the mesh was set up. The meshing method was set to
Quadrilateral and the element type is Quad/Tri. The size of the
elements was set to 1 mm for the top (13-16 layer), middle (8-9
layer) and bottom layer (1-4 layer), while 0,042 mm was set for the
other elements. After meshing of the model, it was necessary to
make a Named Selection in order to import them into ACP as
Element Sets and Edge Sets. In the Named Selection, it was
necessary to select the faces or lines to be placed in ACP as
Element Sets or Edge Sets and confirm them. Also, the Named
Selection had to be defined for all surfaces and fibers of the
specimen and for the edges of the carbon fiber paths

4. Starting the ACP (Pre) module — in this module the layers are
placed and the fiber orientation is defined. When defining the layers
and fiber orientation, it is important to follow the steps below:

a) Defining data under Material Data — it was necessary to
define Fibers (fiber material and layer thickness), Stackup
(materials used in stackup and their orientation)

b) Defining the rosette - for the top, bottom and middle layer
Type: Parallel, where the x-axis of the rosette was set in the
direction of the fibers, while for the other layers (fibers) Type: Edge
Wise and the path of the carbon fiber was selected as Edge Set

c) Defining an Oriented Selection Set — it was necessary to
select an Element Set, select a point on the surface of the Element
Set, select the direction of adding the layer and select a rosette

d) Defining Modeling Group and Ply — it was necessary to
create a Modeling Group and add a Ply to this Modeling Group.
When defining the Ply, it was necessary to select the Oriented
Selection Set, the fiber used and the number of layers

e) Defining the Solid Model

5. Transferring Solid Composite Data into Static Structural and
starting the Static Structural Module

The boundary conditions have be defined in the Static Structural
module. Since the pressure obtained by the experiment had a value
of approximately 120 MPa and occurred in the middle of the
specimen where the area A;=4x2=8 mm?, a load of
F=0,xA;=120x8=960 N was applied on the specimen. At the ends
of the specimen, the pressure (stress) was determined by dividing
the force obtained from the stress at the center by the area at the end
of the specimen, which was A,=12,5x2=25 mm?, and thus it was
0,=F/A,=960/25=38,4 MPa. Thus, as boundary conditions, a fixed
support was placed at one end (Fig. 4), while a pressure of 38,4
MPa prevailed at the other end (Fig. 5).

[owee - sox] QA QA ke HEDVBEE® B Cipnond- (Gmpey] Dotend= 3, Sty @Comen
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Fig. 4 Fixed support on one side of the specimen



Fig. 5 Pressure on other side of the specimen
6. Starting the solver and getting the analysis results

5. Results and discussion

After the experiment and numerical analysis were performed,
obtained results were compared. The experiment showed that the
maximum stress was approximately 120 MPa, the deformation was
approximately 0,06%, and the average modulus of elasticity was
about 2800 MPa. These results are shown in Table 2.

Since the stress on the whole surface was calculated in the
experiment and the filling ratio was 41%, it was assumed that the
actual surface area was 41% of the whole surface. When the stress
obtained by the experiment was divided by the real surface (41% of
A), the stress acting on the real surface was 292,68 MPa.

Table 1 Results obtained by the experiment

Specimen Max. stress, Deformation, Elastic
modulus,
label MPa %
MPa
9 (41-6) 117,65 0,05950 2909,6
10 (41-6) 117,15 0,05960 2847,78
11 (41-6) 120,31 0,06359 2768,24

It is also possible to display diagrams of the test results. Figure
6 shows diagrams for all three test specimens made with 41% filling
and 6 layers reinforced with fibers obtained from the test results. It
can be seen that all three diagrams are similar.

Fig. 6 Diagrams obtained from the test results

Once the material, geometry, mesh, fiber orientation and
boundary conditions have been specified in Ansys, it was possible
to start the process of solution. The results showed the stress in the
x-axis direction and the displacement in the same direction, and
they are compared with the results obtained in the experiment. The
experiment showed that the average value of the deformation is
0,0609%. From the deformation, it was possible to calculate the
displacement according to the expression:

-1 00609 =75

A= 100 100

100 = (0,045 mm
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Figure 7 shows the displacements obtained by numerical
analysis. It can be seen that the largest displacement is 0,042 mm.
By comparing the numerical and experimental results, it is obtained
that the deformation deviation is 6,7%.

Fig. 7 Displacements obtained by numerical analysis

After comparing the results for the displacements, the
comparison was extended to the stress results. Figure 8 shows the
stresses obtained by numerical analysis. It can be seen that the
highest stress is 240,03 MPa. The comparison of the numerical and
experimental results showed that the stress deviation is 18%.
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Fig. 8 Stresses obtained by numerical analysis

Table 3 shows a comparison of the deformation and stress
results of the numerical analysis and the experiment with the
calculated associated deviations.

Table 1 Comparison of experimental and numerical results

Experiment Numerlf:al Deviation, %
analysis
Stress, MPa 292,68 240,03 18
Displacement, 0,045 0,042 6.7
mm
6. Conclusion

The aim of this work was to numerically model the tensile
behavior of 3D printed composite polymer specimens, and then
compare it with the experimentally obtained tensile behavior. First
of all, an experimental tensile test was performed according to the
ISO 527 standard, and the numerical results of the tensile strength
were obtained by numerical modeling of the test specimen and
simulation of the test in Ansys.

In the experiment, where the force was applied to the actual
surface of the specimen, a tensile strength with a value of about 293
MPa and a displacement of 0,045 mm was obtained. The numerical
analysis, in which the force was applied to the entire surface,
showed that the stresses were about 240 MPa and the displacements
were 0,042 mm.

The comparison of the experimental and numerical results
showed that the deviation in the stress results is 18%, while the
deviation in the displacement results is 6,7%. The deviations in the
results are due to the approximation of circular fibers by square
fibers due to limitations in the software. Further investigation will
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include modeling of circular geometries of fibers once this option is
available in a future version of the software. This would greatly
improve the accuracy of the simulation results.

In addition, the software restricts the import of the model
modeled in layers into the Explicit Dynamics module. Therefore, it
was not possible to actually model the final failure of the specimen,
but only load it with the experimentally determined pressure and
then obtain the stress and displacement results. This could also be
resolved in future versions of the software.
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Method for Estimating a Residual Service Life of Fibre-reinforced Industrial Concrete
Floorings and Pavements
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Abstract: Current construction practice often implies the need to carry out specific actions related to the specification of current
operating characteristics of existing and operated in different periods in different ways fibre-reinforced industrial concrete internal floorings
and external pavements. Such problems are most often related to a planned change in the operating load, or to estimate their service life in
the future. In this regard, specific parameters of a system approach proposed by the author are specified below, including the necessary
preliminary field, laboratory and analytical activities related to establishing the current strength-deformation and other essential
characteristics of existing industrial concrete floorings and pavements, as follows: concrete cross-section thickness, concrete strength-
deformation characteristics, type and amount of reinforcement used (including fibres), deformation characteristics of the crushed-stone base
- according to the dynamic penetration in number of test points, static calculations for the new load conditions, restoring their integrity after
sampling, etc. Given the lack of any normative documents on the subject, the proposed systematic approach to the assessment of the residual
operational resource of existing fibre-reinforced industrial concrete floorings/pavements is of important methodological importance and
fully corresponds to the needs of real construction practice. Its practical use has been approved by the author through a number of
successfully conducted systematic expert procedures at a number of sites in the country and abroad.

Keywords: FIBRE-REINFORCED CONCRETE, STRENGTH, DEFORMATION, CONCRETE FLOORINGS, SERVICE-LIFE

1. Introduction

Initially, it should be noted the existing relative ambiguity in
the definition and in the methods of construction and sizing of
fibre-reinforced industrial concrete floorings/pavements, which are
contributed to by the fact that they are not defined separately,
precisely and unambiguous - as in the still valid Bulgarian rules for
the design of concrete and reinforced concrete structures as well as
in Eurocode 2 [1].

In this sense, and in the aspect of the present exposition, is the
definition proposed by the author for industrial concrete floors:
cast-in-place specific type of concrete structure with geometric
dimensions in plan many times exceeding the dimensions in
height, designed as a slab on an elastic base and executed by
surface machine power-floating, for long-term bearing of specific
operating loads with ensured resistance to environmental [2].

Current construction practice often implies the need to carry
out specific actions related to the specification of current operating
characteristics of existing and used in different periods in different
ways fibre-reinforced industrial concrete floorings and pavements.
Such problems are most often related to a planned change in the
operating loads, or to establish current damages, which calls into
question the continued service life of construction.

In this case, it is obviously not possible to offer an optimal
technical solution without obtaining the necessary information in
two important aspects - the actual current state of the
floorings/pavements in general and the potential future operating
loads predicted.

Regarding the first mentioned aspect, the practice shows that
there are serious problems related to the adequate assessment of
the applicability and wusability of the industrial concrete
floor/pavement after certain time of operating. It can be seen that
this current state is a complex characteristic, the individual
components of which by themselves cannot be considered as
mutually independent. For example, if the established compressive
strength of the concrete corresponds to the design characteristics,
this does not provide guarantees of future flawless operation, if the
parameters of the located below compacted crushed stone base are
compromised.

Examples similar to that one is too many - given the
multifactorial  interdependencies of the individual key
characteristics of the floorings/pavements as a whole, which cannot
be established only on the basis of existing standards.

In this connection, there is a need to develop a complex
systematic approach to the problem, through which to propose and
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unify a series of in-situ, laboratory and analytical activities,
through which to evaluate the overall actual state of the finished
and operated concrete flooring/pavement over time. The formatter
will need to create these components, incorporating the applicable
criteria that follow.

2. Method proposed

The statement below specifies specific components of a system
approach proposed by the author, including the necessary
preliminary, field, laboratory and analytical activities related to
establishing the current strength-deformation and other essential
characteristics of existing industrial concrete floorings/pavements
on the site, namely:

- Review of the existing project documentation, if any;

- Detailed visual technical inspection of the flooring and
specification of visible defects;

- General condition of the executed crushed stone embankment
under the pavement;

- Basic concrete physical-mechanical characteristics;

- Flooring/pavement concrete cross-section thickness;

- Type and amount of reinforcement used,;

- Assessment of the depth and width of possible presence of
cracks with different genesis of manifestation;

- Adhesive bonding of the applied dry shake surface hardener
to the main concrete section as part of the finishing treatment, etc.

2.1. Visual Technical Inspection

As a first and mandatory step, a specialized technical visual
inspection has to be planned and carried out to establish the actual
general state of the flooring/pavement. The type of flooring
(jointed, or joint-less), location of the different types of joints
(insulation, expansion and saw-cut one), characteristic sizes of
one-day casting fields, type and state of the finish surface (with or
without surface hardener, presence of impregnating systems and
products), noticeable defects (various types of cracking,
delamination, unregulated opening and defecting of various types
of joints, collapse of the base, deplaning of individual fields,
dusting, etc.) — Photos 1-6.

As a result of the visual inspection, an initial assessment of the
general serviceability of the flooring/pavement can be made,
specifying the individual types of visible defects and the way to
assess their significance for the operational condition.
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Photo 5 Photo 6

2.2. General State of the Completed Crush-stone base under
the Flooring

The different test procedures described in Eurocode 7 [3,4]
should be applied.

Initially, the entire flooring area has to be scanned with a
specialized device — geo-radar, to establish the presence of
voluminous caverns under the flooring/pavement, due to the
collapse of the crushed stone base, or sub-base - Photos 7-8.

Photo 8

hto 10 »
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These specialized studies are able to provide an answer for the
presence of local defects in the completed bases, the location of
which has to be mapped on a separate drawing - flooring plan.

A good example is the use of the Radarteam Cobra GPR
system, consisting of a GPR and antenna, an on-board computer
with a screen and a moving cart. The multi-frequency spectrum of
operation is from 100 to 900 Mhz, which allows scanning depths
of up to 10 m, and obtaining a real-time signal diagram is possible.

In cases where there is doubt about problems with the soil
layers at depth, it is also possible to apply deep drilling with
sampling through mobile drilling rigs. A lithological description of
the different types of soil layers passed is made, determining the
physical and mechanical characteristics of the different types
passed, including the possible presence of water-bearing layers, too
- Photos 9-10.

In the boreholes, it is possible and desirable to conduct base
compaction investigations with penetration tests (SPT) to establish
the deformation characteristics of the "bottom edge of
flooring/pavement" elevation. In this way, the nodal index of the
base-compaction can be determined - the so-called bed coefficient
(Winkler’s constant, MN/m®). This coefficient is directly involved
in the static dimensioning of floorings/pavements as a base-
supporting structure - a slab on an elastic ground [5,6,7].

Field tests with a dynamic penetrometer allow the
determination of important technical characteristics of construction
soils (embankments) - bulk density, bulk density in a water-
saturated state, modulus of total deformation, speed of propagation
of transverse waves (Vs), dynamic shear modulus (G), modulus of
total deformation (E,), Poisson's ratio, modulus of elasticity,
indicators of undrained strength (cohesion or angle of internal
friction @), peak resistance of the cone, Winkler's constant, etc.
The last parameter is directly related to the subsequent calculation
procedures for dimensioning the flooring/pavement with the new
load.

This type of field research can be carried out using a (super
heavy) penetrometer, for example of the type DPSH-B. The results
can be perceived as sufficiently informative, and with a good
correlation with archival ones, obtained by loading with a round
plate according to BDS 15130-80 at the level "lower edge of
flooring/pavement” during the implementation of embankment
works [8].

Everything said above makes it possible to assess the general
condition of the completed crushed stone base, as a part of as part
of the operational load bearing system.

2.3. Steel Bars Reinforcement Identification

HILTI "PS 200” Ferroscan device is designed for the
operational control of the placement, thickness of the concrete
cover and the diameter of the reinforcing steel in concrete
elements, structures and products by the method of magnetic
induction. It works according to the requirements of BS 1881-
204:1988 [9].

Photo 11 Photo 12
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The use of this device can identify the potential presence of
upper steel reinforcement in the form of single bars or welded
mesh, their distribution in plan and single bars diameter, as well as
the actual thickness of the concrete cover - Photos 11-12.

The identification of the reinforcement system used also has an
arbitrage value - it shows whether the developed design has been
correctly laid out in the building stage.

2.4. Concrete Basic Physics and Mechanical Characteristics

The drilling test concrete samples (cores), after standard
processing, make it possible to determine the thickness of the
flooring/pavement, visually directly establish the presence of steel-
bars reinforcement and/or fibers with structural purpose, the
volume density, compressive strength and splitting tensile strength,
as well as modulus of elastic deformations by direct loading and by
using of the ultrasonic method.

In agreement with the contractor, a scheme for sampling by
drilling and extracting drill cores has to be drawn up, based on
which a number of strength-deformation and special characteristics
of the existing flooring/pavement have to be determined - volume
density and class of concrete in terms of compressive strength,
splitting tensile strength, modulus of elasticity of concrete,
concrete cross-section thickness, type and amount of fiber-
reinforcement.

Photo 13

Photo 17

Photo 18

The core cutting, preparation and testing are carried out
according to the requirements of the current national and European
standards. The test procedures should be in accordance with the
requirements of the following several current standards
[9,10,11,12,13].

After drilling concrete cores are cut with a diamond cutting
disc to produce cylindrical samples (Photo 17). The cutting
direction is parallel to the vertical axis of the core. The mass has to
be measured to determine the volume density of the concrete
(Photo 18). Surfaces intended for loading are processed by
grinding or by coating (Photo 19).
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Photo 19

Photo 20

Initially, it is possible to determine the dynamic elastic
modulus of concrete by a non-destructive method (Photo 19)
according to BDS EN 12504-4:2005 [12]. The relationship
between ultrasonic speed velocity and dynamic modulus of
elasticity of concrete is expressed by the formula:

KE, (1)
v= [—2
2
Where:
V - ultrasonic speed velocity, km/s;
E4 - dynamic modulus of elasticity of concrete, MPa;
p — concrete volume density, kg/m®;
k — correction coefficient.
1—p
)

Ta+mi-zm

Where:

u - Poisson's ratio of concrete equal to 0,2 (according to
Eurocode 2

The functional relationship between static and dynamic
modulus of elasticity is as follows:

£, = 0.83.E; ©)

Given the impossibility of directly determining the flexural
strength of the concrete (necessary for the static calculations) from
the cores a specialized test, a method [13] is applied, admissible
acc. the requirements of Eurocode 2 - namely by determining the
concrete tensile strength by splitting - Photo 21.

Photo 21

Photo 22 Photo 23

The test sample is loaded using a compression (Photo 22), and
the splitting tensile strength is calculated using the formula:
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Where:

fe — concrete splitting tensile strength, MPa;
F —max load, N;

L — linier core dimension, mm;

d — cross-section diameter, mm.

From the total number of unit results obtained, the arithmetic
mean value of the splitting tensile strength ., is determined.

In accordance with the requirements of Eurocode 2, on this
basis, the average axial tensile strength f., can be determined by
the formula:

f:rrr. = D-'I;.lﬂ'f_.?ﬂ ()
Looking for the average flexural strength f.y, 7 Of the concrete,

needed for flooring static calculation, we can use formula 3.24
(p.37 - Eurocode 2), namely:

fitm,fi = max (1,5 - m) feem

o frrm

(6)

Where:

h - average concrete structure thickness (in our case the
determined average thickness of the flooring, obtained by direct
cores measurement).

The actual concrete compressive strength can be determined by
direct compression testing of the specimens (Photo 21).

Concrete compression strength is calculated by formula:

f=t

C
A

Where:

f, - concrete compression strength, MPa (N/mm?);

F - max fracture load, N;

A, - the cross-sectional area of the test specimen on which the

compressive force acts, mm>.

The processing of the results is carried out according to the
requirements of the current European standards [14,15,16,17].

The average characteristic compressive strength fy, can be
calculated according to the requirements of the standard:

fox = fom — 1645

0]

®)

Where:

fo - characteristic concrete compressive strength;
fem - average concrete compressive strength;

S - mean standard deviation

After reading the maximum compressive fracture force, the
core is disintegrated until the steel fibers are completely separated
(Photo 24), and the amount contained in each core is weighed to
the nearest 1 g (Photo 25). The obtained result is recalculated for 1
m?, which represents an experimental assessment of the fibre-
reinforcement embedded in the concrete. The type, diameter and
length of exposed fibers are determined (Photo 26).

On the basis of the core samples, the modulus of elastic
deformation of the concrete can be determined, which is also
necessary for conducting the corresponding static calculations
(Photo 23).

In the manner described above, up-to-date values of all
necessary actual strength-deformation characteristics of the
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concrete in the flooring/pavements are already available for
additional analytical considerations.

S
Photo 26

Photo 25

Photo 24

2.5. Depth and Width of Visible Cracks Evaluation

In most cases, given the possibility of the large-scale presence
of multiple cracks visible on the flooring/pavement surface, it is of
particular importance to identify the causes of their appearance,
and, above all, to assess their behavior in the near future. Hence the
need for their in-depth study - especially for their width and the
depth presence in the concrete section.

It should be taken into account that cracks with a width of less
than 0,4 mm (or less than 0,3 mm when operating in an aggressive
environment), Eurocode 2, qualifies them as permissible (5IC EN
1992-1-1:2005, Table 7.1 N, page 124).

Another issue is that the comments included in the mentioned
Eurocode 2 refer to conventional steel-reinforced concrete
structures - slabs, beams, columns, walls, etc. In most of them, the
admissibility of cracks with a limited width does not negatively
affect their operational condition, as long as they would not
become a bridge for the corrosion effect of the conventional steel
reinforcement.

This is not the case with the impact of cracks on the
operational condition of industrial concrete floorings/pavements -
given the usual heavy moving traffic on the finished surface. So,
the presence of cracking, even just superficial micro-cracking,
could seriously escalate over time, leading to severe consequences
for surface quality. From a moment on, even "cosmetic" micro-
cracks can lead to time-increasing defecting of the finish surface,
reflected in the initiation of delamination, local collapse of the
edges of the cracks, etc., with the possibility of avalanche-like
growth of defects in the depth of the concrete section.

In such a context, and in order to fully clarify the flooring
actual condition, the studies to establish the depth of crack
formation, especially those cracks with a visibly larger surface
width, become of particular importance.

.
5

Photo 27 Photo 28
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Initially, within the framework of the expert actions, research
on the width of the cracks can be carried out by two
complementary methods - by using a template card and by optical
measurement.

A professional Metzger-MacCure template
(www.metzgermcgiure.com) can be used with a measurement step
of 0,2 to 2,5 mm (Photo 27), including by using an optical
magnifier (Photo 28). Measurements are carried out at visually
selected characteristic test points - preferably near the core drilling
points.

Non-destructive ultrasonic method can be used to determine
the approximate depth of cracks without intervening in the depth of
the concrete cross-section — by using of ultrasound device Proceq
TICO for unilateral sounding, for example (Photos 28-31).

Each individual measurement is carried out at an acoustic base
of 60 cm, determining the depth of the crack from the expression:

©

Where:

L (= 2x) - size of the unilaterally sounded acoustic base in mm,
located perpendicular to the direction of the crack and
symmetrically on both sides;

tere - measured time for the passage of the ultrasonic pulse
along the corresponding acoustic base across the crack, ps;

t, - measured time for the passage of the ultrasonic pulse along
the uncracked concrete at the same acoustic base, ps

Photo 27

Photo 29 Photo 30

2.6. Surface Hardener Adhesion to the mail Concrete Section

For an objective assessment of the quality of the applied
surface hardener (topping) during the execution of the flooring,
specialized adhesion tests have to be conducted in accordance with
the requirements of BDS EN 1542:1999 [18] using equipment in
accordance with the requirements of EN 24624:1993 [19].

The obtained results provide information on the adhesion stress
at the point of failure and specification of the area of adhesion
failure, through which an analysis can be made of the quality of the
applied powder surface hardener and its ability to provide the
required flooring surface finish (Photo 31).
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Photo 31

3. Practical Significance of Method Proposed

The field (in-situ), laboratory and analytical activities
described above provide all the necessary information to assess the
actual current state of the industrial concrete flooring/pavement as
a whole, with which to assess its future operational behavior and
durability, including if it is necessary to take on some additional
new loads.

After collecting all the necessary input data for flooring with a
set load (rack systems, dynamic loads, specialized equipment,
uniform distributed load, etc.), the corresponding static
calculations can be carried out easily with specialized software -
preferably with one developed by the manufacturer of the fibers
found to have been used in construction.

The static calculations for each of the specified loads are
presented in an expanded form as an appendix to every study
performed. An analysis of the obtained results can be made by
comparing the obtained values of the safety factors with the
minimum necessary ones for a certain type of load.

The real bearing capacity of the existing flooring/pavement can
be evaluated, as a result of which a conclusion could be made
about the admissibility or not of the new operating loads.

Within the framework of the relevant expert actions, some
additional arguments related to the real state of the
flooring/pavement can be usually presented. Regardless of whether
an additional potential for taking on the new dominant load is
approved, specific recommendations should be specified — for
example, for new arrangement of racking system, its supports
(legs) position at a certain minimum distance from any existing
expansion or saw-cut joints, permissible depth of new anchoring
(given the established current thickness of the flooring),
technological options for repair and reparations of existing
structural defects, maintenance measures during operation, etc.

4. Conclusion

Given the lack of any normative documents on the subject, the
proposed systematic approach to the assessment of the residual
operational resource of existing fibre-reinforced industrial concrete
flooring/pavements has methodological importance and fully
corresponds to the needs of real construction practice. Its practical
use has been approved by the author through a number of
successfully conducted systematic expert procedures at a number
of sites in the country.
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METAL SHAPING DURING ROLLING IN RELIEF ROLLS WITH AN ASYMMETRY FACTOR
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Abstract: A preliminary laboratory experiment was conducted on a lead billet in order to test the technology being developed, as well as to
verify the data on the shape change obtained by computer simulation. A comparison of the geometric parameters of the workpiece after
rolling in relief rolls and two subsequent alignment passes in smooth rolls showed that the results of computer simulation have a high level
of convergence. At each deformation stage, the difference in the geometric parameters of the workpiece between the model and the
experiment did not exceed 3-5%. When deforming a copper billet, the maximum difference level was 8%, which is the result of the low
rigidity of the rolling cage with smooth rolls. The theoretical results obtained in the article will be useful as a basis for creating an industrial
installation of this deformation process, or for upgrading an existing rolling mill.

Keywords: ROLLING, RELIEF ROLLS, ASYMMETRY, EXPERIMENT, METAL SHAPE.

PaspabaTbiBaeMBIii  MpOIlECC MHTCHCHBHOW  IUTACTUYECKOW
nedopMaruu, MpeACTaBIAIONINNA cO00i KOMOMHAIMIO MPOKATKU B
perbeHBIX BaJlKax ¢ HAIOXKEHHEM (akTopa aCHMMETPHH, XOPOIIO
3apeKOMEHJIOBaN ce0s Ha TEOPETHUECKOM JTale HCCIECJOBAHUH.
Tak, B paborax [1-2] ObUIM HU3ydeHBI pas3iIMYHBIE MAPAMETPHI
mporecca MpH UCTIONb30BAHMH KHHMATHYECKOH M T€OMETPHIECKOM
acumMmerpun. Takke B pabore [3] Obumm  paccMOTpPEHBI
SHEProCHIOBBIC MapaMeTphl AaHHOW cxeMbl nedopmupoBanus. C
eJbI0 anpobayy pa3paboTaHHON TEXHOJIOTHH, a TAaKXKe IPOBEPKU
JaHHBIX 00 W3MEHeHHH (OpPMBI, IOJYYEHHBIX C IIOMOLIBIO
KOMIIBIOTEPHOTO MOJIEIMPOBAHUs, OBLI MPOBE/ICH J1a00paTOPHEII
SKCIIEPUMEHT Ha CBHMHLOBOM 3arotoBke. J[nsg KOppeKTHOro
CpaBHEHHUS Pe3yNbTATOB JKCIEPHMEHTa C MOJEIHPOBAHHEM ObLIA
paccuuTaHa JOTONHHUTEIbHAS MO/ENb ACHMMETPHIHON ITPOKATKH B
penbedHBIX Bankax AT CBHHIIOBOH 3arOTOBKH C HMACHTUYHBIMU
TEOMETPUYECKHUMH  apaMeTpaMH, TIJe IPOBOJMIOCH TOJIBKO
uccreioBaHue M3MeHeHus (opMel. ['eomeTpuueckue napameTpsl
3arOTOBKM M BAalKOB OBUIM IIOJHOCTHIO HJICHTHYHBI B XOJE
MOJICNMPOBAHMSI M OJKCIEPUMEHTa, Oblla BEIOpaHa 3aroTOBKa
tommuHOH 10 MM u mmpmeOi 150 MM (puc. 1). CkopocTh
BpaIIEHNs] BAJKOB M 3a30pbl MEXAY TIAJKAMH BaJKaMH TaKxke
COOTBETCTBOBAIM 3HAYECHHSAM, IPHHITHIM TIPH MOJIEIUPOBAHUU
MEJHOMN 3arOTOBKH.

Pucynok 1 — McxoaHas 3arotoBka

JlaGopaTopHbIli 3KCIIEPUMEHT TPOBOJAMIICS B COOTBETCTBHU C
pa3paboTaHHOI TexHOIOTHeH Neh)OPMUPOBAHUS — MOCHE MPOKATKH
B penbedHBIX Balkax (pHc. 2) 3aroTOBKa BHIPABHUBAIACH B TIIAKHX
Bankax. J[yis Tex ke ycJoBHH ObUIa MOCTPOEHA COOTBETCTBYIOLIAS
KOHEYHO-3JIEMEHTHAsI MOJIEIb.
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Pucynok 2 — IIpokaTka 3aroTOBKH B pebe(HbIX BaJIKax

[Ipu 3TOM 3a30p Ha BTOPOM dTare BbIpaBHUBaHUS (3-i mpoxo.)
OBLI paBeH TOJIIIHE 3arOTOBKH, a HA TIEPBOM 3Talle BIPAaBHUBAHUS
3a30p OBUI YCTaHOBJIEH pPAaBHBIM IIOJIOBHHE PAa3HUIBI B BBICOTE
3arOTOBKH J0 M MOCIIE MPOKATKH B pesbe(hHBIX Bajkax. Panee Obu10
BBIIBIICHO, YTO BBICOTA 3aroTOBKH IIOCIE IIEPBOTO IPOXOAA
yBennunBaercs Ha 75-80% [3]. CornacHo 3TOMy MPHHIMITY 33a30D
BO BTOpoM mpoxoie Obul paBen 14 wmm. [locne mnpokaTku B
pem)e(bHle BaJIKax U IOCJICAYIOINUX ABYX OTAllOB BbIPpABHUBAHUSA
3aroToBKa mproOpena QopMmy, MokasaHHyro Ha pucyHke 3. s
CpaBHEHMS BHICOTAa W IIMPHHA 3arOTOBKH IIPU MOJEIHPOBAHUU
MOKa3aHblI cyieBa. [IpuHIMast BO BHUMAHHE TOT (aKT, YTO MaTepHal
npu KOHEYHO-3JIEMEHTHOM MOJIETUPOBAHAI TIOJTHOCTBIO
OJHOPOZIEH, NpPU PACCMOTPEHUH MIMPUHBI B IIEPHEHANKYISIPHOM
HarpaBJIeHUH 0030pa OUeHb TPYAHO YBUAETh BHICTYIHBI M BIAHHBI.
HO3TOMy, JUISL HarJIsITHOCTH, IIMPHUHA 3arOTOBKU MOJECIIM ITOKa3aHa
B U30METPHHU.
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a)

b)

-

Pucynok 3 — CpaBHeHHe (OpMbI CBUHIIOBOH 3arOTOBKH IIPU MOJIEITUPOBAHHUH U SKCIIEPUMEHTE:
a — IocJIe MPOKATKH B penbedHBIX BaKax; b - mocie 1-ro sTamna BRIpaBHUBAHMSL; C - ITOCIE 2-TO JTalla BEIPABHUBAHMS

B Tabnuue 1 mpuBeneHB! 3HAYEHUS aMIUIMTYABI BBICOTHI UIS
KaXaoro mpoxoma. Takxke TOKa3aHBl pPa3IHYMs IONTYYSHHBIX
3HAUEHUH B MPOLIEHTAX.

Tabnuna 1 — 3HauCHUS AMIUTUTY/IBI BEICOTHI CBUHIIOBOM 3ar0TOBKH

IIpoxox | Pazuuua, | [Ipoxox | Pasuuna, | [Ipoxox | Pasuuna,
1, MM % 2, MM % 3, MM %
Mopenuposanne| 18.2 3.29 14 3.57 10 5
Okcnepument | 17.6 14.5 10.5

CpaBHEHHE T'€OMETPHYECKUAX IapaMeTPOB 3aroTOBKU MOCIE
MPOKATKH B PENbe(HBIX BaIKaX M JBYX IOCICIYIOUINX MPOXOJOB
BBIPABHHBAHUS B TIJIAJKHX BaJKaX [OKa3al0, YTO pe3yJbTaThl

a)

17.9

KOMIBIOTEPHOTO ~ MOJETHMPOBAHHS HMEIOT BBICOKHH  ypPOBEHB
cxogumoctu. Ha kaxgom »stame gedhopManuy  pasHUIA B
TEOMETPHYECKUX IapaMeTpax 3aroTOBKH MEXAy MOJEIbI0 H
SKCIIEpUMEHTOM He npeBbimana 3-5%.

ITocne MIpeBapUTENbHON aCUMMETPUYHOH MIPOKATKH
CBHMHIIOBOI 3aroToBKM B penbe(HBIX BalKkaX ObUI IpOBEIEH
AQHAJOTHYHBIA SKCIEPUMEHT MO Je(GOpMHUPOBAHHIO 3arOTOBKH U3
mexHoro craBa M1 tommmuod 10 MM u mupuHO# 150 mm. Ha
pHCYHKe 4 MOKa3aHbl pe3ysibTaThl CPaBHEHHUs (POPMBI 3arOTOBKH BO
BpeMsl MOJCNHPOBAHUS M OKCIEPHIMEHTa Ha BCEX CTamMsIX
JepopMaIiu.

Pucynok 4 — CpaBHeHHe (OpMBI METHOH 3arOTOBKH IIPH MOJEIHNPOBAHNY U SKCTIEPUMEHTE:
a — HocJIe MPOKAaTKH B penbe(HBIX Bajkax; b - mocie 1-ro srama BeIpaBHUBAHMUS; C - IOCIIE 2-T'0 Tala BHIPABHUBAHUS

Tabnuna 2 — 3HaueHUS AMIUTUTYABI BEICOTHI METHOW 3aTOTOBKH

IIpoxox| Pasznuna, |ITpoxon| Pasuuna, |IIpoxon| Pa3uuna,
1, MM % 2, MM % 3, MM %
MopenupoBanue| 17.9 2.28 14 57 10 8
Okcnepument | 17.5 14.8 10.8

B Tabiuue 2 mpUBEACHBI 3HAYCHUSI aMIUTHTY/BI BBICOTHI IS
Ka)XJI0OTO TIPOXOJa. YBEIMUCHHBIE 3HAUEHHS PAa3HOCTH Ha JTarax
BBIPABHHUBAHUS SABISIOTCS PE3yJIbTaTOM TOrO (pakTa, YTO NPOKATHAS
KJIETh JJA0OPaTOPHOT'O CTaHa C IJIAJKMMH BAaJIKAMHM MMEET MEHbIIe
pa3Mepbl U, KaK CIEACTBHE, MEHBIIYIO JKECTKOCTh KOHCTPYKLIHH.
CnenoBatenbHo, NpHU TIpoKaTKe Oosee TBEPAOro Marepuaia
YBEJINYUBAETCS 3a30p MEX/Iy BalKaMH. B peasbHBIX ycloBHsX Bce
NIPOKATHBIE KJIETH MMEIOT OoJiee BBICOKHH YPOBEHH JKECTKOCTH, a
Taloke CHENUATbHBIE MEXaHW3MBl Uil co3maHust dddexra
MIPEXOTBPAIICHHUS N3rN0a BAIKOB.
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Boieoowr

Brin npoBenien npenBapuTenbHBIH 1a00paTOPHEIN 3KCIIEPUMEHT
Ha CBUHI[OBOH 3arOTOBKE C IIEJIBIO TECTHPOBAHUS pa3pabaTbIBaeMOH
TEXHOJIOTHH, a TaKXkKe IPOBEPKH IaHHBIX 00 M3MEHEHHH (OpMBI,
MONTYyYEHHBIX C TIOMOLIbIO KOMIIBIOTEPHOTO  MOJEIHPOBAHHS.
CpaBHEHHE T€OMETPHUUYECKMX TapaMeTpoB 3arOTOBKM  IOCHE
HPOKATKH B peibedHbIX BaJKaxX M ABYX MOCIEIAYIOIIMX MPOXOAOB
BBIPAaBHHMBAHUS B TIAQJKAX BajJKaX II0OKa3ajo, 4YTO Pe3yNIbTaTHI
KOMITBIOTEPHOTO ~ MOJIC/TMPOBAHUS MMEIOT BBICOKHH  YpOBEHb
cxomqumoctu. Ha kaxkpom »srtame gnedopManmy  pasHHDA B
TEOMETPHYECKUX IapaMeTpax 3aroTOBKH MEXAY MOJICIbI0 H
sKcrepuMeHToM He npesbimana 3-5%. Ilpum nedopmupoBanun
MEJHOW 3aroTOBKM MAaKCHMaJlbHBIH YPOBEHb PAa3HHULBI COCTABHII
8%, 4YTO ABNIAETCS PE3YNBTATOM HU3KOHW MKECTKOCTH MPOKATHOM
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KJIeTH C T[JaAKMMH BaJKaMHU. TEOpeTHYecKHe pe3yibTaThl,
MOJy4eHHbIE B CTaTbe, OyAyT IOJE3HBl B KAa4eCTBE OCHOBBI IJIS
CO3JaHMS  INPOMBIIUIEHHON  YCTaHOBKM  3TOr0  IIpolecca
neopMaluy WK A1 MOJEPHU3ALNH CYLIECTBYIOLIETO IIPOKATHOTO
cTaHa.

Jannoe uccnedosanue gunancuposaroce Komumemom uayku
Munucmepcmea Hayku u @vicuieeo obpazoganus Pecnybnuku
Kasaxcman (I panm Ne AP14869080).
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The effect of applying a conversion layer by phosphating on the roughness relief of the steel
surface

Dagmar Draganovska®”, Anna Guzanov4?, Gabriela I7arikova®
Technical University of Kogice, Slovak Republict**
dagmar.draganovska@tuke.skl, anna.guzanova@tuke.skz, gabriela.izarikova@tuke.sk3

Abstract: The contribution is focused on the analysis of the surface roughness after applying the conversion layer using phosphating. In the
experiment, uncoated deep-drawn steel DC 04 was used as the base material. During the application of the conversion layer, changes in
surface roughness were studied with respect to the phosphating time, which was 3, 5 and 10 minutes. The achieved results provide
information for other technological operations such as creating joints by gluing, where the correct anchoring of the glue is important for
sufficient adhesion to the surface.

Keywords: STEEL SURFACE, PHOSPHATING, ROUGHNESS, CONVERSION LAYER

1. Introduction 2. Materials and methods

The protection of metal products against environmental 2.1 Used basic material
influences can be ensured in various ways, from the most common
of which are material selection, corrosive environment treatment
and the use of protective coatings.

DCO04 steel (designation of samples DC) is an uncoated deep-
drawn steel, particularly suitable for demanding external and
internal parts in car bodies, or for other extrusions. The chemical

Material selection is the simplest method. However, this composition of the materials is in Table 1.
requires a deep, comprehensive knowledge of materials and the

. . . . . Table 1: Chemical ition of 1D
relationship between the material and the specific corrosive able 1: Chemical composition of used steel DC

environment. In addition to technical suitability, the proposed Material | C Mn P S
material should also demonstrate the economic viability of the
choice. DC | 0,04% | 0,25% | 0,01% | 0,01%

Corrosive environment treatment is often used in the field of
temporary protection of products in storage and transport.

Protective coatings are mainly used in the protection of carbon 2.2 Pre-treatment of the surface

steels against atmospheric influences. These include organic The surface of the test samples of DC steels was without any
coatings (coatings), metal coatings (zinc, aluminium and alloy) and surface treatments. The tested samples of both materials were
combination coatings (metal coating combined with coating). In the classified into two categories:

field of corrosion protection of surfaces of engineering products,

bridges and steel structures, the application of coatings and coatings - Surfaces without further treatment — a steel sample is used for
is the dominant method of surface treatment. [1-7] testing in the state in which it was delivered from the

manufacturer. The sheet surface was preserved by electrostatic

In anti-corrosion protection of cars, the method of protection oiling with an intensity of 0,5 — 2,5 g.m?, which protects it

with metal coatings is very widespread. An important criterion for from corrosion.

these coatings is the thickness of the film and its porosity. The

service life of the coating increases with its thickness and at the - Surfaces with the addition of a conversion layer of zinc
same time the number of corrosion-significant pores decreases. If phosphate - during the phosphating process, small crystals form
we achieve a non-porous coating, the anti-corrosion protection of on the surface of the material, creating a phosphate layer that
the coating is then equal to the resistance of the metal that was used serves as protection against corrosion or as a base layer to
for the coating. improve adhesion when applying additional layers and when

The work deals with surface treatment of metal materials by gluing.

conversion coatings, more precisely by phosphating. This is a A total of 4 types of samples were used for the experiment.
widespread method in technical practice, mainly in the automotive Samples DC 0 were samples, the surface of which was not
industry, due to its wide applicability given the current availability treated with a zinc phosphate conversion layer. The other
and reliability of coatings. Phosphate layers are applied to metals to ~ samples used in the experiment were treated with a layer of
improve corrosion resistance due to their relatively high electrical zinc phosphate with different immersion times of the sample in

resistance. Their other role is to support the adhesion of organic the phosphating bath, namely 3, 5 and 10 minutes.
coatings or other adhesives. The conversion coating has the ability
to adhere excellently to the treated metal and resists solubility in
water or other solvents. Subsequently applied coatings are
characterized by excellent adhesion to the material.

For the phosphating of the samples, the technology of
phosphating with Pragofos, manufactured by Pragochema
s.r.o., applied by immersion, was used. Before applying the
phosphate layer after the application of the degreaser Pragolod
In general, three types of phosphating can be applied, iron, zinc 57 N, the rinse in the bath was diluted with the activating rinse

and manganese. The uniqueness of these species is characterized by Pragofos 1007 at a con-centration of 0,3% at room temperature
the crystals that form in each of them. Manganese phosphating is ~ With a mixing time of 3 minutes. DC type steel samples were
generally considered to be highly resistant in corrosion protection. subsequently phosphated in a Pragofos 1501 bath at a
Iron phosphating is more stable than zinc phosphating at higher ~  temperature of 60°C for 3, 5 and 10 minutes.

pressures and temperatures. [8-12]

The paper deals with zinc phosphating applied to uncoated 2.3 Roughness measurement methodology
deep-drawn steel with different applied phosphating times. The
latter causes changes on the surface of the material, which are also
manifested by changes in roughness.

Surface roughness of the produced samples was evaluated
according to ISO 21920 by the contact method using a stylus
profilometer Surftest SJ-201, Mitutoyo, Tokyo, Japan. This
standard defines roughness parameters based on the deviation from
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the mean line for the primary profile. The measurement parameters
used were as follows:

- a measured profile: R,

- a filter: GAUSS,

- a sampling length Ac = 0,8 mm,

- a number of sampling lengths N =5,

- an evaluation length In = 4 mm,

In order to obtain as much information as possible about the
produced surfaces in individual positions, the surface roughness
was evaluated using a set of several parameters:

- the arithmetical mean deviation of the assessed profile
(Ra),

- the maximum height of profile on the basic length (Rz),

- the mean width of the profile element on the sampling
length (RSm),

- the mean number of peaks per centimeter (RPc),

2.4 Methodology of statistical analysis of surface microgeometry

The measured data were subjected to the statistical analysis
using Statistica software using a non-parametric Kruskal - Wallis
test. The Kruskal - Wallis nonparametric test was used to compare
positions on the building platform for each roughness parameter
evaluated. The test that compares more than two groups, whether
population comes from the same distribution.

3. Results

By measuring the selected roughness parameters on the DC
material, the values shown in Table 2 were achieved.

Table 2. The mean and standard deviation of roughness parameters

Measured values of roughness parameters
Sample
Ra Rz RPc RSm
[pm] [pm] [-/mm] [pm]
pco | 1,04+ 0,10|5,43+0,49|44,78+7,80 |230=+39
pc3 |1,05+0,11 |5,28+0,37|47,17+6,72 [216+34
pcs | 1,00+0,12 |5,35+0,47|47,54+9,87 [218+41
DC 10 0,96 +0,10 | 5,21 £0,57 | 56,57 £ 12,85 | 186 + 46

In the attached profilograms of individual surfaces of materials
Fig. 1a — Fig. 1d we recorded a change in the surface roughness of
tested materials.

 Qum/om
. Obim/cm
208:84m%

Yor.
er:

i
e (%)

Fig. 1a Profilogram + Firest-Abbot curve for the sample DC 0

Fig. 1c Profilogram + Firest-Abbot curve for the sample DC 5
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Fig. 1d Profilogram + Firest-Abbot curve for the sample DC 10

From the measured values of the roughness parameter Ra, it can
be concluded that it is relatively stable on the base material as well
as on the applied pretreatments.

Differences were noted in RSm and RPc parameters. Zinc
phosphate consists of multiple crystals of insoluble phosphates,
which gained their size on the surface during the application of the
phosphating process, thereby achieving an increase in the density of
the projections. If there is an increase in the density of protrusions
per cm of length, it means that there is a prerequisite for an increase
in the contact area between the treated surfaces, which is
advantageous in the case of using such surfaces to create adhesive
joints.

The average density of protrusions of the RPc surface increased
the most in the DC material pretreated with zinc phosphate
compared to the original surface of the material at a phosphating
time of 10 min. Compared to a process lasting 5 min. this difference
is relatively small (9 protrusions per cm™) and therefore it is
possible to recommend the application of a phosphate layer on the
surface for 5 minutes with the DC material. Applying this
conversion layer for a period of 10 (with a minimal difference in the
number of protrusions compared to 5 min.) is neither suitable
(higher operating costs) nor efficient from the point of view of the
economy of the process.

SEM appearance of the base material and pretreatment samples
are in Fig. 2.

Fig. 2b DC 3 sample surface
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This means that the time of phosphating has an influence on the

Fig. 2d DC 10 sample surface

Results of statistical evaluation for parameter Ra

The homogeneity condition for the Ra parameter values at
different phosphating appl ication times was verified by Levene's
test. The value of p was as follows: DC (p = 0.5682 > 0.05) and this
means that the null hypothesis of equality of variances is not
rejected at the significance level of 0.05. The condition of
homogeneity is fulfilled. A graphical comparison of the
phosphating time for the parameter Ra is in Fig. 2.

Krabicovy graf Ra

09

08

o Priemer [] Priemer £Sm.odch. T Priemer+1.96*Sm.odch
07

Dco Dc3 DCS DC 10

Fig. 2 Comparison of phosphating time for parameter Ra

The result of the one-factor variance analysis is 0.0011 < 0.05,
i.e. the null hypothesis is rejected at the level of significance, i.e.
there is a statistically significant difference between the individual
mean values of the Ra parameter at different phosphating times.
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value of the Ra parameter.

Given that the null hypothesis of equality of means was rejected
at the 0.05 significance level, post-hoc analysis subsequently
identified pairs with a statistically significant difference (Table 3).
Statistically significant differences were noted between groups DC
0-DC 10,DC 3 - DC 10.

Table 3. Post-hoc analysis — parameter Ra

Tukey HSD test
Ra-DC DCO DC3 DC5 DC 10
DCO - 0,8936 0,4991 0,0106
DC3 0,8936 - 0,1501 0,0008
DC5 0,4991 0,1501 - 0,326
DC 10 0,0106 0,0008 0,326 -

4. Conclusions

Based on the experimental measurements, it can be concluded
that:

- using different application times when applying a phosphate
conversion layer on uncoated deep-drawn steel creates a surface
with a different appearance and different roughness values

- measurements of the roughness parameters at all applied times
showed that the value of the parameters Ra and Rz after surface
treatment by phosphating does not change significantly, the
differences were manifested in the parameters RSm and RPc.

- the statistical evaluation showed that the phosphating time has
a slight effect on the value of the Ra parameter.
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The influence of galvanic coatings as a chemical pretreatment of the surface on the
microgeometry of steel materials
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Abstract: In the contribution, the surface quality of the steel substrate is analyzed from the point of view of its microgeometry as a set of
quantities capturing the differences of individual surface changes. The subject of investigation are the surfaces of steel substrates, i.e. the
base material, degreased surface, standard galvanized surface, surface after galvanizing and subsequent chromating, surface after
phosphating and surface after phosphating and application of RAL coating.

Keywords: GALVANIZING, PHOSPHATING, STEEL, SURFACE QUALITY, ROUGHNESS

1. Introduction

The development of other technologies, such as mechanical pre-
treatment of the surface, degreasing and other preparatory
operations as well as intermediate and finishing operations - rinsing,
chromating, phosphating and others - is closely related to the
development of electroplating. [1 - 5]

It is generally known that even with the best and most effective
coating system, it is not possible to achieve satisfactory results
(adhesion, durability, etc.) if this protective coating is not applied to
a suitably pre-treated and cleaned surface. The surface layer is
decisive in terms of the strength of the entire component under
cyclic stress. From a physical point of view, the properties on the
surface are significantly different from those in the volume - this
transition is smooth, the properties do not change abruptly. The
significance of the change is conditioned by the chemical
composition, relief and structure of the material. Technological and
functional conditions of material processing significantly affect the
physical and chemical properties of the metal surface. [6 - 9]

From the point of view of the component's function, in many
cases the geometric properties of the surface are very important
(e.g. in conditions of friction and wear). Therefore, it is necessary to
place sufficient emphasis on the assessment of the geometry of the
surfaces and the determination of deviations of the profile from the
defined plane.

Among the whole range of surface properties, its
microgeometry plays a very important role. In order to assess the
microgeometric condition of the surface, a surface evaluation and
measurement system is built. [10 - 15]

Measurement with touch profilometers is one of the most
sophisticated methods of assessing surface roughness with a larger
range of measured characteristics, which can be used in laboratory
as well as operational conditions. The basic source of information is
the surface profile.

Quantities standardized in STN EN ISO 21920 are used to
assess the surface structure. The surface structure is characterized
by the following geometric parameters in the mentioned standard:

- P parameter — parameter calculated from the primary profile,

- R parameter - parameter calculated from the roughness profile,

- W parameter - parameter calculated from the waviness profile.

The basic source of information is the surface profile, which is
created by cutting the real surface with a defined area.

Primary profile (P — profile) — a profile that results from a
section of the measured surface by a plane that is perpendicular to
this surface. It represents the basis for the numerical processing of
the profile using profile filters and for the calculation of profile
parameters.

Roughness profile (R — profile) — a profile that is derived from a
primary profile by suppressing long wavelength components with a
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profile filter. It is the basis for determining the parameters of the
roughness profile.

Wave profile (W — profile) - a profile that is derived from the
primary profile using profile filters. It is the basis for determining
the waviness parameters of the profile.

The calculation system for evaluating the parameters of the
surface profile, which is used in the mentioned EN 1SO, is based on
the system of the middle line of the profile of roughness, waviness
and the middle line of the primary profile.

From the point of view of worldwide technical practice, the
most widespread evaluation parameter of roughness is the mean
arithmetic deviation of the considered profile Ra - an integral
quantity that is often confused with the general term roughness. It
should be noted here that this parameter has only informative value.
It does not allow the resolution of sharpness or roundness of
protrusions of profile irregularities, is significantly distorted by
cracks and other random surface defects. Therefore, when
evaluating the microgeometry of various types of surfaces, it is
necessary to use a selected set of roughness parameters from the
I1ISO 21920 standard, which will sufficiently accurately capture the
specifics of the assessed surface.

2. Materials and methods
2.1 Basic material

Unalloyed structural steel of usual quality S235JR was used
as the basic material. It is used for fusion-welded, statically and
dynamically stressed parts of constructions and machines of
medium thickness. Furthermore, for components made from sheet
metal, longitudinally welded hollow profiles and forged
components for thermal power equipment and pressure vessels
operating with limited excess pressure and temperature up to
300°C.

The chemical composition of the materials is in Table 1.

Table 1. Chemical composition of used stee/ SI5tJR

Material C P S N

S235JR | 0,17% | 0,045% | 0,045% | 0,009%

2.2 Pre-treatment of the surface

The surface of the test samples of S235JR steels was without
any surface treatments. The tested samples of both materials
were classified into following categories:

1. Surfaces without further treatment — a steel sample is
used for testing in the state in which it was delivered
from the manufacturer (designation: Sample no. 1).
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2. Surface after degreasing - used bath AKTIGAL FB 5-
6%, immersion at temperature 65°C, pH11,
immersion time 5min. (designation: Sample no. 2).

3. The surface is galvanized - after degreasing, the
sample was immersed in the HELIOSTAR zinc bath
of the company ENTONE OMI at a temperature of
18°C, pH 4.9, immersion time 20 min. (designation:
Sample no. 3).

4. Surface galvanized and chromated - after degreasing,
the sample was immersed in a zinc bath and
subsequently chromated in an IMMUNOX 3K bath
from ENTONE OMI at a temperature of 18°C, pH 2,
immersion time 35 min. (designation: Sample no. 4).

5. After degreasing, the surface was phosphated in a
DURIDIN 3822 IT bath from the HENKEL company
at a temperature of 40°C, pH 5.8, by spraying for 3
min. (designation: Sample no. 5).

6. A RAL 9016.5020/0661 coating was electrostatically
applied to the surface after degreasing and
phosphating with a NORDSON type gun, 65 kV
(designation: Sample no. 6).

2.3 Roughness measurement methodology

Surface roughness of the produced samples was evaluated
according to 1SO 21920 by the contact method using a stylus
profilometer Surftest SJ-201, Mitutoyo, Tokyo, Japan. This
standard defines roughness parameters based on the deviation from
the mean line for the primary profile. The measurement parameters
used were as follows:

- ameasured profile: R, filter: GAUSS, a sampling length

Ac = 0,8 mm, a number of sampling lengths N = 5,

- an evaluation length In =4 mm,

In order to obtain as much information as possible about the
produced surfaces in individual positions, the surface roughness
was evaluated using a set of several parameters:

- the arithmetical mean deviation of the assessed profile (Ra),

- the maximum height of profile on the basic length (Rz),

- the total height parameter (Rt),

- the mean width of the profile element on the length (RSm),

- the mean number of peaks per centimeter (RPc),

3. Results

By measuring the selected roughness parameters on the basic
and pre-treatment material, the values shown in Table 2 were
achieved. For surface samples no. 5 and 6, it was not possible to
measure the RPc and RSm values, as they did not show the
necessary number of protrusions for evaluation.

Table 2. The mean of roughness parameters

Measured values of roughness parameters
Sample Ra Rz Rt RPc RSm
[pm] [pm] [pm] [-/mm] [pm]

1 0,96 5,17 6,22 148,1 67,75
2 0,79 481 6,09 197,8 52,06
3 0,79 4,42 5,47 186,2 54,53
4 0,67 4,13 5,52 221,0 45,70
5 0,83 4,63 5,64 153,2 66,03
6 0,13 2,29 3,62 - -

Profilograms and Abbott Firestone curves of individual surfaces
were also realized Fig. 1a-1f where we recorded a change in the
surface roughness of the tested materials.
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Fig. 1f Profilogram and Abbott Firestone curve for the sample no. 6

By comparing the measured values with each other, it can be
concluded that the surface morphology in the process of
pretreatment and subsequent surface treatment by galvanization
remains basically the same. This fact is also confirmed by the
profilograms of the surfaces shown in Fig. 1, which document
the relief of the degreased surface and the surface after
degreasing and subsequent galvanizing.

From a quantitative point of view, it can be stated that after
galvanizing, or after galvanizing and chromating, there is a
very slight decrease in the roughness characteristics, evaluating
the surface in the vertical direction, Fig. 2a-2e, while at the
same time the number of profile protrusions per unit length RPc
increases slightly, which logically results from a slight decrease
in the spacing of protrusions RSm. This phenomenon occurs
due to the in-house technology of surface formation by
galvanization. This fact was most evident in surfaces after
galvanizing and subsequent chromating.
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Due to the complexity of the assessment, a plastic surface
(RAL) was also included in the evaluation, which was applied to the
surface after degreasing and subsequent phosphating. The
production technology as well as the hardening nature of the plastic
material used ensured the creation of an almost smooth surface with
a roughness Ra of approximately 0,13 pum, while the maximum
height of irregularities on the evaluated relief Rz was 2,29 um.
From the point of view of the thickness of the applied coating,
which was greater than 50 pm, it is clear that the original surface
relief could not be copied.

4. Conclusions

Based on the experimental measurements, it can be concluded
that:

- the morphology of the surface in the process of pre-treatment
and subsequent surface treatment by galvanization remains
basically the same,

- after galvanizing, or after galvanizing and chromating, there is
a very slight decrease in the roughness characteristics, evaluating
the surface in the vertical direction. This fact was most evident in
surfaces after galvanizing and subsequent chromating,

- the production technology as well as the curing nature of the
RAL coating ensured the creation of an almost smooth surface, and
since the thickness of the applied coating was 50 pm, there was no
copying of the original surface relief.
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Non-detonating chemical mixture for non-invasive methods of rock breaking
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Abstract: Within the Innovation Project of the Ministry of Science and Technological Development of the Republic of Serbia, researchers of
Blasting Center at the University of Belgrade - Faculty of Mining and Geology have developed several different non-detonating chemical
mixtures for non-invasive methods of rock breaking. Laboratory and polygon tests gave the satisfactory results and knowledge enough to
start the practical experiments in the field. The basis of this innovation is a theoretical assumption that certain chemical mixtures release a
large quantity of gases during combustion. If these gases are found in the enclosed space a growing pressure on the walls of the chamber in
which combustion takes place will be resulted. If this space is a borehole with good stemming, the rising pressure should be sufficient to
break the rock material in which the borehole was drilled. Chemical mixtures developed through the research do not detonate. They
represent the generators of borehole pressure made up of oxidants and fuels and the modifiers to adjust the speed of combustion and ignition
temperatures. Rock breaking occurs because of progressive increase in pressure. Non-detonating chemical mixtures can be applied in road
and railroad construction, demolition works, secondary breaking, rock breaking for foundation, trenching and similar civil construction
operations especially in urban areas as well as quarrying of dimension stones. In other words, for different methods of rock breaking where
negative effects of blasting should be avoided.

Keywords: NON-DETONATING, CHEMICAL MIXTURE, ROCK BREAKING, BOREHOLE PRESSURE

: or larger percentage of oversized fragments of rock mass called
1. Introduction boulders that must be subsequently crushed. A high percentage of
Regarding the method of decomposition, except for black boulders worsens the technical and economic indicators of surface
powder, which is classified as deflagrating explosive, all ~ mining, reduces the performance of loading and transport
commercial explosives are decomposed by detonation. Deflagrating ~ machinery, and increases the unit cost of the product.
explosives have a relatively low decomposition rate because the
activation energy is transferred from layer to layer by heat transfer.
Detonation is the process of explosive decomposition, where the
energy required to activate the explosive molecules is transferred
from layer to layer by means of a shock wave, which moves
through the explosive material at supersonic speed. During the
detonation of explosives, there is a sudden release of energy, which
is partly spent on breakage the rock mass, moving the broken rock,
heating the immediate rock environment and on other useless
effects of explosive energy such as seismic waves. The energy of
seismic waves induced by blasting manifests itself in the form of
ground vibration. Another negative effect of every blast are: air
blast, toxic fumes, and flyrock. For this reason, it is necessary to
strictly define safety zones to protect the immediate surroundings of
the blast field from these negative effects when planning blasting
especially in urban areas [1]. The negative effects of blasting have influenced the researchers
to work on improving new chemical mixtures that could be an
adequate replacement for explosives. These are mainly different
compositions that develop borehole pressure without the detonation
process and which are placed in a previously drilled series of
boreholes (in a case of the extraction of primary blocks of
dimension stone, splitting the primary block of dimension stone into
commercial blocks as well as cutting off a rock mass during slope
In cases where there are facilities declared as cultural heritage, ~ stabilization as a substitute for contour blasting methods) or
industrial and other objects that are very sensitive to ground according to a pre-calculated pattern of bore holes (in a case of the

The tendency in the world today is to find new solutions that
can be applied to break solid rock masses, and which will be an
adequate replacement for commercial explosives in sensitive areas.
The reason for this is the problems related to blasting in urban
areas, in road and railroad construction, demolition works,
secondary breaking, rock breakage for foundation, trenching,
stabilization of slopes and similar civil construction operations
especially in urban areas as well as quarrying of dimension stones.
In all the cases mentioned, there is a problem of removing solid
rock mass or concrete structures in an efficient way, while
protecting the environment. Except where prohibited or restricted,
blasting remains the cheapest method of efficiently removing large
volumes of solid rock mass. However, the problem of the negative
effects of blasting remains.

During the construction of buildings in urban areas, in some
cases there is a need to remove large quantities of solid rock mass
that cannot be excavated by machinery. For smaller quantities, the
problem can be solved by hydraulic jackhammers mounted on the
excavator. However, when larger volumes of rock mass are
involved, the use of explosives is necessary.

vibration, blasting using commercial explosives may be prohibited. ~ building demolition, secondary breaking, rock breakage for
Despite this, the need to remove a certain solid rock mass still foundation, trenching and similar civil construction operations
exists. especially in urban areas, etc.). When the stress overcomes the

tensile strength of the rock, cracks appear along the predisposed

During building demolition in urban areas, certain parts of the direction and the rock is broken.

structures, which are usually concrete or reinforced concrete, are

blasted. In that case, the problem of negative effects of blasting is One of the mixtures that are used as a substitute for explosives
even more pronounced, so the procedure and calculation are even for the generation of borehole pressure is expansive mortar.
more complex [2]. Expansive mortars do not detonate. Although there are several well-

known manufacturers of expansive mortars, they are mostly

_ The use of explosives is limited during the extraction of  cpemical agents with similar characteristics. The expansive mortars
dimension stone blocks. Contour blasting methods using small- are mixed with water in a certain ratio according to the

diameter explosive charges or a detonating cord are most often used recommendation of the manufacturer. When the mixture is
to cut off primary blocks from the remaining rock mass. The  gpained, it is poured into the boreholes. Expansive mortar in the
paramgters of contour blasting must be strlctl_y defined so that the boreholes expands, developing a pressure force in the range of 7-8
explosive energy would be used only for cutting the block and not kN/cm?, which is much more than the required force for splitting

for crushing the rock mass. The procedure is similar when the the rock mass. The speed of expansion directly depends on the
primary block is split into commercial blocks. temperature of the rock mass.

During production blasting in surface mines, depending on the

- : h Expansive mortars have the following advantages: the rock
quality of the blasting, the blasted rock mass may contain a smaller

mass splitting process takes place without detonation and
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explosions. Rock splitting is done without noise, dust, and toxic
fumes. Expansive mixtures do not cause ground vibration, flyrock
and excessive damage to the surrounding rock mass. They are clean
ecological products and very acceptable from an environmental
point of view. Storage and transport are not dangerous for the
environment.

One of the well-known expansive mortars on the market is
DEXPAN [3]. DEXPAN is used for controlled demolition of
buildings, especially in urban areas, minor construction works, such
as trenching and the extraction of blocks of dimension stone:
granite, marble, limestone, and onyx. DEXPAN [3] is a mixture of
powdery consistency which, expanding inside the boreholes,
develops a pressure of 1241 bar, enabling the cutting the dimension
stone blocks safely, without noise, vibration, and dust. Handling the
DEXPAN mixture does not require special permits and certificates,
as is the case with explosives, does not require the employment of a
specially trained operator, as well as special regulations for safe
storage, transport, and maintenance, because it is not categorized
like explosive.

Cardox [4] non-detonating expansive system is another
alternative to classic explosives. The Cardox system [4] has several
different tubes for specific applications. The tubes are filled with
liquid carbon dioxide (the same as a fire extinguisher). After
activating the chemical heater with a small electrical charge, liquid
carbon dioxide is converted into gas. This conversion expands the
volume of CO, and increases the pressure inside the tube until it
causes the disc at the end of the tube to burst. Then the release of
CO, occurs - now 660 times greater than the original volume -
through a special discharge nozzle, which creates a force, at
pressures of up to 3000 bar. The whole process takes place in
milliseconds. Since it does not detonate, the Cardox system is
suitable for use in sensitive areas, for controlled demolition of
reinforced concrete, tunneling, shafts, and underwater demolition. It
does not create air blast, vibrations, dust, or harmful gases, so it is
suitable for use in urban areas and in populated areas where blasting
by conventional methods is prohibited. The Cardox system is also
widely used for the exploitation of ore, as well as dimension stone
blocks [5].

Within the Innovation Project of the Ministry of Science and
Technological Development of the Republic of Serbia [6],
researchers of Blasting Center at the University of Belgrade -
Faculty of Mining and Geology have developed several different
non-detonating chemical mixtures for non-invasive methods of rock
breaking. Chemical mixtures do not detonate. They represent the
generators of borehole pressure made up of oxidants and fuels and
the modifiers to adjust the speed of combustion and ignition
temperatures. The gases increase the borehole pressure and cause
stresses that should overcome the tensile strength of the rock and
cause rock breaking. The laboratory and field tests were consistent
with research of foreign Companies that dealing with this problem
for several years.

2. The characteristics of developed non-detonating
chemical mixtures

The basis of this innovation is a theoretical assumption that
certain chemical mixtures release a large quantity of gases during
combustion. If these gases are found in the enclosed space a
growing pressure on the walls of the chamber in which combustion
takes place will result. If this space is a borehole with good
stemming, the rising pressure should be sufficient to break the rock
material in which the borehole was drilled. Chemical mixtures
developed through the research do not detonate. They represent the
generators of borehole pressure made up of oxidants and fuels and
the modifiers to adjust the speed of combustion and ignition
temperatures. Rock breaking occurs because of a progressive
increase in pressure [2,6].

Developed non-detonating chemical mixtures are pyrotechnic
compositions whose energy potential is lower than that of black
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powder. The process of developing the non-detonating chemical
mixtures has started from the concept that new compositions should
have the characteristics of ,,benumbed* black powder in order to
keep the rate of decomposition by deflagration even in the
conditions of confined charging [2,6].

These generators of borehole pressure represent a wide range of
mixtures made up of oxidants and fuels containing modifiers to
adjust the speed of combustion and ignition temperatures.
Compositions combust during the activation on the open with the
speed of 2-5 cm/s, while in the closed space a significant
acceleration of combustion is taking place, but still below the
explosive one. Thereby it comes to a sudden jump in pressure,
leading to an increase in combustion rate in such a way that there
are at least two decomposition rates until the final decomposition of
the mixture. All compositions have powdery consistency with the
cartridge bulk density of 0.85 to 1.1 kg/dm®. Commercial explosives
detonate at a speed of 2000-6000 m/s, while the decomposition
velocity of these mixtures should be set at 180 - 300 m/s.
Combustion rate is lower than of black powder and conventional
fuels [2,6].

Gas pressure grows exponentially during the several tens of
milliseconds until they overcome the rock tensile strength, which is
10-20% of the compressive strength of rocks. Depending on the
composition of the mixture it is possible to achieve borehole
pressures at the initial speed of decomposition of 34, 68, 102 and
136 MPa when it comes to jump of combustion rate in the function
of InP, which gives a new pressure jump before the final
decomposition of the mixture. Thus, mixture achieves at least two
speeds in the combustion process. Gas pressure of powdered redox
mixtures is aimed primarily at the bottom part of the borehole.
Powdered redox compositions for this purpose after ignition burn at
the subsonic speed, even at higher pressure up to 276 bar, while
with the use of explosives a supersonic shock wave is created at
normal atmospheric pressure.

2.1 The modifiers

In these compositions a decomposition rate and pressures of
released gases in the borehole can be controlled to achieve stresses
in rock mass slightly greater than the rock tensile strength. All this
can be achieved by modifying the basic redox composition.

These modifiers are combustion catalysts such as metal oxides
and organometallic compounds. Compounds that promote the
reaction rate and the amount of released gases are also in use,
because they also participate in the creation of gaseous products and
thus increase the gas volume of mixtures. Besides these compounds,
substances that contribute to the release of heat may also be used,
although they do not release gaseous products alone. The released
heat helps the reaction rate at which emission of gases occurs and
affects the increase in pressure because with the heat the volume of
released gases increases, too. For this purpose, various metal
powders can be used such as: Al, Mg, FeSi, paying special attention
to safety in the work [2,6].

2.2 Charging the cartridges with non-detonating chemical
mixtures

The best effects are achieved by direct loading of boreholes
with non-detonating chemical mixtures but it is often impossible in
real conditions of application, so it is provided that the mixture is
transported in form of cartridges. The cartridge should be made of
flexible plastic material in order not to relieve until the reactive
mixture is completely deflagrated after initiation. The possibility of
deformation of 10 - 20% of cartridge is preferred before it bursts,
and the diameter of the cartridge should be as close to the diameter
of drilled hole.

Elasticity of the cartridge is achieved by choosing the material
that can withstand plastic deformation, at least until the expansion
of the cartridge on the borehole wall. In the case that the diameter of
the cartridge is 30 to 33 mm, plastic cartridge in the radial direction
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should withstand the increase of the diameter on 35 to 38 mm
before it expands.

During the research cartridges of high-density polyethylene,
with the outer diameter of 25 mm, inner of 20 mm, wall thickness
2.5 mm and length 150 mm were used. Different types of mixtures
were examined in terms of composition, powdered consistency,
combustion time, the degree of coat deformation. For the initiation
of the mixtures, various systems that were available were applied.
At the same time, several redox compositions with increased
density, using a natural binder for thickening the mixtures were also
made and tested [2,6].

Stemming the bore holes was carried out with well compressed
mixed clay - sandy material. It must be taken that stemming is not
burden in the geometry but should be for a minimum of 50% higher
than burden and the distance between bore holes. To determine the
parameters of blasting the same amount of non-detonating chemical
mixture per m® is recommended as in the case with conventional
explosives 290-600 g/m®. Stemming must be well done to withstand
the pressure of released gases and direct them to the walls of the
bore holes, where there is a breaking of the rock material due to
tension stresses. In this case, the detonation does not occur as well
as the formation of shock waves as in case during the use of
commercial explosives.

Fig. 1 Charging the cartridges with non-detonating chemical mixture

[2,6]

Fig. 2 Cartridges charged with non-detonating chemical mixture [2,6]

2.3 Initiation of the non-detonating chemical mixtures

Initiation of non-detonating chemical mixtures was done with
electrical fuse heads or NONEL shock tubes. Figure 3 shows
preparing the initiation of cartridge with NONEL shock tube while
Figure 4 shows preparing the initiation of cartridge with electrical
fuse head.
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Fig. 3 The initiation of cartridge with NONEL shock tube [2,6]
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Fig. 4 The initiation of cartridge with electrical fuse head [2,6]
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Non-detonating chemical mixture had different sensitivity to the
initial impulse. Most sensitive are ignited with spark generated in
standard NONEL shock tube (20 mg/m reactive mixture) while
those less sensitive required a stronger initial impulse.

Fig. 5 Initiation of charges of non-detonating chemical mixtures with
NONEL shock tube (left) and electrical fuse head (right) [2,6]

2.4 Polygon tests of non-detonating chemical mixture

Polygon tests of non-detonating chemical mixtures were carried
out at the granite quarry. The tests consisted of cutting off a granite
block using non-detonating chemical mixtures. A borehole with a
diameter of 32 mm was drilled into the granite block, in which the
cartridge with a diameter of 25 mm was placed. The cartridge was
charged with a non-detonating chemical mixture. Initiation of the
charge of non-detonating chemical mixture was done with an
electrical fuse head [2,6].

The results of testing are satisfactory. As shown in Figure 6,
cutting of the granite block was achieved by increasing the pressure
of the gases produced by the combustion of non-detonating
chemical mixture. The pressure of released gases in the borehole
creates stresses in the rock mass slightly higher than the rock tensile
strength, which is 10-20% of compressive strength and causes rock
breaking without a shock wave.

After the fracture of rock mass, the stress decreases due to a
sudden drop in the pressure of generated gases, thus avoiding
excessive flyrock of rock pieces. As shown in Figure 6, after the
fracture of rock mass, gaseous products of the combustion of non-
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detonating chemical mixture exit through the newly formed cracks,
which causes the pressure of gases to decrease intensely, and the
gas mixture begins to decompose by burning. The results of
polygon tests of non-detonating chemical mixture are shown in
Figure 6.

=
o
-
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Fig. 6 The results of polygon test of non-detonating chemical mixture
[2.,6]

3. Application of non-detonating chemical mixture

Non-detonating chemical mixture as borehole pressure
generators, can be widely used as a replacement for commercial
explosives when it is necessary to break the rock or concrete
structures non-invasively, in sensitive and urban areas, such as:

- road and railroad construction,

- demolition works,

- secondary breaking,

- rock breakage for foundation,

- trenching,

- stabilization of slopes and similar civil construction
operations especially in urban areas,

- quarrying of dimension stones block etc.

The main difference between the effects of explosives and non-
detonating chemical mixtures is that in the case of non-detonating
chemical mixture the energy is transferred to the rock mass by
increasing the pressure of released gases without shock waves. In
just a few milliseconds gas pressure exceeds the tension strength of
rocks and splits or breaks the rock depending on the non-invasive
method of rock braking. Stress waves rapidly decrease after rock
breaking which is of great importance for the reduction of ground
vibration, flyrock and possible damage of the surrounding rock
mass.
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Ground vibration is many times less than that caused by
commercial explosives, and safety zone against flyrock does not
exceed 30-35m. The air overpressure is 6-10 times lower than
during blasting using explosives. An essential condition for
successful application of non-detonating chemical mixture is that
the cartridge must fit well with the wall of the borehole, because the
smallest gap affects the reduction of the effect due to drop of the
released gas pressure. Cartridge should have such a diameter that
can be inserted into the bore hole without compression, and at the
same time the gap between the cartridge and the borehole wall
should be as small as possible.

4. Conclusion

After completion of laboratory and polygon testing, the basis
for successful IN SITU implementation of non-detonating chemical
mixture was created. The final adjustment of compositions remains,
in terms of the optimization of charging and initiation pattern in
specific types of rock regarding the type of non-invasive methods of
rock breaking.

The best results are achieved if non-detonating chemical
mixture is used in compact rock mass, because in bore holes with
intensive system of joints, there are two reasons for the reduction of
effect of non-detonating chemical mixture [2,6]:

1. expiration of products of decomposition through joints and
thereby the inability of directing the released energy,

2. inability to create the optimal pressure and force necessary to
break the rock because of conditions in which the reaction itself
takes place.

For these reasons, the retention of the released gases in the
cartridge is a necessary precondition for effective application of
these mixtures until obtaining the optimum pressure.

Further research is moving towards finding adequate rates of
decomposition of non-detonating chemical mixtures, achieving
optimal bore hole pressures with the absence of detonation,
controlling ground vibration, toxic fumes, flyrock, etc. A special
problem is the precision of the initiation of non-detonating chemical
mixtures, which is required, for example, when cutting the rock
material.
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Abstract: Roller leveling is a technological process of metal forming, used to minimize the flatness of sheet blanks and reduce the level of
residual stresses. When leveling, the workpiece is subjected to cyclic alternating bending with decreasing amplitude. The report presents an
experimental testing set-up designed and used to model the leveling process. The equipment is described and the first results are presented.
Keywords: LEVELLING PROCESS, LEVELLING FORCE, MODELING

1. Introduction b el

Sheet blanks are widely used in industrial production. For their
cutting, laser and plasma cutting is often used. After that, sheet 3
blanks often have insufficient geometric accuracy (flatness). To !
improve the geometric accuracy of sheet blanks various methods
can be used, including roller levelling.

Roller levelling is a technological process of metal forming,
used to minimize the flatness of sheet blanks and reduce the level of
residual stresses. When levelling, the workpiece is subjected to
cyclic alternating bending with decreasing amplitude. In this case,
the penetration depth of deformation should be at least 0.7 of the
thickness of the workpiece [1].

When levelling due to the presence of cyclic loading, there are
conditions in the process that both hinder the levelling process
(hardening) and facilitate it (the Bauschinger effect). All this can
give rather large differences in the results of calculations performed
by different methods. To obtain reliable results it is necessary to
know the dependance of stress on the degree of deformation for a
given material.

The existing experience of the world's leading manufacturers of
process equipment (ARKU, KOHLER, etc.) shows the feasibility of
using multi-roll levelers both for straightening piece sheet parts and
for integrating levelers into existing and planned automated lines
for the production of piece sheet blanks of a wide range for
machine-building, petrochemical, aerospace and other branches of
industrial production.

Multi-roll levelers are used for cold straightening of steel sheet
blanks and blanks of non-ferrous alloys up to 50 mm thick and up to
5000 mm wide. Hot straightening of steel sheet blanks is carried out
at temperatures of 500-700 °C, mainly immediately after leaving the
working stand of the rolling mill. Sheets with a thickness of over 40
- 50 mm are usually straightened in a cold state under presses.

2. Experimental set-up

The experimental set-up is designed for modeling the leveling
process of a sheet blank. Technological tests are designed to
identify the ability of a metal to undergo deformations similar to
those that the metal undergoes during its processing (leveling).

Physical modeling of the leveling process is carried out using
up to 13 leveling rolls on samples with dimensions (LxWXT)
200+1500x50+100%0+10 mm. The technical parameters of the set-
up are given in Table 1, the general view is shown in Fig. 1.

Modeling of leveling is carried out as follows. The workpiece is
fed into the gap between the rolls from the input side of the mill 1,
where it is captured by rotating rolls. The workpiece moves to the
output side of the mill; during the movement, the workpiece is
subjected to successive alternating bends with decreasing amplitude
(leveling). When leveling, force is recorded using strain gauges
installed in the mill, and torque is recorded using strain gauges
installed in the gearbox 2.

Fig. 1 Experimental set-up used in the modeling.
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Table 1: Experimental equipment technical parameters.

Power supply 220 V, 50 Hz
Power of installed engines, KW 2,2
Maximum sample length, mm 1500
Minimum sample length, mm 200
Maximum sample width, mm 100
Minimum sample width, mm 50
Maximum sample thickness, mm 10
Minimum sample thickness, mm 1

Sketches of the leveling roll and gearbox shaft with strain
gauges are shown in Fig. 2 and 3, respectively.

1
i

] 1
=<+ I
=it e

4 3 1

~

Fig. 2 Sketch of the leveling roll.

In the sketch shown, part 4 transmits torque to roll 2 mounted
on shaft 1. Using screw 6, part 7 experiences tensile stresses in a
specially prepared section where strain gauge 9 is installed.

3

Fig. 3 Sketch of the gearbox shaft.

In the sketch shown, 1 — current collector; 2 —amplifier; 3 — part
for connecting to the cardan shaft; 4 — shaft; 5 — gear; 6 — strain
gauge.

Force measurements were carried out using a bridge circuit
(Fig. 4).

Strain gauges BA350-100AA(11)-BX30 with a nominal
resistance of 350 £ 0.2 Ohm and a gain of 2.11 + 1% were used.
Standard 360 Ohm and 3 kOhm resistors were used.
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Fig. 4 Bridge circuit.

To convert electrical quantities into force values, a preliminary
calibration of the bridge circuit was carried out at two points. For
calibration, an HBM RTNC3/15T sensor with a HBM WE2108M
meter was used. The accuracy of the HBM RTNC3/15T sensor is
within 17.5 N.

3. Conclusion

The article presents the design of an experimental set-up for
modeling of the leveling process. The energy-power parameters
obtained during modeling can be used to adjust calculations and
computer models during computer simulations.
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Abstract: On the filter for fine air purification example the possibilities of additive technologies are shown, which allow to simplify and
facilitate significantly the product development process, in particular, the filtering purpose. The results of 3-D modeling of the filter design,
as well as 3-D modeling and 3-D printing of the tooling for studying the properties of filter elements to the filter and their structural
elements (except for the filter layer) are given. The possibility of questions operative solution in case of adjustment necessity of tooling

designs and filter elements at additive technologies application is noted.
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1. Introduction/Beedenue

The intensity of additive technologies development (AT) is
unparalleled [1]. These technologies have fundamentally changed
the design and construction processes and have found wide
application in such industries as automotive and aircraft
construction, electronics, medicine and others, due to their
advantages: the ability to quickly change the shape and size of
manufactured parts, to create products of complex geometry with
high dimensional accuracy and the ability to minimize the
consumption of the materials used [1-5]. The additive technologies
application in the creation of permeable materials, which include
the filtering materials considered in this work, has opened good
prospects for developers. Give one example, in [6] additive
technologies were used in the introduction of mesh structures into
the volume of parts without additional supporting structures and
boundary conditions, in [7] materials on experimental samples of
filtering materials rapid prototyping with orthotropic structure
assembled with tooling using 3D printing are presented, in [8] the
possibility of using additive technologies for laboratory research
and creation of in-plastic filter from cross-linked polyethylene has
been investigated. The advantages of additive technologies are
especially evident when it's necessary to promptly fulfill one-time
orders from consumers for the filtering devices design, which in
some cases can be executed in a complete cycle in laboratory
conditions.

The work is aimed at sharing experience in the application of
additive technology on the fine air purification filter example.

2. The results of experiment and their discussion

The main role in the purification of liquids and gases process,
in particular, air, is played by filtering materials (FM), which
provide the performance characteristics required by the consumer,
from which filtering elements (FE) are made, in turn, on the basis
of which a filtering device is constructed (in this case - filter for
fine air purification (filter)). Accordingly, the algorithm for the
development of a fine air purification filter included the following
main operations:

1) designing a FM with a given filtration fineness;

2) calculation of the filtration area providing the required
throughput capacity of the filtering device;

3) filter and FE design development and calculation of the
number of filter elements;

4) tooling design development for properties research;

5) fabrication of FE blanks from FM and study of their
properties;

6) fabrication of structural elements for FE assembly;
7) assembly of FE and filter.
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The scheme of the filter development process agrees well with
the four types of AT applications cited in [9], which were used for
the main operations: 3-D modeling of the filter, FE and tooling to
study their properties, manufacturing of the filter element
components (except for the filter layer) and tooling. Methodology of
creation of FEs and devices based on them does not depend on
customer's requests, but for reference we note that in the considered
case the fineness of filtration of the device was no more than
5 microns, throughput capacity not less than 70 m*/min, pressure
drop not more than 500 mm Hg, temperature at operation not
exceeding 50 %C, overall dimensions amounted to
640x640x150 mm, along the perimeter of the filter elements should
be indented not less than 40 mm.

At the first stage, a composite thin sheet filtering material based
on finely dispersed nickel powders of high flexibility was developed
to produce sintered porous blanks of tubular FEs by rolling (at this
stage of the work a preliminary conclusion was made about the use
of tubular FEs). The choice of thin sheet material was made taking
into account the trends analysis in this area of FM creation, which
are mainly reduced to achieving a lower price for the product
compared to competitors with its high consumer properties (low
hydraulic resistance, high flow capacity and filtration fineness, good
mechanical strength, long service life, etc.). The main ways to fulfill
these requirements nowadays are creation of porous structures
anisotropic in the filtration direction (providing reduction of filtering
layer thickness to a minimum), filtration area increase (mainly by
corrugation), FM porosity increase, introduction of innovative
design solutions for specific filtration processes realization).

Then, based on the Darcy expression for laminar flow, knowing
the value of the viscous permeability coefficient of the developed
FM [10], the filtration area was calculated to provide the required
filtering device capacity (it is also possible to determine the filter
area by determining the capacity of the workpiece at a given
pressure drop), digital 3D models of the filter, FE and tooling were
developed to study their properties and the number of filter elements
was calculated. When developing 3D models of the filter and FE, a
flexible relationship was established between their dimensions, the
total area of the filtering surface, the number of filter elements and
the dimensional limitations of the consumer; when developing a 3D
model of the tooling, the dimensions of the sheet blank before
rolling were taken as a basis. Then the structural elements were
fabricated and the FE and filter were assembled. The figures below
illustrate some operations results of the described process.

Fig. 1 shows photographs of a composite thin-sheet blank of the
filter layer after sintering and rolling for the manufacture of FE.
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Fig.3 Determination of the maximum pore size by the bubble
method.

The developed 3D models of the filter and FE are presented in
Fig. 4 and 5.

Fig.4 3D model of a filter for fine air purification.

L 7
M
b)
Fig. 1 Composite thin-sheet blank of the filter layer after sintering
(@) and rolling (b) for the manufacture of FE. v
The tooling appearance for controlling the properties of sintered —
filter layer blanks are shown in Fig. 2 and the process of
determining the value of maximum pores are shown in the Fig. 3.
3
N %g
Fig. 2 The tooling appearance for controlling the properties of Fig. 5 3D filter elements model: 1 - composite filtering layer
sintered filter layer blanks. assembled with outer layers of woven metal mesh; 2 - support

frame; 3 — snap ring.
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The appearance of the components made on a 3D printer for the
assembly and installation of the FE and filter element is shown in
Figure 6.

a)

b)
Fig. 6 Accessories for assembly and installation FE (a) and filter
element (b).

To manufacturing by 3D printing of components for assembly
and PE mounting and tooling for controlling the sintered blanks
properties of the PE filter layer 3D printer model Z - BOLT S300
(Belarus) and PET - G grade UMKA (Belarus).

The filter design is conditioned by the peculiarities of the
production equipment and represents a plate with holes for PE
installation, which by welding is hermetically connected to the
frame formed by four elements in the form of bent channels. It's
accepted as a typical one for solving similar technical problems.
The peculiarity of the design is that the filter is placed directly in
the air pipeline in a box-shaped casing with sealing tape seals on
the channels side surfaces. It facilitates installation and dismantling
of the filter, reduces labor and time of works. There are 119 filter
elements in the filter under consideration (Fig.4).

The developed FE design is also a typical one (Fig.5). It
includes 3 constructive elements: composite three-layer element
(1), consisting of two support layers of woven mesh and a filtering
layer of composite thin sheet filtering material based on finely
dispersed nickel powders, frame (2) and a cap ring (3). In the upper
flange of the frame (2) and the cap ring (3) there are grooves for
hermetic adhesive connection of the frame (2) and the element (1).
The presented filter element has a length of 145 mm and an outer
diameter of the upper flange of 50 mm. The upper flange has a
blind hole for a hexagonal wrench to create an axial force between
the filter plate and the lower end of the frame by means of the
internal thread located in the lower part of the frame in order to seal
the interface. The square shape of the mating partbase (shown
bottom right in Fig. 6a), which is located on the plate opposite side,
prevents the FE from turning during installation.
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In the filter design and manufacturing process, additive
technologies were used in operations 3-6. As a result, based on our
own experience, we can talk about the reduction of labor intensity of
work by 30-40% (under conditions of single production). It should
be noted that the work was performed in the conditions of one
research unit, non-productive time expenditures for technological
development and tooling for the study of properties and structural
elements of PE production were eliminated. The developed designs
are simple, reliable, allow to replace any filter element from the
filter composition, are standard and can be flexibly and quickly
reworked in accordance with the consumers' requests.

3. Conclusion

The algorithm of filter for fine air purification development with
wide application of additive technologies is given. Filter 3D models,
PE and tooling were developed to study their properties and the
number of filter elements was calculated. The components for
assembly (except for the composite three-layer element with a filter
layer) and mounting of the PE and tooling for the study of their
properties were produced by 3D printing method. It's noted that in
conditions of single production the reduction of labor intensity can
be up to 40%.
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Abstract: For various canonical forms (plane, cylinder, ball, etc.), a generalized mathematical model (MM) of a nonlinear steady-state
process of molecular heat transfer (or moisture diffusion) through enclosing structures (ES) is proposed, taking into account infiltration or
exfiltration of a vapor-air (gas) mixture and the presence of various internal or surface positive (moisture condensation) or negative
(evaporation of moisture) of heat sources (HS). The mathematical formalization of the posed boundary value problem (BVP) of transfer and
its general solution are given, on the basis of which, under various specified conditions of unambiguity, solutions of specific physical
processes with constant or variable thermophysical characteristics and HS are constructed and analyzed. For large-scale transitions, the
short-circuit problem is posed and solved under various boundary conditions (BVC), written in a criterion form as dependences of the

dimensionless temperature T(R, Pe, Po) on the dimensionless thermal resistance () of the heat exchange criteria for the similarity of

Pecle (Pe) and Pomerantsev (Po).
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THERMAL AND ENGINEERING NETWORKS.

1. Introduction

Depending on the purpose of the room (construction), climatic
conditions and the time period of the year, the processes of heat and
moisture transfer, filtration of the vapor - air mixture and liquid
through the capillary-porous solid layers of the enclosing structure
are accompanied by such physical phenomena as condensation
heating or evaporative cooling. Therefore, the processes of
molecular-molar heat and mass transfer through piecewise
homogeneous media are quite complex and interrelated [1-5].
Modern energy-saving buildings and constructions are built mainly
from capillary-porous and capillary-porous-colloidal materials,
which are used not only in civil and industrial construction, but also
in industrial heat and power engineering (thermal and electrical
networks, high-temperature heat exchangers, turbine blades,
brickwork heat- and electric generating units, systems of nuclear
reactors with internal cooling, etc.), the aerospace industry (casing
of high-speed flying vehicles, rocket nozzles, etc.) an d others,
where various elements of heating equipment are subjected to high
thermal stresses arising under the influence of high gradients of
transport potentials [6-9].

2. Materials and methods

The transfer of thermal energy in the enclosing structures (ES)
occurs through the solid skeleton of the material, liquid and
vaporous moisture, which are contained in capillary-porous and
capillary-porous-colloidal bodies. The differential equation (DE) of
steady-state nonlinear transfer taking into account filtration (vapor-
gas mixture and liquid) in the presence of internal volumetric
negative or positive heat sources (HS) under generally accepted
assumptions in relation to classical forms in Cartesian, cylindrical
and spherical coordinate systems (CS) can be written in the form of
an ordinary differential inhomogeneous equation (ODIE) of the
second order:

[T + f—?[il(t}t]'+ sgn[G]G(t)e, (D)t +sgn[1lI(t) =0, (1)
where t(r)- the temperature; r — the current coordinate r £ [0,/], h
— the thickness of the MES; A- the coefficient of thermal
conductivity OK (possibly taking into account its volume porosity
IT); T'- the shape constant (T’ = 0.2, respectively, «0» - unlimited
plate, «1» - cylinder or square bar, «2» - ball or cube); e,— the
isobaric heat capacity of the steam — air mixture; G — the flow
density of the steam — air mixture, here "+" means the process of
exfiltration, "—" — infiltration of the steam — air mixture; I(t) — the
capacity of the internal (+) or sink (-); «» (upper stroke) —
differentiation with respect to r; sgn[.] - (signum) "sign" function.
If I=const, then a continuously uniformly distributed positive or
negative HS acts in the considered region of thermal resistances. If
I{t) # const, then local, concentrated, or distributed positive or
negative HS acts in this region.
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With a generalized physical description of the processes of cooling
the MES (possibly evaporative) or heating (possibly condensing),
similar to equation (1), heat balances can be drawn up for both the
region r € [—uoo,0], and the region r € [0, +=], which lead to new
DE of gas (or liquid) flows entering the ES and outgoing from the
ES with boundary conditions (BC) corresponding to the new closed
intervals r. In this case, one or two more second-order ODIE and,
respectively, two or four BC are added to the DE (1), depending on
the conditions of the boundary value problem (BVP). Therefore, in
order to obtain an unambiguous solution, the set BVP of the transfer
processes in the MES will have to contain three second-order DEs
of the and six BCs. The temperature field t(r) in this case can be
expressed in terms of the ambient air temperatures from both sides
of the MES. In a more simplified version, these boundary DE for
the MES are replaced by BC of the third kind, with possible
consideration of surface sinks or HS at the boundary of the MES
surfaces [10, 11].

Therefore, equation (1) with BC of the third kind can be replaced by
simpler BC of the first kind, provided that constant fictitious
(equivalent) boundary layers are introduced. The analysis of the
molar heat transfer showed that in this case, the BC of the third kind
can be written as the BC of the first kind. Then, when solving the
ODIE (1) and the presence two isothermal surfaces in the BC, it is
convenient to apply the Kirchhoff transformation [12, 13], which,
through a new auxiliary variable & and the average coefficient of
thermal conductivity 4. leads the ODIE (1) to formalize the
following BVP:

. _ G(8)c, (6) . |
8 + T—‘r‘e + 5911[5]%3 + 5.9'?1[i’]jrfimI =0,(2)
8(0) = 6, = t,, (3)
6(0) =6, =ta, )
A8 = A(t)t, (5)

where A = (1/4t) [[*A(8)dE, At = t; — ty,£; > t,1; tyand
the temperatures of the opposite surfaces of the MES. The direction
of the heat flow relative tor = 0 is determined by the BC of the
BVP.
The formalized BVP (2)—(4) can be rewritten in a criterial form
using the Peclet (Pe) and Pomerantsev (Po) criteria and
dimensionless scales of temperature (T) and thermal resistant
R, which is especially convenient, since it allows converting a MES
into a single-layer one.
In this case, omitting intermediate transformations, BVP (2) - (4)
can be written as:

T + fr + sgn[ Pe]Pe(T)T + sgn[ Po]Po(T) = 0, (6)

T{0) =0, (N
T(1) =1, (8)
where T=(8—-6)/(8.—8)[0,1] - dimensionless

temperature, R = R/R, € [0,1] - dimensionless thermal resistance,
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here R =r/a— current thermal resistance, Ry— total thermal
resistance (total, reduced, required or multilayer wall), which is
selected depending on the accepted BC; Pe = G{T)c,(T)Ry (( in
construction thermophysics the expression Gc,Rgis called the
relative coefficient of filtration heat transfer, which characterizes
the ratio of the thermal capacity of the air flow Geyto the heat
transfer coefficient of the enclosure structure K = 1/R,). If we take
into account the volumetric porosity of the MES, then
Pe = [G(T)c,(T)Ro)/[1 — ITT;Po = [I(T)h?]/[A.AT], in this
formulation of the BVP ATin the Pomerantsev criteria can be
omitted, since the maximum temperature difference is equal to one;
«'» (upper stroke) — differentiation according to &.
If the limits of variation of the similarity criteria Pe and Po are set,
then the sign of the signature in ODIE (6) can be omitted , provided
that Pe and Po are specified in the interval [0,1]. In this case, Pe and
Po can be written as:
Pe = [Pe — inf( Pe)]/[sup( Pe) — inf({ Pe)],
Po = [Po — inf( Po)]/[sup( Po) — inf( Po)] € [0,1].
Therefore, all dependent and independent variables and parameters
of the generalized BVP are dimensionless and they will belong to
the four-dimensional normalized unit space (T, R, Pe, Po), and the
BVP (6) - (8) will be rewritten as:

T +g?"+ Pe(T)T +Po(T) = 0,(9)

T(0) =0, (10)

ra =1 (11)
Therefore, the above transformations significantly simplify the
mathematical formalization of the BVP, eliminate physical
dimensions and signs, and solve the issues of scale transition [11].
The initial ODIE (1) with variable transfer parameters
[A(t), Pe(T), Po(T)] and BC of various kinds (possibly mixed and
nonlinear), taking into account surface positive (or negative) HS
(sinks), in the most general case, is solved by numerical or
approximate methods of solving ODIE, and under certain
conditions of the indicated transfer parameters, it can be reduced to
solving the well-known DE of Bessel, Legendre or to solving a
linear inhomogeneous DE of the n-th order (in our case - of the 2nd
order) with variable coefficients of the form [6]

Y e O0) = £,
i=0
where a;(r)— are the variable coefficients of an inhomogeneous n-
order DE; (i) — the superscript at t means the number of the
derivative, t(® = t; a5 = 1.
The general solution of ODIE (12) is sought in the form

t(r) = too(r) + tonn (), (13)
Where t45(1), tonn(17)— respectively, the general solution of the
homogeneous DE (f{r) = 0) and some particular solution of the
inhomogeneous DE.
If a linearly independent fundamental system of solutions
t;(i = 1;n) of the corresponding homogeneous DE (12) is known
on some interval, then the general solution of the inhomogeneous
DE can be found by the method of variation of arbitrary constants.
In this case, the solution to equation (12) is sought in the form [12]:

n

Hr) = ) a0,

i=1
wherec; (r)- unknown functions are found from the system of n
equations:

n

D @) =0,

i=1
n

Z ' ()t () = 0,

i=1

(12)

(14)

(15)

n
Z &' (M"Y () = fr),
i=1
Solving system (15) with respect to ¢; (), we obtain
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o =Y. (18)
from where
c; = J‘ Yi' (:T')G:T' + L'-T:', {l?)

where ¢&;— arbitrary constants of integration determined from the
BC of the BVP [10].
Further, substituting the obtained values ¢;{r) into (14), we obtain
the general solution of the inhomogeneous DE (12). For example,
for a second-order equation, system (15) takes the form

ot + e ta=0,
{r;zl et = £ ), “®
pellas ee OTHOCHTEINBHO C] U Cy, HallzeM:

_ [ tf(n B
e, ()= W[tl.!::]dr-i_fll .
e (r)=— I;l[:{? ] dr + ¢,
152
where  W(r) = Wty t.] = () () Wronskian ~ for

t'(r) &'l
functions t;(r),i = 1,2.

Fig.1 shows some typical distribution profiles t(R) in the ES
depending on the transfer parameters [A(t), Pe(T), Po(T)] and their
signs [13].

t,°C

ity

7

m?-°C

Rn

=ty [~

R4

Fig. 1. Typical partial graphical dependences of the distribution in
the MES:(1) — excluding air filtration, HS and A = const; (2) — -
taking into account air infiltration; (3) - taking into account air
exfiltration; (4) - taking into account air infiltration and heat sink
(the presence of moisture in the ES); (5) - taking into account the
exfiltration of air and HS; (6) — curve (4), (6) - curve (4), but taking
into account the linear dependence A(t) at § < 0; (7) — curve (4),
but taking into account the linear dependence A(t) at 8 = 0.

For linear inhomogeneous DE with constant coefficients and with
the right-hand side of the form:

flry=e®R[Pirlcos fr +Q,(risin fr]. (20)
where E.(r) and @,,(r)— respectively, the polynomials of degree e
and m with indefinite coefficients, a particular solution of the
inhomogeneous equation (2) can be found more simply - by the
method of indefinite multipliers (selection method). In this case:
tepn(r) = r7e®B[B (r) cos Br + Q. (r)sin B r], (21)
where k = max (m,e); B.(r) and §.(r)— polynomials of r k-th
degree of the general form with indefinite coefficients; s — is the
multiplicity of the root y = a+ifof the characteristic
homogeneous equation (if y = a +if is not the root of the
characteristic equation, then s=0).
Therefore, depending on the moisture content, the structure of the
capillary-porous materials, the thermophysical characteristics of the
MES, and other factors, the function f(r) can be selected as a special
case of expression (20). Particular solutions for various types f(r) of
equation (12) for a; = const,i = 1,n can be found in [10 and
others].
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3. Results and discussion

Let us consider as examples several simplified special cases of
solving the BVP, some of which can be reduced to known solutions,
presented, in particular, in [1-10].

I. For T'=1, A(t), Pe=const, Po=const and an artificially omitted
sign of the signature (since Pe, Po & [0,1] the BVP (6)—(8) can be
written in the form [6]:

T +PeT +Po=0, (22)
T(0) =0, (23)
T(1) =1, (24)

where at Pe < 0 there is infiltration in the MES, at Pe > 0—
exfiltration, at Pe = 0 there is no air filtration or infiltration and
exfiltration compensate each other;
at Po < Othe negative HS acts, at Po > 0— positive HS acts, at
Po = 0 there are no sinks and heat sources, or they compensate
each other.
The analytical solution to BVP (22) - (24) is obtained in the form:

- exp{ —PeR) —1 Poy Po_
T(R) = exp( —Pe) —1 ( * Pe) Pe R, (25)
which already covers all combinations of the above special cases of
transfer parameters (Pe, Po) under the given single-valuedness
conditions.
Il. For I'=2, A{t) =Ay{1+ 8t} (4- the known coefficient of
thermal conductivity at the control temperature t,, S - the
temperature coefficient of thermal conductivity), Pe=0 and Po=0 we
obtain an intermediate known solution of BVP (2) - (4) in the form:

In(r/n)
Blr)=t,+(t,— ;) ————. (26)
__l 2 Iﬂ(?’zfﬁ) ) ) S
The original dependent variable t(r) is found using semidefinite
integration (5) and for the case of linear dependence A{%) we obtain
a quadratic equation of the form

gt Bti  A(t,—6)
T+t—tl+T—T, (27)
where

ty+t
AC=AU[1+MI, (28)

solving which with respect to t (the root from physical
considerations is taken with the positive sign of the radical) taking
into account (26) and (28), we obtain

- 1}. (29)

(1+§ t:}:]
(1 +pt,)*

Mathematical analysis of the results for constant A and variable A(t)

showed that the variability of A(t) at § = 0 increases, and at

£ = Odecreases heat transfer, and the formula for calculating the

increase in the relative change in the heat flow due to the variability

of A(t) will be

In(r/r)
m(ra/my)

t =é{[1+5zl}\‘||1— [1—

Aq =[q(f) — ql/q (for g > 0)
or

Aq =[q—q(l/q(B) (forg <0).  (30)
Il. For T'=2, the linear dependence A(t), Pe=0 and Po=const the
general solution of the DE (2) by intermediate replacement of the
variable 7 = & + Ir* /44 _.can be reduced to the solution of the DE
for the previously considered case 11 (when Po=0). Then the general
solution of equation (2) for Po=const considering the indicated
replacement, can be written as [6]

8(r) =¢, Inr — + o, (31)

44,
and after determining ¢, and ¢, from the BC (3), (4) the solution
8(r)is

tlrd —rf ] intr/r) _ ilrf—rf)

6(r) = [t.—t, + 72

+t, (32)

A Inirs fry ) 44
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For a more simplified presentation of the algorithm for moving to
the source variables of the BVP, we take t; = t, =0. Then
equation (32) takes the form [13]

i 1 =) In(r/m) IHri—n7)
8(r) = [ 4z, } In(ra/ry) a, &9
and the quadratic equation with respect to t is

Agt?
ﬂT°+ADt—ACt?= 0, (34)
from the solution of which it follows

=\.-l—2,6’}f—l (35)

B ' '
where
9 o {7 /1 - 2
I - ?'1_) 111('-?:;‘;1)) - )] 3
Y= FER (36)

For g =0 it follows that t=1y, and for § =0 it follows
g =1/2maxy.
From the analysis of the obtained solutions, similarly to example II,
an estimate of the temperature profile is derived depending on A{t)
bothat g = 0,
andat § = 0.
IV. For I'=1, A = const, Po=const and Pe=0 the solution to the
BVP (6) - (8) will be [6]

M A
T = R(J1-2py l)} (37)
and if the heat flow coincides with the positive direction of the axis
r, it will be

T={j1—§)(1+¥).

Fig. 2 shows the T(R) dependences for different values of Po.
&7

(38)

-0,4

Fig. 2. Graphic dependence T(R) at -6<Po<6.

If Po>0 «t+» HS, if Po<0 «» HS, Po=0 — then this is stationary
thermal conductivity (no HS)

The numerical results of changes in the relative temperature T(R)
for various Po criteria showed that depending on the Po criterion,
the temperature of the ES can be significantly higher than the
maximum surface temperature of the ES at Po = 3 and less than the
minimum surface temperature of the ES at Po = —3 [14-17].

Therefore, the higher the moisture content of the MES (negative
HS), the deeper the moisture condensation front shifts into the MES
(the period of the year with negative temperatures) and the wider
the condensation zone.

In this case, the dimensionless temperature depends on the
independent variable Rand two transfer parameters Pe and Po.
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Graphical dependences T{R) at different values of Pe and Po are
shown in Fig. 3.
a)

Fig. 3. Change in the dimensionless temperature along the wall
thickness for various physical processes in the ES:
(@) 1 — infiltration (-3<Pe<0,01; Po=0); 2 - Iinfiltration (-
3<Pe<0,01) and heat source (Po=3); 3 — infiltration

(-3<Pe<0,01) and heat sink (Po= -3);
(b) 1 — exfiltration (0,01<Pe<3; Po=0); 2 — exfiltration (0,01<Pe<3)
and heat source (Po=3); 3 — exfiltration (0,01<Pe<3) and heat sink
(Po=-3).

Further, based on the constructed temperature fields, considering
the infiltration (or exfiltration) of air and negative (or positive) HS,
it is possible to calculate the humidity regime of the MES. For this
purpose, the saturated mixing ratios E[t{x)] are determined for
each layer of the MES. Then, according to the dependencies E{x)
or E{R,gp), (where R,.,- water vapor permeability resistance in
the MES) and the relative humidity of the inside air and the external
atmospheric environment surrounding the MES, the presence or
absence of CZ moisture in the MES is graphically determined [2,
18-24]. In the presence of CZ, the amount of moisture condensing
in the MES under stationary conditions of water vapor diffusion is
determined. Then, the densities of mass flows of moisture of air
entering the CZ from the room (J,,;) and leaving the CZ outside
{Jmz) are found. Then the specific density of the amount of
condensing moisture in the MES (J,.) will be:

Tie = [Ton1 = Tz |- (39)
The considered method for calculating the humidity conditions of
the MES also allows to calculate the rate of drying or desiccation of
the MES after the cessation of moisture condensation in it during
the period with positive outside atmospheric air temperatures [25].

4. Conclusions

The proposed generalized MM (9)—(11) of nonlinear transfer
processes in ES allows you to:

- calculate temperature fields, values of heat fluxes, as well as
various transfer coefficients, etc. derived characteristics of the ES,
taking into account the moisture content, for various types of
physical phenomena or processes (including in engineering, thermal
and electrical networks).

- take into account, when calculating the transmission field (heat,
moisture, vapor-gas mixture), the change in thermophysical
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characteristics from the thickness or the value of the thermal
resistance of ES [6];

- use the results obtained for calculation in practice when designing
ES buildings and structures, creating or updating building codes and
codes of rules for thermal protection of buildings [14, 15], etc.;

- perform calculations on heat and mass transfer for different types
of ES for canonical systems. Therefore, with precision to the
reinterpretation of symbols, it is possible to successfully use the
obtained patterns for other transfer processes.
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Comparison of 2D and 3D digital image correlation in determining of deformation
distribution
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Abstract: Digital image correlation tests were performed during cold deformation on aluminum - magnesium alloy. The comparison of
strain distribution obtained with 2D and 3D digital image correlation was analyzed and compared. The comparison of strain distribution in
static tensile tests was performed with qualitative strain distribution and quantitative line analysis and strain-time relationship. The tests
showed that there were no significant differences in the strain values and distributions obtained using the 2D and 3D digital image
correlation when comparing the qualitative and quantitative results.

Keywords: DIGITAL IMAGE CORRELATION, 2D AND 3D DIGITAL IMAGE CORRELATION, STRAIN DISTRIBUTION, STATIC
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However, it is not clear whether there are significant differences
in the distribution and value of strains during the 2D and 3D DIC

Digital image correlation (DIC) is known as a very good  tests.
method for determining and analyzing displacements and
deformations in various metallic materials [1-3]. One of the
advantages of DIC is that it can be used in laboratories for testing
materials, but also in various industries when it is necessary to
monitor displacements or deformations on the tested material or on
the finished products. Digital image correlation is widely used in

1. Introduction

Therefore, a qualitative and quantitative comparison of the
distribution and values of strains between the 2D and 3D DIC
results was performed in this paper.

2. Materials and methods

various fields such as mechanical engineering, metallurgy, The tests were performed on samples from a cold-rolled sheet
biomedicine, construction, automotive and aircraft industries, etc of Al-Mg alloy 5754 with a thickness of 3 mm. The prescribed
[3-8]. chemical composition of Al-Mg alloy 5754 is magnesium 2.60 -

3.60 wt %, silicon 0.0 - 0.40 wt %, chromium 0.0 - 0.30 wt %,
copper 0.0 - 0.10 wt %, others 0.0 — 2.0 wt % and the rest is
aluminum.

This method is commonly used in the forming of various
metallic materials such as steel, aluminum, Al-Mg alloys and others
[9-12]. It is very important when used during plastic deformation
because it is possible to obtain information about the deformation The dimensions of the test samples were parallel length 50 mm,
behavior in real time by determining the strain distribution of width 20 mm and thickness 3 mm. The samples were subjected to a
different metals and metal alloys [9]. It is known that with digital  static tensile test with a constant stretching rate. The tensile test on
image correlation it is possible to determine the displacements and the test samples was carried out on a Hegewald & Peschke 100kN

strain values as well as their distribution on test samples [11,13],  tensile machine. A constant stretching rate of 30 mm/min was
but also on finished products during metal forming. applied during the tests.

In the forming and plastic deformation of metals and alloys, The test samples for the 2D and 3D DIC tests were prepared by
there are both flat and curved surfaces on products and test samples. applying a RAL 9000 white matt coating to the sample surface.
Therefore, in addition to the use of 2D DIC, there is an increasing Then the random black patterns were applied to the white
need to test with 3D DIC [14]. This is because 2D DIC can only be background using the black matt coating GRAPHIT 33.
used to test the flat surface of the product or test sample, whereas

3D DIC can be used to test samples with different 3D shapes and The test samples during the static tensile tests were recorded in
dimensions. parallel with cameras for 2D and 3D DIC tests, Fig. 1. Digital

camera Basler ace acA2500-14um with a resolution of 5 MPix was
Another important limitation of 2D DIC inspection is the use of used, which was mounted perpendicular to the test sample. In
a single digital camera, which must be positioned perpendicular to addition to the 2D DIC camera, the front camera in Fig. 1, the
the plane of the inspection sample or product. However, with 3D ARAMIS Adjustable 2D/3D 12M system was also used for the 3D
DIC testing is possible to position digital cameras or sensors freely DIC, the back cameras in Fig. 1. The ARAMIS Adjustable 2D/3D
in front of the test sample or product. Calibration before the test is 12M system has two cameras with a resolution of 12 MPix.
also very important. It is more complex with 3D DIC, but also more

precise than calibration for testing with 2D DIC [15]. The calibration procedure was carried out separately on the
camera for 2D DIC tests and for 3D DIC tests on the ARAMIS

Today, numerous studies with 2D and 3D DIC are carried out  system, as there are different calibration procedures and the process
on various metallic materials [3] In the study [16], 2D DIC strain for 3D DIC tests is much more Comp|exl
distribution tests were performed on DP600 steel using different .
types of analysis such as line, point and strain over time. Strain The analysis of the recorded _results was performed for both test
distribution during plastic deformation of low carbon steel in ~ Methods (2D and 3D DIC) using the GOM Correlate software
different areas of the deformation zone was investigated using 3D ~ Package for the analysis of displacements and strains. For both
DIC tests [4]. methods, the same parameters were used for the correlation of the

recorded digital images.
There are also some studies comparing 2D and 3D DIC, but the

tests are performed on different metallic and non-metallic materials
[7,17]. For example, in [18] is compared the application
possibilities and the results achieved with 2D and 3D DIC during
indentation process of AISI 304 steel. It was concluded that in
certain situations, 2D DIC proved to be a simpler and better solution
for the application, while in other, more complex situations, 3D
DIC investigation was more suitable.
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Fig. 1 Equipment during 2D and 3D DIC test.

3. Results and discussion

Qualitative (deformation maps) and quantitative (line) analysis
was performed to analyze in detail the comparison of the measured
strain values and their distribution by 2D and 3D DIC at selected
points during the static tensile test. Points at different times during
the static tensile test were selected for analysis: 0 s (A), 10.3 s (B),
15.7s(C), 25.9 s (D), 29.7 s (E), 36.1 s (F), Fig. 2.

250 D E .
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50

20
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Fig. 2 Stress-time diagram with test points A-F.

Qualitative results (deformation maps) show a comparison of
the coloration on the deformation maps obtained by the 2D and 3D
DIC during the static tensile test. The deformation maps showed
almost identical colors at selected points, i.e. values and distribution
of strains in the deformation zone of the tested samples, Fig. 3. It
can be concluded that the qualitative results showed no differences
in strain distribution.

A comparison of the quantitative results for the maximum
values of the strain values was carried out, as the qualitative
analysis showed no significant differences in the strain distribution
between 2D and 3D DIC. The results of the quantitative analysis
and the comparison of the strain values and distribution during 2D
and 3D DIC testing of the Al-Mg alloy are shown in Fig. 4.

Obtained quantitative results show that there are no significant
differences between the maximum strain amounts of the 2D and 3D
DIC results over time, Fig. 4. It can be clearly seen that the
measured maximum strain values overlap very well from the
beginning of the deformation process to the fracture of the samples.

In order to determine in detail possible differences in the results
of the strain values and distribution determined by the 2D and 3D
DIC during the static tensile test, a line analysis was performed at
the selected test points (points A-F), Fig. 5.
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Fig. 3 Comparison of the qualitative DIC results of the strain distribution.

40

Comparison of the maximum strain amounts
during testing
g 0.6
0.5 I’
g 0.4 l
£ 03
£ 02 —
% 0.1 /_/—/
= 0 — : ; . .
0 10 20 30
Time, s
——2D max 3D max

Fig. 4 Comparison of the quantitative DIC results of the strain distribution

over time.
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Fig. 5 Line analysis of the strain amounts along the length of the test sample
at the points: a) A, b) B, ¢) C,d) D, e) Eand f) F.

It was found that the measured strain values determined with
the 2D DIC corresponded very well with the strain values
determined with the 3D DIC over the entire length of the test
samples during comparing the results obtained by quantitative line
analysis.

Negligible differences in strain amounts between the 2D and 3D
DIC were found only in certain parts of the deformation zone before
fracture of the test samples, Fig. 5. It can be concluded that there are
no significant differences in the measured strain values and
distribution during testing with the 2D and 3D DIC.

4. Conclusion

The study has shown that there are no significant differences in
the distribution of strain values in the deformation zone during
static tensile testing with 2D and 3D DIC on the Al-Mg alloy.

The comparison of the qualitative results showed that there are
no differences in the strain amounts and distribution obtained with
2D and 3D DIC. The quantitative results confirmed that there are no
differences in the measured strain values and distributions.

A more detailed quantitative line analysis did not reveal a
significant difference in the strain values and distributions
determined with the 2D and 3D DIC.
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Lech B. Dobrzanski
Medical and Dental Engineering Centre for Research, Design and Production ASKLEPIOS,
ul. Jana 11 Sobieskiego 12/1, 44-100 Gliwice, Poland
Corresponding e-mail address: dobrzanski@centrumasklepios.pl
ORCID identifier: https://orcid.org/0000-0002-4671-3060

Abstract: This study aims to present the practical application of the Dentistry 4.0 concept based on obtaining data on the patient's
intraoral situation and bone base using CBCT, processing them into a digital model, creating a digital twin, and then developing an intra-
procedural navigation procedure through a dedicated surgical guide and then designing and manufacturing, using 3D printing, implant-
prosthetic restorations. The study describes the results of the author's work, indicating the engineering aspects of implant prosthetic
treatment based on the description of cases related to the reconstruction of single missing teeth using dental implants implanted in the case
of difficult anatomical conditions of the bone base and/or adjacent teeth, with a discussion of the material selection methodology,
technological and structural design, using additive manufacturing.

The technology for the design, manufacture and application of implant-prosthetic restorations developed by the author, preceded by a
fully navigated implantation procedure of dental screw implants, illustrates in practice the full application of the Dentistry 4.0 concept,
where the latest technologies, including primarily computer-aided design and computer-aided CAD/CAM manufacturing, the use of a digital
twin, supporting surgical procedures through the use of templates navigating the operator's actions and additive manufacturing allow for a
radical increase in the availability of implant-prosthetic solutions for patients with difficult anatomical conditions, both due to a limited bone
base and anomalies of the anatomy of adjacent teeth. Thanks to the latest technology, not only is it possible to perform this type of
procedure, but it is also possible to perform the procedure in a short time, with minimal interference in the patient's tissues and ensuring the
optimal shape of the prosthetic restoration itself.

Keywords: TITANIUM ALLQOY, 3D PRINTING, COMPUTER-AIDED DESIGN, COMPUTER-AIDED MANUFACTURING, SURGICAL
GUIDE, DENTAL ENGINEERING, DENTAL IMPLANTS

traditional methods using impression materials), will allow
obtaining a digital twin of the conditions in the oral cavity [9-11].

Dentistry 4.0 is an original concept [1-4] of using the  On this basis, the patient is qualified for implant treatment. At this
achievements of the latest technology consistent with Industry 4.0 stage, decisions are also made about possible regeneration or
[5-7] in dental engineering and dentistry to ensure maximum reconstruction procedures. In this study, the author focuses on the
repeatability and predictability of the developed prosthetic solution, reconstruction of single missing teeth based on screw implants in
optimal use of tissue conditions, and maximum accuracy of the atypical anatomical conditions of teeth immediately adjacent to the
manufactured prosthetic restoration in the shortest possible time  implantation zone, radically limiting the volume of the bone base
available in a specific clinical case (fig. 1). that can be implanted and the case of maximum use of the natural
course of the bone base in the form of the septum of the
maxillofacial sinus to avoid the need for procedures to raise the

Dentistry 4.0 floor of the maxillofacial sinus [12].

Using the Dentistry 4.0 concept, according to the model of the
three most important aspects of coincidental horizontal factors
(fig.2), particularly concerning CAD/CAM design and 3D printing,
allows us to limit the necessary scope of the procedure [13,14]. First
of all, accurate, repeatable, and easy-to-install surgical templates
allow for limited interference with the patient's alveolar tissue [15-
17]. Thanks to this, the doctor performing the procedure does not
have to separate these tissues with a large margin, enabling visual
control of the insertion of the guide drills. Then, the procedure
consists of making one drill, deepening and enlarging with three
drills, and creating an implant bed into which the implant is
inserted. Additionally, the risk of damaging adjacent teeth or

Fig. 1. General diagram of the Dentistry 4.0 model showing synergistic perforating the bottom of the maxillofacial sinus_in the case of the
relations between dentistry, dental engineering, and materials engineering upper arch or damaging the dental nerve canal in the case of the
[8] lower arch is reduced to an absolute minimum. The procedure also
allows you to reduce the duration of the procedure by at least 60%
[8]. This also increases the profitability of the dental clinic, which
can perform more comprehensive smile reconstructions
simultaneously. Additionally, the risk of complications resulting
from implantation procedures is reduced by at least 50% [8].

1. Introduction

Dcntutry Dent \l Engineering Material Engmeering

L o ﬁlf}

The synergistic interactions of these disciplines

The design of optimal prosthetic reconstruction based on
implants should always be started at the consultation visit when the
patient presents with a damaged or missing tooth requiring
prosthetic reconstruction. Already at this stage, the cooperation
between the dentist conducting the treatment and the dental
engineer begins, who supports the process of assessing the
conditions in the patient's oral cavity to select the appropriate
implantological or prosthetic solution properly. The basis for the
consultation should be data obtained from CBCT cone beam
tomography, which, combined with data obtained from an intraoral
impression (made both digitally with an intraoral scanner and
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Fig. 2 The Author's model of the three most important aspects of coincidental
horizontal factors concerning the development of engineering materials,
widespread computerisation of technological processes, and minimisation of
the environmental footprint [8]

The use of 3D printing in producing elements necessary for
implant prosthetic treatment also brings significant benefits related
to a radical increase in the accuracy of the elements made compared
to those made using casting techniques or CNC milling technology
[18]. Firstly, it is possible to reduce the weight of manufactured
elements. The author's research allowed for the conclusion that
printed elements are up to 25% lighter than those milled from the
same design. This is because prosthetic elements have very
complex, irregular shapes, which means that milling requires the
use of very thin tools, the diameter of which does not exceed 1 mm.
Despite this, some areas, e.g., the prosthetic bridge, are inaccessible
to these tools. Additionally, CNC milling technology does not
ensure perfect shape repeatability due to the need to ensure tool
access in a specific production axis. The main advantage is also a
radical reduction in production time, which, in the case of large
prosthetic elements, can be reduced by up to 4-5 times [8,13].

All these aspects mean that 3D printing has deep justification
for applications in dental engineering, especially implant prosthetic
treatment procedures.

This study presents the practical application of CAD/CAM
design technology using 3D printing in two technologies: SLA
stereolithography using polymeric materials used to produce a
surgical template plate and selective laser sintering/selective laser
melting SLS/SLM in the case of tool guide elements in surgical
templates and prosthetic restorations.

2. Procedure for designing an implantological and
implant prosthetic treatment plan

The process of designing a prosthetic restoration begins when the
doctor conducting the treatment, after examining with a cone beam
computer tomography, turns to our Dental Engineering Center to
prepare an implant treatment plan. The first stage of CAD design is
to determine the course of the mental nerve canal, which determines
the available volume for the insertion of implants, then determine
the necessary distance to the neighboring teeth, which is at least 1.5
mm, so as not to damage the tissues of the nerve running to this
tooth. Another necessary parameter is to ensure an appropriate
distance between the implanted implants, which should be at least
one diameter of the implant, thus ensuring proper introduction of
prosthetic elements at the following stages and adequate blood
supply and nutrition of the bone tissues around the implant. After
selecting the appropriate implants, particularly their length and
diameter, as well as the finishing of the implant crown, i.e., the
polished area and the plan being approved by the attending
physician, you can start designing the surgical template. To obtain
the exact situation in the oral cavity, it is necessary to take a CBCT
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photo with markers visible in x-ray examinations. Combined with a
carefully made intraoral impression and a digital model of soft
tissues and teeth in the supragingival section, it is possible to
provide information about all tissues, including those not correctly
visible in X-ray imaging. This also offers the opportunity to test the
fit of the surgical template before implantation. Then, a design of
the surgical template is made. If the patient has adjacent teeth, there
is no need to use osseous templates. We use dental and mucosal
templates. The standard fit of the template plate is 100 micrometers.
In the family of templates developed by the author, the standard
also includes the use of drill guide sleeves made in 3D printing and
SLS/SLM technology, individually for each implant inserted. Both
printed guide sleeves and sleeves placed on drills are individualized,
both on the pilot and subsequent drills. It is also possible to insert
the implant through the template. It is also necessary to provide an
appropriate method of cooling the bones when drilling.

Fig. 3 The entire surgical guide system

After the procedure, a CBCT control photo is taken to assess its
effectiveness and the degree of possible deviation from the
assumptions.

In the next stage, after a break of 2-4 months, the prosthetic
restoration is made. CAD/CAM design based on SLS/SLM 3D
printing technology is also used. A design is prepared based on data
obtained from the intraoral impression. Information about the
patient's bone condition is not required at this stage. If the implant
was implanted following the original design, it is possible to make a
screw-retained restoration using mono crown and mono bridge
technology, where the vectors of occlusal forces acting on the
implant-prosthetic restoration system run in the axis of the implant
and the mouth of the fixing screw canal are located on the occlusal
surface. Thanks to this, there is no need to make an additional
element, i.e., an implant connector, which is then glued to the
crown. In this way, we eliminate a potential source of
complications, which is the incorrect placement of the crown on the
abutment during the cementation procedure in the patient's mouth. It
is also possible to efficiently service such a prosthetic solution
without destroying the crown, which significantly extends the life of
the entire solution and minimizes the risk of irreversible
complications in the soft tissues surrounding the prosthetic
restoration and hard tissues surrounding the implant.
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A dental and mucosal template was designed and made using SLA
3D printing technology from a polymer enabling steam sterilization.
(fig 6,7)

3. Case study
a) CASE 1

The case report concerns 2 cases of implant treatment in patients
with single and double missing teeth in the mandible and maxilla's
lateral sections.

Patient No. 1, 66 years old, came for the reconstruction of missing
pterygoids of the mandible. On the right side, teeth 46 and 47 were
missing, and on the left side, tooth 36. The CBCT examination
revealed unusual anatomy of teeth 35 and 45, which have a double
curved tooth apex, as shown in Fig 4.

Fig 4 Initial condition before starting treatment on the OPG image

The presented anomaly radically reduces the volume of the bone
base in the implantation area, which can be used to perform
successful implantation.
There is also a very high risk
of damaging this tooth
during the implantation
procedure because  an
attempt to insert the implant
in the axis of teeth 35 and 45
would cause perforation of
the tooth tissue, which would
require interruption of the
implantation and  would
result in the need to remove

Fig 5 digital model of the patient's isolated teeth

these teeth (fig 5). The procedure failure risk without a surgical
guide should be very high. An implant template was designed to
consider the shifting of the implantation site to ensure sufficient
bone parameters between the teeth and the implants.

Fig 6 design of implant placement along with a model of the
surgical template and all its components

Fig 7 Model of the surgical template on a digital model

The template plate has beds designed to accommodate individual
drill guide sleeves made using SLS/SLM 3D printing technology
from a titanium alloy. The template was used for implantation. Fig
.4 shows the initial clinical situation, and Fig 9 shows the situation
after implant insertion. Fig. 8 shows the design of the prosthetic
restoration framework. The success of the procedure was verified
concerning the project. The design deviation is shown in Table 1

Fig 8 Design of the prosthetic restoration framework

Table 1: table of the difference in the angle of the implant insertion axis in

relation to the CAD design after the procedure (in degrees
ID 36 35 46
36 0 2,9 _
35 29 0 -
46 - - 11
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Fig 9 CBCT examination after implantation with a procedure to
verify the correctness of implantation concerning the design

b) CASE 2

The design began with selecting an appropriate insertion path and
selecting a standard screw implant, also taking into account
maintaining a proper margin of bone tissue between the implant and
the bottom of the maxillofacial sinus to avoid its perforation. Then,
a model of the patient's tissues in the oral cavity was made based on
a CBCT image and an intraoral impression (fig 9).

Fig 9 Design of implant placement in the digital twin of the
patient's bone base along with the design of the drill guide sleeve

This was done based on a photo taken with a positioning plate,
which is part of the template system developed by the Team of
which the Author is the leader. After positioning all the collected
data in one project,
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Fig 10 digital assembly of a bone base model, an intraoral scan,
and a surgical template model

A template board was made using SLA technology from polymer
materials. A bed was designed for a titanium alloy sleeve
manufactured using SLS/SLM 3D printing technology. (Fig 10)

The template was made as a dental and mucosal template, so all the
components did not encroach on the alveolar tissue zone. The
treatment doctor performed the procedure according to the design
(fig 11).

Fig 11 OPG photo immediately after implantation

Then, a mono crown was made using SLS/SLM 3D printing
technology, where the individual connector is integrated with the
prosthetic crown (fig.12), creating one element, which was then
covered with a facing layer of porcelain.
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Fig. 12 Cross-section of a prosthetic restoration made as a mono
crown with an integrated individual abutment.

The work has been installed and used by the patient (fig 13).

Fig 13 OPG photo immediately after installing the finished
prosthetic restoration

3. Summary

According to the Dentistry 4.0 concept, advanced technology
allows for a radical change in planning implantological and implant
prosthetic treatments. It also enables effective and quick treatment
of patients with unusual bone and anatomical conditions for
effective implant treatment. Without this technology, the patients in
the study would be disqualified for implantation, or the procedure
would be burdened with an unacceptable risk of failure. Thanks to
the use of surgical templates, not only was the procedure successful,
but the procedure was short, and the procedure itself was performed
minimally invasively. In addition, patients gain a prosthetic
restoration that can be easily serviced. Care was also taken to ensure
the correct emergence of the prosthetic crown from the gum.
Despite the unusual anatomical conditions, the implants are loaded
with occlusal forces along their axis, which is desirable.

Dentistry 4.0, therefore, enables a radical increase in the
availability of implantological solutions for patients with difficult
bone conditions, ensuring maximum usability of the prosthetic work
performed.
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Synthesis and characterization of graphitic carbon foam for different applications

Assoc. Prof . 1.Stoycheva®, PhD B. Petroval, Prof. B. Tsyntsarskil, Assistant K. Marinova!, Assistant P. Petrov %, Assistant D. Kaynarov,
Prof . N Petrov?, Prof . P. Dolashka®,
Institute of Organic Chemistry with Centre of Phytochemistry - Bulgarian Academy of Sciences, Bulgaria®

Abstract: Carbon foam has unique properties due to the three-dimensional graphite-like microstructure of the ligaments that form pores.
The possibilities for the application of carbon foam with different characteristics are enormous: space technology - antenna systems, devices
based on composites, optical equipment, rocket engines, thermal protection; energy - electrodes for batteries, fuel cells, rods for nuclear
reactors; military industry - ultralight armored vests, heat exchangers, "invisible" ammunition; automotive industry - shock absorbers,
catalytic converters; construction - abrasives, anti-acoustic fields, filters, fire insulation, thermal insulation, safes; medicine - artificial
prostheses and dental implants. In addition, the porous structure of carbon foam enables very good absorption of waves from the microwave
region, which makes it material with promising anti-radar properties. The first published synthesis of carbon foam was based on thermo-
reactive organic polymers. Later, carbon foam was obtained from coal and petroleum pitch, mesophase pitch from naphthalene polyamide,
polyurethane, biomass - melanin, cork, olive stones, etc. Industrial coal pitches modified with inorganic acids and pitches obtained by the
pyrolytic treatment of plant materials were found to have suitable physicochemical properties for application in the production of high-tech
carbon materials. Usually pitches based on liquid products of coal processing need pretreatment before the foaming process, in order to
obtain a precursor which passes into a plastic state upon heating, as well as with sufficiently high viscosity, which allows the formation of
bubbles in the reaction mixture. The carbon foam obtained from the pitches modified in this way is characterized by disordered porous
structure and high mechanical strength, and relatively low pressure is used during its preparation. A new method was developed that
ensures the production of carbon foam with a regulated structure, high mechanical strength and, most important, without the use of pressure
during pore formation and without a stabilization stage. As precursors, mixtures of coal pitch with substances (furfural) with high reactivity
and a tendency to polymerization were used, which through appropriate thermochemical treatment can acquire the necessary properties for
the formation of more uniform porous structure. Carbon foam was characterized by SEM, X-ray structural analysis, N2 physisorption,
physical tests, etc. The carbon foam obtained by the new method is distinguished by high mechanical properties and well developed porous
structure.

1. Introduction _ ) ) _

Carbon foam has unique properties due to the three- a) SEM images of samples obtained from mixtures of coal tar pitch
dimensional graphite-like microstructure of the ligaments that form ~ and furfural
pores. The possibilities for the application of the carbon foam with —~
different characteristics are enormous: space technology - antenna
systems, devices based on composites, optical equipment, rocket
engines, thermal protection; energy - electrodes for batteries, fuel
cells, rods for nuclear reactors; military industry - ultralight armored
vests, heat exchangers, "invisible" ammunition; automotive industry
- shock absorbers, catalytic converters; construction - abrasives,
anti-acoustic fields, filters, fire insulation, thermal insulation, safes;
medicine - artificial prostheses and dental implants. In addition, the
porous structure of carbon foam enables good absorption of waves
from the microwave region, which makes it a material with
promising anti-radar properties.

2. Problem discussion

The first synthesis of carbon foam was based on
thermoreactive organic polymers. Later, carbon foam was obtained
from coal and petroleum pitch, mesophase pitch from naphthalene
polyamide, polyurethane, biomass - melanin, cork, olive pits, etc.
Industrial coal pitches modified with inorganic acids and pitches
obtained by the pyrolytic treatment of plant materials were found to
have suitable physicochemical properties for application in the
production of high-tech carbon materials.

3. Objective and research methodologies

In most cases, pitches based on liquid products of coal
processing need pretreatment before the foaming process, the aim
being to obtain a precursor which, when heated, passes into a plastic
state with a sufficiently high viscosity, which allows the formation
of bubbles in the reaction mixture . The carbon foam obtained from
the pecks modified in this way is characterized by a disordered
porous structure and high mechanical strength, and relatively low
pressure is used in its preparation. A new method was developed
that ensures the production of carbon foam with a regulated
structure, high mechanical strength and, most importantly, without
the use of pressure during pore formation and without a stabilization
stage. As precursors, mixtures of coal pitch with substances
(furfural) with high reactivity and a tendency to polymerization
were used, which through appropriate thermochemical treatment
can acquire the necessary properties for the formation of a more
uniform porous structure.
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b) Scheme carbon foam synthesis

Carbon foam synthesis
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c) X-ray diffraction patterns of obtained foam.

2000

1000

Intestity, a.u.

108

d) N, sorption isotherm activated carbon foam sample at -196 C.
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3. Conclusion

The obtained results show that the chosen novel approach for
increasing the content of micro and mesopores of the carbon foam
samples synthesized by the new method is successful. Activation
with water vapor at a high temperature leads to a significant
increase in surface area and pore volume, especially micropore
volume. The reason for this is the relatively high reactivity of the
samples obtained by treatment of the raw material with acid and
subsequent carbonization up to 600°C.

High compressive strength materials was synthesized after heat
treatment up to 1000°C.

The high surface area and well developed porous structure,
containing all types of pores will significantly expand the range of
possibilities for application of synthesized carbon foam as
construction material, purification equipment and medicine.

Standard Polymer
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Investigation of the porous texture of new carbon materials obtained from different raw
materials and treatment conditions by Porosimeter Autosorb iQ-MP (1 STAT.) VITON
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Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Abstract: Classification of pores is one of the basic requisites of comprehensive characterization of porous carbon materials. The relative
performance of different porous carbon material are highly dependent on its the internal pore structure. For better understanding of
physical process, taking place within a porous medium, it is necessary to fully characterize the porous texture of porous materials like pore
volume, pore size distribution, the size of the specific surface area etc. To evaluate the porous texture of porous carbon materials obtained in
the laboratory, it was investigated by the amount of adsorbed nitrogen at 77 K. Analyzes were performed on an Autosorb iQ-MP VITON,
Guantachrome instrument. The results obtained for pore volume, pore size distribution, the size of the specific surface area of porous
carbons and carbon foam samples obtained from different raw materials and treatment conditions are presented. Based on the obtained
results, a preliminary assessment of the possibilities for their application was made.

KEYWORDS: POROUS CARBON MATERIALS, CARBON FOAM, CLASSIFICATION OF PORES

basis of the liquid products of the treatment were analyzed.
Some of the results obtained are presented.

[ graphiisotherm: Linear: A- TWt-13.qps

1. Introduction

Classification of pores is one of the basic requisites of
comprehensive characterization of porous carbon materials. The
relative performance of different porous carbon material are highly
dependent on its the internal pore structure. For better
understanding of physical process, taking place within a porous
medium, it is necessary to fully characterize the porous texture of
porous materials like pore volume, pore size distribution, the size of
the specific surface area etc. To evaluate the porous texture of
porous carbon materials obtained in the laboratory, it was
investigated by the amount of adsorbed nitrogen at 77 K. Analyzes
were performed on an Autosorb iQ-MP VITON, Guantachrome
instrument. The results obtained for pore volume, pore size
distribution, the size of the specific surface area of porous carbons
and carbon foam samples obtained from different raw materials and
treatment conditions are presented. Based on the obtained results, a
preliminary assessment of the possibilities for their application was
made.

2. Problem discussion

The analysis of the pore texture includes the determination of the
surface area, the total volume of the pores and their size
distribution. The data obtained from this analysis are important
information for determining the applicability of the solid product — e
from the processing of organic waste/especially pyrolysis/ in i
various fields of technology, mainly purification technology, R
electrochemistry, use as a catalyst carrier, etc. This is an important - i
task that largely determines the efficiency of the processing used. In
this, the information obtained from the analysis of the porous
texture of the solid material from its heat treatment is of essential
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3. Objective and research methodologies
Various methods have been developed to obtain information on s
the porous texture of solid products from the technical treatment (
of organic waste. They are mainly based on the adsorption of om0

40 50

organic substances on their surface/nitrogen, CO,, iodine,

organic substances, etc./ and based on the information about the i, !
amount of adsorbed substance and the size of the adsorbate S o e
molecule, the surface area and porous texture of the adsorbent e —— -

are calculated/in in our case, the solid product from the thermal
treatment of organic waste/. The most used methods for
determining these and other characteristics of the solid carbon
residue from the thermal treatment of organic waste are nitrogen
physisorption at a temperature of 77K and iodine
adsorption/iodine number/. For the first method, complex
equipment has been developed, and the results it gives are
processed with complex software. As a result, accurate data are
obtained on the size of the surface of the material, the volume of
pores and their size distribution. Additionally, data can be
obtained on the course of chemical adsorption, etc.

On apparatus using nitrogen physisorption, the porous texture of
solid products from the processing of organic waste was
determined by a developed pyrolysis method under certain
conditions. Carbon adsorbents obtained as a result of the
application of this method and carbon foam synthesized on the
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Quantachrome® ASiQwin™- Automated Gas Sorption Data
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Analysis Report
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Approx. Outgas Time:S 5 hrs Final Outgas Temp.: 350 °C Extended info: Available
Analysis gas: Nitrogen Non-ideality: 6.58e-05 1Tor CellType: 6mm
Analysis Time: 8:22 hr:min Bath temp.: T7.35K
Analysis Mode: Standard VoidVol Remeasure: off
YoidVol. Mode: He Measure Cold Zone V: 532101 cc Warm Zone V- 7.74118 cc
Isotherm : Linear
Data Reduction Parameters
Thermal Transpiration: on Eff. mol. diameter (D): 354 E Eff. cell stem diam. (d): 4.0000 mm
Adsorbate model  Nitrogen Temperature 77.350K
Molec. Wi.:  28.013 Cross Section: 16.200 & Liquid Density: 0.808 g/cc
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3. Conclusion

As a result of the porous texture analysis of the solid
products obtained after thetreatment according to the developed
pyrolysis method of RDF and plant waste obtained from a waste
plant, it was determined that a large part of them have a satisfactory
porous texture and surface area. The obtained information shows
that the solid products from the processing of the organic waste
received from the plant can be successfully applied in various fields
of technology.
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Quantachrome® ASiQwin™ - Automated Gas Sorption Data

Acquisition and Reduction t
© 1994-2017, Quantachrome Instruments ([ Quantachrome
version 5.21 Uiblaaats
Analysis Report
Operator: SD Date:2023/07/10 Operator: 195336 Date:2024/06/10
Sample ID: 18M3 Filename: 18M3.gps
Sample Desc: Comment:
Sample Weight: 02736 ¢ Instrument: Autosorb iQ Station 1
Approx. Outgas Time:9 5 hrs Final Outgas Temp.: 350 °C Extended info: Available
Analysis gas: Nitrogen Non-ideality: 6.58e-05 1/Torr CellType: 6mm wio rod
Analysis Time: 35:35 hrmin Bath temp.: 7735K
Analysis Mode: Standard VoidVol Remeasure: off
VoidVol. Mode: He Measure Cold Zone V: 561941 cc Warm Zone V: 7.53659 cc
Isotherm : Linear

Data Reduction Parameters

Thermal Transpiration: on Eff. mol. diameter (D): 3.54 E Eff. cell stem diam. (d): 4.0000 mm

Adsorbate model Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 Cross Section: 16.200 g Liquid Density: 0.808 g/cc
Quantachrome® ASiQwin™ - Automated Gas Sorption Data
Acquisition and Reduction d
© 1994-2017, Quantachrome Instruments [ Quantachrome
version 5.21 Yeghdetl iR
Analysis Report
Operator: BP Date:2024/03/27 Operator: BP Date:2024/06/10
Sample ID: TW-13 Filename: TW-13.gps
Sample Desc: Comment:
Sample Weight: 0.3818¢g Instrument: Autosorb iQ Station 1
Approx. Outgas Time:9.5 hrs Final Outgas Temp.: 350 °C Extended info: Available
Analysis gas: Nitrogen Non-ideality: 6.58e-05 1/Torr CellType: 6mm w/o rod
Analysis Time: 16:44 hrmin Bath temp.: 77.35K
Analysis Mode: Standard VoidVol Remeasure: off
VoidVol. Mode: He Measure Cold Zone V: 499872 cc Warm Zone V: 7.93526 cc
Isotherm : Linear

Data Reduction Parameters

Thermal Transpiration: or Eff. mol. diameter (D): 3.54 A Eff. cell stem diam. (d): 4.0000 mm

Adsorbate model  Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 Cross Section: 16.200 A: Liquid Density: 0.808 gicc
Quantachrome® ASiQwin™ - Automated Gas Sorption Data
Acquisition and Reduction i
© 1994-2017, Quantachrome Instruments [ Quantachrome
version 5.21 YGRS
Analysis Report
Operator: BP Date:2024/03/27 Operator: BP Date:2024/06/10
Sample ID: TW-13 Filename: TW-13.gps
Sample Desc: Comment:
Sample Weight: 0.3818¢g Instrument: Autosorb iQ Station 1
Approx. Outgas Time:9.5 hrs Final Outgas Temp.: 350 °C Extended info: Available
Analysis gas: Nitrogen Non-ideality: 6.58e-05 1/Torr CellType: 6mm w/o rod
Analysis Time: 16:44 hrmin Bath temp.: 77.35K
Analysis Mode: Standard VoidVol Remeasure: off
VoidVol. Mode: He Measure Cold Zone V: 499872 cc Warm Zone V: 7.93526 cc
Isotherm : Linear

Adsorbate model

Data Reduction Parameters
Eff. mol. diameter (D): 3.54 A

Temperature 77.350K
Cross Section: 16.200 A:

Thermal Transpiration: or
Nitrogen
Molec. Wt.:

Eff. cell stem diam. (d): 4.0000 mm

28.013 Liquid Density: 0.808 gicc
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Abstract: The main sources of green energy (GE), considered as the cleanest forms of energy or types of renewable energy sources
(RES), are wind, water, sun, and earth. While the world, particularly in the most developed countries, has made significant progress in
adopting and applying the various forms of green energy (GE), in Georgia this field is in its initial stage and it is not possible to predict
when the first major positive developments will be made. This paper presents an analysis of total energy supply (TES) in Georgia for the
period 2000-2021. The value of the continuous annual growth rate (CAGR) for TES in Georgia for this period is 7.23.

Keywords: Energy, Green energy (GE), Sustainable energy (SE), Clean energy (CE), Wind energy (WE), Renewable energy (RE),

Renewable energy sources (RES), Total energy supply (TES).

1. Introduction

Energy is the capacity of a body or system to accomplish
work. There are different forms of energy, namely kinetic, potential,
thermal (also known as heat), internal, electrical, chemical, elastic
potential and many others.

Electricity, a fundamental aspect of nature, is among the most
widely utilized forms of energy. Globally, there is a growing trend
towards generating electricity from renewable energy sources
(RES) due to environmental considerations.The consumption and
production of energy worldwide are steadily increasing each year,
closely linked to the continual growth of the global human
population.Currently, the overwhelming majority of global energy
production, (exceeding 80%) comes from non-renewable sources,
leading to adverse environmental effects. To address this,
sustainable development principles advocate reducing reliance on
fossil fuels in energy production and consumption. Consequently,
there is a persistent need to substantially increase the use of
renewable energy sources (RES) in the future. This shift is
imperative due to the diminishing reserves of non-renewable energy
sources and their escalating environmental impact observed in
recent years. [38-39].

The largest portion of global energy consumption currently goes
to industry, accounting for approximately 50%. Transport follows
with approximately 25%, while households and the commercial
sector together consume the remaining 25%.China and India are
currently witnessing the most substantial growth in energy
consumption on a global scale, encompassing all forms of
energy.Among developed countries, the USA saw the largest rise in
energy consumption, while the EU experienced a decrease of
approximately 2 [%] in energy consumption.All these facts indicate
that the most effective solution to address this situation lies in
increasing the utilization of renewable energy sources (RES) and
green energy (GE). [1,5,9-10,18-19,22,24,29]. Research and studies
detail the current status and future prospects of developing and
implementing various types of green energy (GE) across different
countries worldwide [3,25-26,34-36,38,42].

Currently, many of the world's most developed countries have
significantly advanced the adoption of various forms of green
energy (GE). In Georgia, however, this field is still in its early
stages, and it is uncertain when significant progress will be
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achieved. Nevertheless, Georgian state authorities have formulated
a strategy aimed at increasing the utilization of renewable energy
sources (RES) by 2040 [12,20,33,39].

2. Classification of Natural Energy Sources

Considering the time possibility of exhaustion, natural or
primary sources (forms) of energy can be divided into (Fig. 1) [13-
15,17,28,30-32,39-42,45-46]:

1. Non-renewable energy sources (NRES):

o Fossil fuels (coal, oil, natural gas, oil shale);
Nuclear fuels;
Renewable energy sources (RES):
Water power (energy of water currents, sea currents and
waves, tides);
Biomass and biogas, including wood and waste;
Solar radiation energy;
Wind energy;
Earth’s internal heat (geothermal energy);
Tidal energy;
Wave energy.

Renewable energy (RE) is that form of energy that is renewable
(naturally replenished) and produced from sources that are
constantly renewed, meaning that this form of energy is created
from natural sources (sun, wind, rain, waves, geothermal heat and
similarly).

There are different types and categories of renewable energy
sources (RES) (Fig. 1). According to the time of creation,
renewable energy sources (RES) are divided into two main
categories:

o traditional renewable energy sources such as biomass and
energy from large hydroelectric plants and
"new renewable energy sources” such as solar energy, wind
energy, geothermal energy and the like.

In addition to renewable energy (RE), the following terms are
often used in the literature: green energy (GE), sustainable energy
(SE), and clean energy (CE). The question arises as to whether there
is a difference between GE, SE, CE, and RE, and what is the
difference.
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Fig. 1. Division of natural or of primary sources (forms) of energy, considering the time possibility of depletion

Renewable energy sources (RES) in the last thirty years (WE) generation (including both onshore and offshore wind
represent a new trend in the use and production of various forms of  sources) in [TWh] globally and by regions for the period 1965-2022
energy in all areas. [42].

The production of wind energy has been increasing significantly
over the last 20 years. Figure 2 shows the graph of wind energy

Middle East (EI)
2,000 TWh CIS (El)

Africa (El)

South and

Central America

North America
(EI)

1,500 TWh
Eurape (El)
1,000 TWh
500 Twh Asia Pacific (El)
0 TWh ‘
1965 1980 1990 2000 2010 2022
Fig. 2. Wind energy (WE) generation by regions for the period 1965-2022 [42]
3. Analysis of the Use of Energy in Georgia The analysis of wind energy utilization is shown in papers

[2,16].

The value of total energy supply (TES) in Georgia for the 2021
is 215596 [TJ].

Figure 3 shows graphical representation of the evolution of total
energy supply (TES) in Georgia for the period 2000-2021 [12].

In Figure 4 a comparative analysis of the evolution of total
energy supply (TES) in Georgia for the year 2000 and year 2021 is
shown.

The energy sector in Georgia is mainly based on hydropower
and firewood, in addition to fossil fuel imports. It is also an
important transit country for the region, with major oil and gas
pipelines passing through its territory.

Reports for the annual use of all types of energy in the world
and by regions and countries are given in the annual publication
World Energy Outlook (WEO) [43, report for 2023], published by
International Energy Agency (IEA), from Paris (France).

The analysis of the use of all types of energy in regions and
countries is presented in papers [4,6-8,11,21-22,27,37,44].
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o — Natural gas
o —Oil
— Hydro

— Biofuels and waste
- Coal
o — Wind, solar, etc.
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Fig. 3. Graphical representation of the evolution of total energy supply (TES) in Georgia for the period 2000-2021 [12]
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Table 1 shows the total energy supply (TES) in Georgia for
the years 2000 and 2021 by different forms of energy with the
calculated value for the continuous annual growth rate (CAGR)
for this period.

From Table 1 and Figures 3 and 4, it can be concluded that the
total energy supply (TES) in Georgia for the year 2021 is from
the following forms of energy: natural gas has 100930 [TJ] or

1131, 0,52%

9395, 4,36%
9849; 4,57%

36655; 17,00%

100930; 46,81%

0@ Natural gas

| oil

O Hydro

O Biofuels and waste
M Coal

57636; 26,73% I Wind, solar, etc.

b)
Fig. 4. Comparative analysis of the evolution of total energy supply (TES) in Georgia for the year 2000 (a) and the year 2021 (b)

46.81 %, nil has 57636 [TJ] or 26.73 %, hydro has 36655 [TJ] or
17.00 %, biofuels and waste has 9849 [TJ] or 4.57 %, coal has 9395
[TJ] or 4.36 % and wind, solar, etc. has 1131 [TJ] or 0.52 %,
retrospectively.

Table 1. Table representation of total energy supply (TES) in Georgia for the 2000 and 2021 by different forms of energy

Different Forms of 2000 2021 CAGR [%]
Energy Value [TJ]| [%] | Value [TJ] | [%]

Natural gas 39899 | 33.46 100930 | 46.81 4.31
Qil 30436 | 25.52 57636 26.73 2.95
Hydro 21096 | 17.69 36655 17.00 2.54
Biofuels and waste | 27014 | 22.65 9849 4.57 -4.48
Coal 564 0.47 9395 4.36 13.64
Wind, solar, etc. 249 0.21 1131 0.52 7.12
Total 119258 215596 7.23

4, Conclusion

Fossil fuels such as coal, oil or gas are a group of non-
renewable energy sources that are decreasing in number (slowly
disappearing) and also cause undesirable consequences for the
environment, and their harmful influence has become more and
more pronounced in the last few years. Whereas, renewable energy
sources (RES) and green energy (GE) will not disappear because
they are naturally renewable and at the same time do not have a
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harmful impact on the environment. Renewable energy sources
(RES) and green energy (GE) are predicted to become economically
competitive with conventional energy sources over time.

The greatest increase in total energy supply (TES), with the
largest continuous annual growth rate (CAGR), in Georgia for the
period 2000-2021 is attributed to coal (CAGR=13.64%).
Conversely, the decrease in total energy supply (TES) in Georgia
for the same period is seen in biofuels and waste (CAGR=-4.48%).
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Abstract: This paper talks about how we can use math to create better models based on actual compressor experiments. The goal? To bridge
the gap between what we see happening in real life and what we can predict, ultimately helping us optimize HVAC systems for better

performance.

Within these systems, parts like compressors, fans, and electrical components play crucial roles. Compressors, especially, are quite dynamic,

especially in heat pump setups.

However, the problem is that manufacturers usually only give real-world data on how compressors perform, without detailed models for
understanding how they work in different situations. Hopefully in this paper we will try to construct a detailed model in order to be able to
evaluate a HVAC system without the necessity of real-world data. Also, we will evaluate two different mathematical models, two dimensional

interpolation and approximation in order to see who perform better.

Keywords: Math modeling, HVAC optimization, Real-world data, Heat pump setups, System evaluation, interpolation, approximation

1. Introduction
Lagrange interpolation

In the realm of numerical analysis and computational
engineering, the quest for accurate representations of complex
systems often relies on sophisticated mathematical techniques.
Among these, interpolation stands as a cornerstone method, offering
a means to approximate unknown functions based on limited data
points. While one-dimensional interpolation methods have seen
extensive application, the extension to higher dimensions presents a
formidable challenge, particularly in scenarios where precise
modeling is imperative.

This paper delves into the realm of two-dimensional Lagrange
interpolation, a powerful tool in the arsenal of computational
modeling, specifically tailored to address the intricacies of
multidimensional data. Building upon the foundational principles of
Lagrange interpolation, which elegantly constructs polynomials to
fit given data points, this study explores its application in the
context of compressor experiments within HVAC systems.

The motivation behind this endeavor stems from the inherent
complexities of HVAC systems, where optimal performance hinges
on a nuanced understanding of component interactions and dynamic
behaviors. In particular, the compressor, a pivotal element within
these systems, exhibits intricate dynamics, especially in the context
of heat pump configurations. However, a persistent challenge lies in
the scarcity of comprehensive models capable of accurately
capturing the compressor's behavior across varying operational
conditions.

Through the lens of two-dimensional Lagrange interpolation,
this paper endeavors to bridge this gap by offering a systematic
approach to constructing detailed models that transcend the
limitations of conventional manufacturer-provided data. By
harnessing the power of mathematical interpolation, we aim to
empower HVAC system designers and engineers with tools capable
of evaluating and optimizing system performance, without solely
relying on exhaustive real-world experimentation.

In the subsequent sections, we delve into the theoretical
underpinnings of two-dimensional Lagrange interpolation,
elucidating its principles and methodologies. Through illustrative
examples and practical applications within the realm of HVAC
system optimization, we demonstrate the efficacy and versatility of
this approach. Ultimately, this endeavor seeks to not only enhance
our understanding of complex systems but also pave the way
towards more efficient and sustainable engineering practices.

For a single variable, the Lagrange polynomial (x) that
interpolates the points (xi,) is given by:
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Quadratic approximation

In the pursuit of enhancing the efficiency and efficacy of
Heating, Ventilation, and Air Conditioning (HVAC) systems, the
integration of precise mathematical models is paramount. These
models serve as fundamental tools in bridging the divide between
real-world observations and predictive capabilities, facilitating the
optimization of HVAC systems for superior performance. Among
the critical components within these systems, compressors stand as
dynamic entities, particularly pivotal in heat pump configurations.

Despite the ubiquitous use of compressors in HVAC systems, a
notable challenge persists: the absence of comprehensive models
that accurately capture their behavior across diverse operational
scenarios. Manufacturers typically furnish real-world performance
data, yet these datasets often lack the granularity necessary for a
nuanced understanding of compressor dynamics in varied
conditions. Consequently, the reliance on empirical data poses
limitations on system evaluation and optimization, hindering the
attainment of optimal performance levels.

To address this gap, this paper proposes a novel approach
centered on two-dimensional quadratic approximation. By
leveraging mathematical methodologies, specifically tailored to the
complexities of compressor behavior, we aim to construct detailed
models capable of extrapolating compressor performance across a
spectrum of operating parameters. This endeavor seeks to empower
HVAC engineers and practitioners with robust analytical tools,
enabling them to evaluate and optimize systems without sole
dependency on empirical data.[1]

In this paper, we delve into the theoretical underpinnings of
two-dimensional  quadratic  approximation, elucidating its
applicability in capturing the intricacies of compressor dynamics.
Through a systematic exploration of its implementation within
HVAC contexts, we endeavor to demonstrate its efficacy as a
means of enhancing system performance and efficiency. By
fostering a deeper understanding of compressor behavior through
mathematical modeling, we aspire to catalyze advancements in
HVAC technology, fostering a paradigm shift towards data-driven
optimization strategies.

2. Methodology

Lagrange multivariable interpolation [2]

For a single variable, the Lagrange polynomial (x) that
interpolates the points (xi,) is given by:
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Where L;(x) are the Lagrange basis polynomials defined as:
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Extending to two dimensions:

For two variables, f{x, y), the interpolation polynomial P{x, v)
in constructed similary. Given a set of points (x;,;, f:) where
fi= f{:{:xi,}-'i) the polynomial is:

Plx,y) = o Zio fisLi(x)M; (v)

Where Lf{_x) and M;(y) are the Lagrange basis polynomials for
x and y respectively.

Lagrange basis Polynomials in two dimensions:

The basis polynomials L; and M;{y) are constructed as:

L:{x) = Hk:iﬂ =k=n i
xp—x}

MA(v)=Tl,-.0=1= rom

M;(y) =11, m p—

The error in multivariable Lagrange interpolation depends on
the distribution of the interpolation points and the smoothness of the
function f. The error term for two variables can be expressed as:

:lz+l}c am+l}c

E(x) =flx,y) —Plx,¥) =

Where £, and £, are points within the interpolation range.

Multivariable approximation using the least square method

The least square method is a mathematical technique used to
find the best-fitting curve to a given set of data points by
minimizing the sum of squares of the differences between the
observed and estimated values. When dealing with multiple
variables, this method is referred to as Multivariable Least square
Approximation. [3,4]

Consider a dataset with n observations and p independent
variables. The model can be represented as:

¥i=PFo +Fixp +Faxppt o+ Bpxiy g
Where y; is the dependent variable, x;; are the independent

variables, §; are the coefficients to be estimated, and «; is the error
term.

The equations can be written in matrix form as:
yv=Xf+e¢
Where:
e yisann * 1 vector of the dependent variable.
e Xisann=(p + 1) matrix of independent
variables (including a column of ones for the
intercept term).
e fRisal=(p+ 1) vector of coefficients.
e cisann * 1 vector of errors

Normal equations:

etk ,m{.f})]_[ (x— x)l_[

The least squares solution minimizes the sum of the squared
residuals:

n

5(6) = Z & =(y—XB)T(r—XB)

i=1

To find the minimum, we take the derivate of 5 with respect to
/7 and set it to zero, resulting in the normal equations:

XTXB=XTy
Provided XTX is invertible, the solution is:
B =(XTX)XTy

This provides the estimated coefficientsg, which can be used to
predict the dependent variable.

The estimated coefficients £; represent the change in the
dependent variable for a one-unit change in the corresponding
variable, holding all other variables constant.

Experimental Setup

In order to conduct our experiment we take in account a
compressor with the parameters as listed below:

Our compressor rating condition are:
e 35 °C Return gas temperature
8 3 Subcooling

35 ‘5C Ambient temperature
30 rps- compressor frequency

Cooling capacity (W)

Evaporating temperature (°C)

25 (20 |15 |0 (S5 [0 |5 |10
60 761|937 | 1141 | 1376
50 717|889 | 1088 | 1319 | 1584
40 1519 | 659 | 822 | 1013 | 1235 | 1491 | 1785
30 {595 |74 | 924 | 1133 | 1376 | 1657 | 1979
20 670 832 1023 | 1249 | 1512

Condensing
temperature (°C)

The data shown on the table 1 & 2, are data that have been
acquired in the laboratory. Now in order make the interpolation and
the approximation of the 2-dimensional data we use the Matlab

app.[5,6,7]
During the interpolation method of the Lagrange 2-dim we get:
Linear model Poly22:

f(x,y) = p00 + pl0*x + pOl*y + p20*x"2 + pll*x*y +
p02*y"2

where x is normalized by mean 38.57 and std 13.25
and where y is normalized by mean -8.929 and std 9.56

Coefficients (with 95% confidence bounds):

po0= 1075 (1069, 1081)
plo= -172.4 (-176,-168.8)
pOl= 4141 (4104, 417.8)

p20=  -3.788 (-7.822, 0.2449)
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pll =
p02 =

-56.02 (-61.15, -50.9)
61.1 (57.16, 65.05)

Goodness of fit:
SSE: 1.4e+06
R-square: 0.9997
Adjusted R-square: 0.9996
RMSE: 252.2

Figure 1. Two-dimensional interpolation using Lagrange
interpolation

Now we will make the 2-dimensional approximation in order to
approximate the data from table 1 & 2.

Linear model Poly33:

f(x,y) = p00 + pl0*x + pOl*y + p20*x"2 + pll*x*y +
pO2*y"2 + p30*x"3 + p21*x"2*y

+ pl2*x*y~2 + p03*y"3
where X is normalized by mean 38.57 and std 13.25
and where y is normalized by mean -8.929 and std 9.56

Coefficients (with 95% confidence bounds):

p00= 1076 (1076, 1076)
pl0= -166.9 (-167.2, -166.6)
p0l= 4119 (411.6,412.2)
p20=  -3.749 (-3.876, -3.623)
pll=  -52.48 (-52.65, -52.32)
p02 = 58.74 (58.62, 58.87)
p30 = 0.08966 (-0.05532, 0.2346)
p2l=  -1.804 (-2.022, -1.585)
pl2= -8.027 (-8.234,-7.82)
p03=  4.107 (3.981, 4.233)

Goodness of fit:

SSE: 840.7
R-square: 1

Adjusted R-square: 1
RMSE: 6.834
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Figure 2. Approximation of 2-dimensional data

Conclusion

From the results above, we can see that both polynomial
interpolation and cubic polynomial approximation yield outputs for
the gas compressor that are very similar to the data obtained from
the laboratory. Both methods converge to the real-time data from
the laboratory, though this case consists only of the cooling data
output of the gas Compressor.
The results are very promising, indicating that we can now use these
two methods to define the output data, eliminating the need to
retrieve data from the laboratory. While Lagrange interpolation
performs slightly better than cubic approximation, the difference is
not significant.
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Abstract: Laser ablation in liquid is an eco-friendly and efficient method to produce nanomaterials with interesting properties in a
laboratory scale. Previously reported ZnO nanoparticles, obtained by nanosecond and millisecond pulsed laser under various laser
parameters, demonstrated photocatalytic, gas-sensing, and antibacterial activity. Here we explore the possibility for laser ablation of Zn
metal plate in natural zeolite suspension and isolation of a composite ZnO-Zeo. It was characterized by UV-vis, XPS and SEM methods. The
characteristic UV-vis peak for ZnO nanoparticles was observed at 340 nm, which is associated with small particles size, proven by SEM
images to be 30-50 nm. The spherical ZnO particles are located on the zeolite surface. It was found that the attraction forces between both
phases cause a shift in Zn 2p XPS peak positions which were determined at 1022.0 eV and 1045.1 eV for 2ps, and 2p,, levels, respectively.
The approach for laser ablation in suspension could open avenue for simultaneous formation and incorporation of various nanoparticles

into different supports.

Keywords: LASER ABLATION IN LIQUID, ZnO NANOPARTICLES, ZEOLITES, NANOCOMPOSITES.

1. Introduction

Laser ablation in liquid (LAL) is a versatile method for
preparation of various types of colloidal nanoparticles such as
monometallic and bimetallic nanoparticles, metal oxides, metal
sulfides and carbides. Laser irradiation of inert metals leads to break
down of large pieces of material into smaller ones giving diverse
metallic nanostructures, while reactive metals undergo laser-
induced chemical reactions that take place in a limited zone near the
laser beam, producing metal oxides by oxidation of metals in
aqueous solution or causing formation of metal sulfides, carbides,
chlorides in organic solvents [1-5]. The changes in laser parameters
permit to tune the morphology and structure of the material, size
and size-distribution of the nanoparticles and thus to alter the
properties of laser-assisted nanomaterials. It is worth mentioning
that this technique is convenient, easy-to-do and cost-effective
approach to fabricate from nanoparticles to functionalized
nanocomposites, which are needed for development of recent
nanotechnology. Another advantage of this method comes from the
environmental point of view, as it is an environmentally friendly
approach. It uses small amounts of solvents and reagents to produce
neat nanoparticles without formation of side products and chemical
waste. The above-mentioned characteristics render the method
among innovative and efficient methodologies for fabrication of
materials with unique properties [6-7].

ZnO is well-known for its antibacterial, photocatalytic,
photovoltaic and sensing properties that strongly depend on its
morphology, crystallinity, surface area, size and dimensions of
nanoparticles. According to the synthetic method and reaction
conditions, these parameters may vary in wide ranges and thus
allowing to produce ZnO for various applications. Among many
methods such as precipitation [8], sol-gel [9], hydrothermal [10],
ZnO can be produced by LAL applying femtosecond, nanosecond
or millisecond pulsed lasers with specific wavelengths [11-23]. For
example, infrared femtosecond laser ablation was applied to tune
ZnO band gap by doping with Mg?* ions and formation of structure
defects within the nanoparticles [18]. In another case, laser ablation
of Zn in NH4NO; solution provided N-doping of ZnO [19].
Dorranian et al. demonstrated that the size of ZnO NPs produced by
532-nm-wavelength nanosecond laser is smaller than that of
nanoparticles formed by 1064-nm laser, which also affected the
photoluminescence properties of the studied particles [15]. Abbas et
al. used LAL-synthesized ZnO NPs for further hydrothermal
treatment to improve surface area and defects density that enhance
the photocatalytic activity of ZnO [17]. ZnO nanospheres and ZnO
nanorods were prepared via the laser ablation of a Zn plate in water
using nanosecond- and millisecond-pulsed lasers, respectively. The
ZnO nanorods showed better photocatalytic performance towards
dye degradation than their spherically shaped counterparts [23].
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When ZnO nanoparticles are used as photocatalyst, their
separation from the reaction mixture could be a problematic,
especially in large-scale systems. To avoid such difficulties, ZnO
can be immobilized onto a support which would allow easier
recovery of the nanocomposite. At the same time, often synergetic
effect of photocatalytic action of nanocomposite is observed,
resulting from adsorption of target molecules on the support and
getting it in close contact with photocatalyst’s surface. Zeolites are
suitable candidates, as they have chemically and thermally stable
and porous structure which is an ideal template for formation,
growth and immobilization of nanoparticles on it. Zeolites are
microporous crystalline aluminosilicates, consisting of SiO, and
AlOQ, tetrahedrons connected in a network via oxygen bridges. The
presence of AI** ions make the framework with a negative charge
that is compensated by exchangeable ions, such as Na*, K*, Ca*",
Mg?", etc. This structure determines the exceptional ion-exchange
properties of zeolites and their specific application in water
treatment, catalysis and many other areas [24]. Shaw et al. alter the
adsorption capacity of a zeolite by growth of porous layer of ZnO
nanoflakes on the zeolite surface and ensure effective and rapid
removal of heavy metal ions and organics [25]. Impregnation of
ZnO in three types of zeolites was proposed as heterogeneous
photocatalysis in [26].

This paper describes the preparation of nanocomposite ZnO-
zeolite through laser ablation of zinc metal plate in suspension of
zeolite by using second-harmonic laser with nanosecond pulse
width and pulse energy of 51 mJ/pulse. The obtained colloid was
characterized by SEM, XPS and UV-vis spectroscopy. Thus, the
work demonstrates the application of LAL for nanocomposites
fabrication, while keeping the structure of zeolite support
unchanged.

2. Experimental

2.1. Materials

A natural zeolite from East Rhodopes mountain in Bulgaria was
used. The raw material was milled and fractioned, washed several
times, dried and analyzed. The XRD analysis showed that it mainly
consists of clinoptilolite (76%) [27]. The Na-modified form of
zeolite was prepared by ion-exchange with Na* ions from 2M
solution of NaCl, then the solid was separated, washed, dried and
used further for preparation of nanocomposites. A Zinc plate with
2-mm thickness and 99.5% purity of the metal, was degreased in
organic solvents and washed twice with deionized water via
sonication, and then used for ablation.

2.2. Method

The ablation procedure was carried out by using Nd:YAG laser
with a wavelength of 532 nm, in a quartz cuvette with dimensions
of 30 mm x 30 mm x 50 mm, and a wall thickness of 2 mm. The
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liquid medium was prepared from 50 mg Na-modified zeolite and
20 cm® deionized water, dispersed in an ultrasonic bath for 360 s.
Then, Zn metal plate was immersed in the suspension in vertical
position and fixed on the quartz wall of the cuvette. The reaction
mixture was agitated by a magnetic stirrer during the experiment,
the laser beam was focused on the target and the ablation lasted for
45 min. The laser parameters used were as follows: a pulse energy
of 51 mJ/pulse, a pulse width of 7 ns, and a repetition rate of 10 Hz.
The obtained colloid was centrifuged, nanocomposite was separated
from supernatant and prepared for characterization by UV-vis
spectroscopy, Scanning Electron Microscopy (SEM) and X-ray
Photoelectron Spectroscopy (XPS). The sample is denoted as ZnO-
Zeo. For comparison, the same procedure was applied for
preparation of ZnO NPs by laser ablation of Zn plate in neat,
deionized water.

3. Results and discussion

The nanocomposite ZnO-Zeo was prepared by laser ablation of
zinc metal plate in the presence of zeolite dispersed in deionized
water. During laser irradiation tiny zinc droplets and zinc ions react
with water at extremely high temperatures, attained from the
second-harmonic laser, to give ZnO nanoparticles. Their formation
was proven by UV-vis spectrum of supernatant isolated from the
freshly prepared colloid, shown in Fig. 1. The peak at 340 nm is
typical for absorption of ZnO nanoparticles that originated from an
electron transition from the valence band to the conduction band of
the semiconductor [11, 23]. The absorption band of nanosecond-
laser-produced ZnO NPs was detected at 365 nm in [23] which is
associated with bigger size nanoparticles than that in this composite.
Kim et al. found size- and shape-dependance to wavelengths of the
laser, when ablated Zn plate in neat water [16]. The absorbance
below 300 nm arises from the zeolite framework.

Absorbance, a.u.

T T T
500 600 700

Wavelength, nm

T
400

T
300

200 800

Fig. 1. UV-vis spectrum of as-prepared suspension.

The morphology of the nanocomposite was observed by SEM
and displayed in Fig. 2. It can be seen that ZnO NPs with an
average size of 30-50 nm are located on the zeolite surface. Like
neat ZnO NPs, produced for purpose of comparison, the shape of
particles is spherical, which was also observed for other ZnO NPs
produced by nanosecond laser [12-16]. The size of ZnO NPs
prepared in water (without zeolite) varies in the range 50 — 200 nm,
which is bigger than that of nanoparticles obtained in zeolite
suspension. It could be explained by the presence of zeolite in
ablation medium. Most probably zeolite, that occurs in the aqueous
suspension during the zinc-metal ablation, gains part of the
irradiation energy and thus affects nucleation and growth of ZnO
NPs in the sample ZnO-Zeo. Kulinich et al. ablated Zn plate with a
second harmonic pulse laser with fluence of 30 mJ/pulse at ambient
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pressure and prepared NPs with broad particle size distribution up
to 100 nm. They found that the pressurized water medium resulted
in smaller particles (< 20 nm) and narrow size distribution [13].
Change of laser wavelength to 1064 nm and increasing of pulse
energy to 120 mJ/pulse gave ZnO NPs in the range 10 — 90 nm [23].
Therefore, the size, dispersity, band gap, defects of ZnO strongly
depend on the laser parameters, time and medium used.

Fig. 2. SEM images in the sample ZnO-Zeo at different magnifications.

The surface chemistry of nanocomposite was studied by XPS
analysis. Figure 3 shows Zn 2p XPS spectrum of ZnO-Zeo sample,
that consists of doublet at 1022.0 eV and 1045.1 eV for 2ps, and
2py, levels, respectively. For comparison, the XPS spectrum of ZnO
NPs, synthesized herein at the same laser conditions, was also
measured. The 2ps;, and 2p,,,, peak positions are observed at 1021.4
eV and 1044.5 eV, respectively. Similar positions (1021.5 + 0.1 eV
and 1044.6 + 0.1 eV) were reported for other ZnO NPs prepared by
laser ablation in neat water [23]. The slight shift of the signals for
ZnO-Zeo can be attributed to the interactions between ZnO NPs and
zeolite framework in the sample ZnO-Zeo.

O1s XPS peak for ZnO-Zeo sample was detected at 532.3 eV
(Fig. 4) and assigned to oxygen atom from zeolite network, while a
signal for oxide ion from ZnO was not observed due to low
abundance of ZnO-nanoparticles onto zeolite surface. As a matter of
fact, the Ols signal for ZnO NPs, prepared in neat water, was
registered at 530.2 eV with a shoulder at 532.0 eV raised from O%
in ZnO lattice and hydroxyl groups on the oxide surface,
respectively. Other authors also reported similar peak positions for
pure ZnO [23, 28, 29].

1022.0eV
2ps;

1045.1eV

1030 1040
Binding energy, eV

1010 1020 1050 1060

Fig. 3. Zn 2p XPS spectrum of the sample ZnO-Zeo.
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525 535
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Fig. 4. O1s XPS spectrum of the sample ZnO-Zeo.

4. Conclusions

We applied the method of laser ablation in liquid and prepared
nanocomposite ZnO-Zeo. Although part of the laser energy was
absorbed by the zeolite in the reaction mixture, the ablation of Zn
plate by focused laser beam led to formation of ZnO nanoparticles
that were deposited on the zeolite surface. The SEM images of
Zn0O-Zeo and ZnO samples revealed that the size of the ZnO NPs
on zeolite is smaller than that of neat ZnO nanoparticles. The
adsorption and photocatalytic properties of the nanocomposite will
be analyzed in our future work.
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