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INTRODUCTION

Departments of Mechanical engineering at Technical Faculty "Mihajlo Pupin®, Zrenjanin, organized
seven international conferences «Industrial Engineering and Environmental Protection - 11ZS».

Since 2017, Department of Industrial engineering in exploitation of oil and gas has been joined to the
Conference organization, and since 2018, Department of Environmental protection has been joined for
the first time.

Industrial engineering is a field of technique, which includes the processes and procedures, plants,
machinery and equipment used in manufacturing final products in different industries. The task of
industrial engineers is that on the basis of theoretical and practical knowledge, solve specific problems
in engineering practice, and the development of technology in the field of industrial production
process.

The theme of scientific conference «I1ZS 2018», covers the fields of Industrial engineering and
Environmental protection, which are defined in the program of the conference, such as: Mechanical
engineering, Energetics and process technique, Designing and maintenance, Oil and gas engineering,
Health and environmental protection, Environmental management, Occupational safety.

The main goals of the conference can be identified here: innovation and expansion of knowledge
engineers in industry and environmental protection; support to researchers in presenting the actual
results of research projects, establishing new contacts with leading national and international
institutions and universities; popularization of the faculty and its leading role in our society and the
immediate environment, in order to attract quality young population for studying at our faculty,
cooperation with other organizations, public companies and industry; initiative for collecting ideas in
solving specific practical problems; interconnection and business contacts; introducing professional
and business organizations with results of scientific and technical research; presentation of scientific
knowledge and exchange of experiences in the field of industrial engineering.

We express gratitude to:

e The partners of the conference — ,,Aurel Vlaicu” University of Arad, Faculty of engineering,
Arad, Romania; University «St. Kliment Ohridski«, Technical faculty, Bitola, Macedonia;
University Politehnica Timisoara, Faculty of engineering, Hunedoara, Romania; University of
East Sarajevo, Faculty of mechanical engineering East Sarajevo, B&H, Republic of Srpska;
University of Giresun, Faculty of engineering, Giresun, Turkey.

e The management of Technical Faculty «Mihajlo Pupin», University of Novi Sad,

for supporting the organization of the conference «I1ZS 2018». We are also grateful to all the authors
who have contributed with their works to the organization of the scientific meeting «I11ZS 2018».

We would like our Conference to become a traditional meeting of researchers, every year. We are
open and thankful for all useful suggestions which could contribute that the next, International
Conference - Industrial Engineering and Environmental Protection, become better in organizational
and program sense.

President of the Organizing Committee
Prof. Ph.D Slavica Prvulovié

Zrenjanin, 11 - 121" October 2018.



Conference participants are from the following countries:
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ANTAGONISTIC ACTIVITY BETWEEN RHIZOBACTERIA AND
PHYTOPATHOGENIC FUNGI UNDER ECOLOGICAL FACTORS

) Hosam E.A.F. Bayoumi Hamuda
Obuda University, Environmental Engineering Institute, Budapest, Hungary
e-mail: bayoumi.hosam@rkk.uni-obuda.hu

Abstract: The objective of the present work is to show the ability of different plant root colonizing bacteria
isolated from wastewater sludge treated soil to antagonise some phytopathogenic fungi under different ecological
factors such as NaCl, CdCly, ZnCl,, pH 8.3 and 35°C incubation temperature. All antagonists assigned to show
different patterns of antagonistic activity against different phytopathogens like Alternaria sp., Fusarium
oxysporum, F. solani, Pythium sp., Rhizoctonia solani and Sclerotinia sp. Application of Pseudomonas,
Burkholderia cepacia, Enterobacter sp. and Bacillus cells showed a significant reduction in the growth of
phytopathogens in vitro experiments. However, P. fluorescens strongly inhibited the growth of phytopathogens
more than the action of other antagonists due to production rates of allelochemicals that include metabolites,
siderophores, antibiotics, volatile metabolites, cyanide and hydrolytic enzymes. This study will help to optimize
the application strategies of P. fluorescens, Burkholderia cepacia and B. subtilis as biocontrolling agents or their
metabolites as biopesticides. Finally, biocontrolling is an alternative, environmentally friendly and relatively
cost-effective to conventional biological soil treatment technique.

Key words: Biocontrol agent, PGPR, Phytopathogens, Ecological factors, Hydrolytic enzymes
INTRODUCTION

Increasing the global human population needs more food and the world population will rise to about
9.5 billion by 2050. Implementing safe and environmental friendly technology would be viable
solution for achieving sustainable restoration of degraded soils. Worldwide, phytopathogenic fungi
constitute a big problem because they affect a large number of crop species of economic importance
causing multiple damages and diseases in agroecosystems.

Plant diseases cause economic losses by reducing crop production and contaminating plant crops with
chemical toxicants. Disease is a dynamic interaction between a pathogen, a host and the environment,
which causes physiological and morphological abnormal changes in the host. Therefore, disease is not
a property of the host, but a product of the interrelationship of host and pathogen under a specific
environment. The endless variety and complexity of the many diseases of plants caused by fungi have
led to develop of large new fungicides; unfortunately several phytopathogens have developed
resistance to certain fungicides for e.g., resistant to benomyl. Success rate of microbial inoculation
under field conditions depends on their antagonistic or synergistic interaction with indigenous
microbiotas or their inoculation with organic fertilizers [1].

Allelochemistry is the science of the production and release of toxic chemicals produced by one
species that affect a receiving sensitive species, has been the subject of diverse groups of scientific
community. Allelopathy defined as chemically elicited interactions between plants or pathogens is
mediated by secondary metabolites type of compounds [2]. Allelopathy involves the synthesis of
bioactive compounds known as “allelochemicals” which play a vital role as natural pesticides and can
resolve problems like pest biotypes, health defects, soil and environment pollution resulting in climate
change caused by the indiscriminate use of synthetic agrochemicals [3]. The allelopathic effect is
highly dependent on environmental conditions such as water, nutrition, bacterial density, soil structure,
and texture [4]. Biocontrol is a desirable technique for controlling pathogens, due to its minimal
environmental impact and preventing the development of resistance in vectors. Biocontrol has been
defined a number of times. A recent definition by Eilenberg et al. [5] is the use of living organisms to
suppress the population density or impact of a specific pest organism, making it less abundant or less
damaging than it would otherwise be. Biocontrol can be divided into four complementary strategies:
classical, inoculation, inundation and conservation.

Rhizobacteria are the most widely studied as plant growth-promoting bacteria, associated with plant
rhizosphere and are present in all agroecosystems. Antagonistic rhizobacteria are considered as
biological control [biocontrol] agents because of the rapid growth, easy handling, and aggressive


mailto:bayoumi.hosam@rkk.uni-obuda.hu

VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

colonization of the rhizosphere. The use of Plant growth promoting rhizobacteria (PGPR) as
biocontrol agents of soil borne phytopathogens is an alternative or complementary strategy to physical
and chemical disease management have been investigated for over a century.

PGPR support plant growth by improving growth restricting conditions via production of antibiotics;
depletion of iron from the rhizosphere; production of fungal cell wall lysing enzymes B-(1,3)-
glucanase and chitinase; synthesis of antifungal metabolites such as cyanide; competition for infection
sites on roots; induction of systemic resistance [6]. PGPR include Gram-positive bacterial taxa that
include e.g., B. subtilis and Gram-negative bacteria like fluorescent and non-fluorescent
pseudomonads as well as different members of the family Enterobacteriaceae e.g., Enterobacter. In
particular, strains of Pseudomonas, Stenotrophomonas, and Bacillus have been successfully used to
control phytopathogens and increase plant growth [7]. The fungal antagonists Pseudomonas stutzeri,
B. subtilis, B. amyloliquefaciens, and S. maltophilia have been shown to be effective biocontrol agents
in prior studies [8, 9, 10].

Various Pseudomonas species produce several metabolites with antimicrobial activity towards other
bacteria and fungi. Indeed, the first clear-cut experimental demonstration that a bacteria-produced
antibiotic could suppress plant disease in an ecosystem was made by Thomashow & Weller [11].

The objectives of this study were to identify and characterize PGPR indigenous and to evaluate their
ability to suppress the growth of some phytopathogenic fungi. The role of PGPR in adaptation of
plants in extreme environments is not yet completely understood. For this reason, isolation of native
rhizobacteria was done from rhizospheric soils treated with 30% wastewater sludge and evaluation of
their antagonistic potential against different phytopathogenic fungi under different ecological
conditions such as temperature, pH, alkaline and heavy metal ions was investigated.

MATERIAL AND METHODS

Rhizospheres of two commercial cultivars of sunflower and maize were grown under nursery
conditions for 5 weeks were used to isolate the following rhizomicrobial strains and study their
antagonistic potential. The soil type of the rhizosphere was sandy brown forest soil (G6dollo,
Hungary) treated with 30% wastewater sludge (originated from Nyiregyhaza, Hungary). The plants
were grown in plastic pots containing one kilogram non-sterile wastewater sludge treated soil for 5
weeks under greenhouse conditions to be consisted of a 16 h day light at temperature 25+3°C. The
plant cultures were watered as necessary to maintain the soil moisture at approximately 60%.

The selected potent rhizobacterial antagonists were: Pseudomonas fluorescens, P. aureofaciens, P.
putida, P. aeruginosa, Stenotrophomonas maltophilia, Burkholderia cepacia, Enterobacter sp.,
Bacillus subtilis, B. cereus, B. mycoides and Streptomyces sp. The selected phytopathogenic fungi
used were: Alternaria sp., Fusarium solani, Fusarium oxysporum, Pythium sp., Rhizoctonia solani and
Sclerotinia sp.

Detection of hydrolytic enzyme produced by rhizobacteria

The selected colonies of antagonists were investigated in agar plate assay for chitinase and protease
activity. The chitinase activity was assessed using a soil minimal medium containing (gl): 0.8
K2HPOQO4, 0.2 KH2PO4, 0.5 (NH4)2S04, 0.2 MgS0O4.7H,0, 2 Casamino acids, 15 purified agar and an
equal volume of 1% (w-v) of colloidal chitin suspension (Sigma), as well as containing (mgl?): 10
CaCl,.2H,0O, 10 FeCls.6H,0, 1 ZnSO4.7H.O, and distilled water. The protease activity was
investigated on plates containing (gl™): 100 skim milk, 1.5 yeast extract, and 15 technical agar, and
distilled water. Using the procedure described by Dunne et al. [12], the isolates were spotted onto the
agar surfaces. The plates were incubated for 1 or 3 and 2 or 5 days at 28°C. The assays were repeated
three times. Both chitin- and skim milk- containing plates are opaque and enzyme activity was
identified by the development of a clear zone around the colonies and spots.

In vitro Screening for Antagonism

To test antagonism of Alternaria sp., F. oxysporum, F. solani, Pythium sp., Sclerotinia sp. and
Rhizoctonia solani by each strain of rhizobacteria P. fluorescens, P. aureofaciens, P. putida, P.
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aeruginosa, Stenotrophomonas maltophilia, Burkholderia cepacia, Enterobacter sp., B. subtilis, B.
cereus, B. mycoides and Streptomyces sp., the pathogen and bacteria were inoculated 3 cm a part on
the same a garplate. Fungal growth on each plate was observed, and the zone of inhibition, if present,
was determined as following:

% Inhibition of mycelial growth = [(X-Y)/X]x100 @

Where, X is mycelial growth of pathogen in absence of antagonists and Y is mycelial growth of
pathogen in presence of antagonists.

In vitro antagonistic activity at different environmental conditions

The investigation of the antagonistic effect was carried out by the same procedure mentioned above.
Under the variations of the ecological factors, the six selected rhizobacterial strains were screened for
their antagonistic activity towards Alternaria sp., F. oxysporum, F. solani, Pythium sp., Sclerotinia sp.
and Rhizoctonia solani onto potato dextrose agar (PDA) medium. Zones of inhibition were recorded
after 2 and 5 days of incubation at 35°C or with different concentrations of 25 mM of NaCl or under
the stress of 25 uM of CdCl, and ZnCl; or under pH 8.3 values. Fungal growth on each plate was
observed, and the zone of inhibition, if present, was determined as described above.

RESULTS AND DISCUSSION

The antagonistic study showed that the inoculation of PGPR biocontrol agents significantly increased
the plant growth in nursery conditions (data not show). Thus this study underlines the commercial
potential of the selected PGPR biocontrol agents for sustainable plant cultivation.

Detection of hydrolytic enzyme produced by rhizobacteria

The investigation of the chitinase and protease activities of the selected antagonistic rhizobacteria is
illustrated in Figure 1. It was found that P. fluorescens was the most enzyme producing strains, while
the Stenotrophomonas was the lowest producer.

35
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Figure 1. Enzymatic activities of antagonistic rhizobacteria

In vitro Screening for antagonism

The results of the antagonistic potential of the rhizobacterial strains are demonstrated in Figures 2-7.
Figures 2, 3, 5, 6 and 7 show that the strains P. fluorescens had the highest inhibiting potent on the
growth of Rhizoctonia solani, Alternaria sp., F. oxysporum, F. solani, and Sclerotinia sp.,
respectively. Also these figures demonstrate that the Streptomyces sp. had the lowest inhibitor and
produce low antagonistic metabolites to reduce the growth of these phytopathogens. Figure 4. shows
that Enterobacter sp. strain had the highest potent to reduce the growth of Pythium sp.
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Figure 2. Effect of different antagonists on the growth of Rhizoctonia solani
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Figure 4. Effect of different antagonists on the growth of Pythium sp
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Figure 6. Effect of different antagonists on the growth of Fusarium solani
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Figure 7. Effect of different antagonists on the growth of Sclerotinia sp
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In vitro antagonistic activity at different environmental conditions

Under the effect of 25 mM of NaCl, B. mycoides was the most inhibitor to the all investigated

phytopathogenic fungi (Figure 8) and the strain Enterobacter had the lowest inhibition potent to reduce
the growth of the tested fungi.
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Figure 8. Effect of different antagonists on the growth of phytopathogens under the stress of NaCl
salt

Figure 9 shows that under the stress of 25 uM of CdCl,, the strain B. mycoides was the most
significant antagonist to reduce the growth of Alternaria sp., Pythium sp. and Sclerotinia sp., it was
able to reduce the growth of Alternaria sp. and Pythium sp. more than the other antagonists (Figure
10) and P. fluorescens was significant inhibitor to reduce the growth of Alternaria sp. and F.

oxysporum under the stress of ZnCl,. The strain Burkholderia cepacia had the antagonistic potent to
reduce the growth of R. solani and F. oxysporum.
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Figure 9. Effect of different antagonists on the growth of phytopathogens under the stress of CdCl,
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Figure 11 demonstrates the effect of incubation temperature at 35°C on the antagonistic activity of the
antagonists on the phytopathogenic fungi. It was found that at this temperature Enterobacter sp. strain
had the lowest potent to reduce the growth of the tested fungi except at the case of Sclerotinia sp.
which was inhibited more by the antagonist B. mycoides.

Percentage of antagonistic effects (%)
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Fusariumoxysporum  Fusarium solani
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Figure 10. Effect of different antagonists on the growth of phytopathogens under the stress of ZnCl,

salt

Also, it was found that B. mycoides inhibits significantly the growth of F. solani and Alternaria sp. S.
maltophilia was the most inhibitor and growth reducer of R. solani and F. oxysporum. Figure 12
demonstrates the effect of alkaline pH on the antagonistic potent of different antagonists on the
phytopathogenic fungi. It was found that pH 8.3 stimulates the antagonistic effects of the strain
Burkholderia cepacia to reduce the growth of R. solani, Alternaria sp., F. solani and Sclerotinia sp.,
while B. subtilis was able to reduce the growth of F. oxysporum significantly.
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Figure 11. Effect of different antagonists on the growth of phytopathogens under 35°C
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Figure 12. Effect of different antagonists on the growth of phytopathogens under pH 8.3

Bayoumi Hamuda and Kecskés [13] showed that in the antagonistic experiments there was no
antagonistic effect among the tested microorganisms. Antagonistic relationships are the keys in the
biocontrol of many soil borne phytopathogens and in the successful introduction and survival of soil
microbes and rhizosphere. Soil is a dynamic living matrix and an important resource for agricultural
products. Soil is also a store-house of microbial activity, which is confined to aggregates with
accumulated organic matter, the rhizosphere. The rhizosphere both contacts plant roots and supports
high populations of active microorganisms and it has attracted much interest [14].

Siderophores chelate available iron from the soil; antibiotics discourage bacterial colonization; lytic
enzymes degrade many organic compounds including chitin (main component of fungal cell walls);
detoxification enzymes prevent damage from pathogenic toxins. Production of volatiles such as
hydrogen cyanide, suppress the growth of fungal phytopathogens; the ability to successfully compete
with phytopathogens for nutrients or specific niches on the root; and the ability to induce systemic
resistance (ISR) [15]. So, PGPR was found to be mainly involved in enhancing plant nutrition, stress
tolerance or health [16]. Since these PGPR inoculants exhibited multiple characters benefit to the host
plants, they may be applied in the development of new, safe, and effective seed treatments as an
alternative to chemical fungicides.

A considerable worldwide research has focused on the exploration of varied agro-ecological niches for
the existence of native beneficial microorganisms. In the current study, rhizobacteria with in vitro
PGPR traits were isolated from sewage sludge treated rhizospheric soil of 2 different plant species.
These potential PGPR isolates were enumerated and screened in vitro for a broad spectrum for
antagonistic potential against phytopathogenic fungi. Selected strains scoring high rank as PGPR were
identified and their phylogenetic affiliations were determined. Antagonistic potential against
phytopathogenic fungi was selected as criteria to have a preliminary judgment for the isolates whether
they possess PGP traits or not. Isolates having antagonist potentials were considered as good
candidates for being PGPR because of their indirect effect for promoting plant growth via inhibition of
various plant phytopathogens.

Lytic enzymes is another trait associated with PGPR enabling them to limit fungal phytopathogens
growth, as in vitro studies showed that the exposure of selected plant pathogenic fungi to lytic
enzymes such as chitinase and protease for example can result in degradation of the structural matrix
of fungal cell wall [17]. In our study, it was observed that all selected antagonists were chitinase- and
protease-producers.

Bacillus spp. is known for their wide distribution in many soil types. Among all Bacillus spp. that have
been isolated and characterized as PGPR, spore-forming bacilli have received much attention for
commercial purposes due to their stability in the environment. Mirza et al. [17] reported the isolation
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of strains of Enterobacter spp. from rhizosphere of sugarcane and illustrated their ability to function as
PGPR. Enterobacter spp. strains were also found in diversity of PGPR isolated from sugarcane
cultivated in South of Brazil [18]. In an effort to study the diversity of PGPR associated with
rhizospheric soil and roots of canola, Farina et al. [19] found that Pseudomonas and Enterobacter
were among the most abundant rhizospheric bacteria showing several PGPR traits. It has also been
reported that Pseudomonas spp. is one of the most important bacteria inhabiting the rhizosphere of a
diverse group of plants [20]. It has been shown that, in comparison to other plant microenvironments,
the rhizosphere is one of the main reservoirs of antagonistic bacteria [21] with pseudomonads as being
most dominant bacteria showing antagonistic properties and therefore potential PGPR [22]. However,
in contrast to these reports, our results suggest that rhizoplane of wild plants in arid soil is a potential
source for pseudomonades with PGP properties rather than rhizosphere.

CONCLUSIONS

Rhizobacteria isolated from plants rhizosphere of 30% sewage sludge treated soil were found to
harbour antagonistic activity against the investigated phytopathogenic fungi. These antagonistic
rhizobacterial strains have broad spectrum of in vitro PGP abilities and antagonistic potentials in such
environment. The results of in vitro studies should be considered at the time when the in vivo and field
experiment studies will be done.
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Abstract: As atmospheric pollution continue to be a significant issue on global level, but with a particular
importance at European Union level, the air pollution reduction policies will continue to be enforced in the next
decades. At EU level, especially on most developed countries, NO, and Particulate Matter (fine and coarse
fractions) remain an acute problem. To help decision factors to have a better view on entire EU region the
SHERPA (Screening for High Emission Reduction Potentials on Air quality) was developed, a tool that was
proven helpful in addressing source allocation, governance and the assessment of scenario impacts.

Key words: SHERPA, air quality policy, air pollution, air quality assessment

INTRODUCTION

Good air quality is still a challenge in Europe. In 2015, 16 Member States out of 28 failed to comply
with the European Union air quality limit values. The situation is more challenging in cities, where a
high percentage of the population — up to 90%, according to the World Health Organization (WHO)
limit values — is still exposed to pollution levels detrimental to health, both in terms of morbidity and
mortality. From European to local level, policy-makers strive to improve air quality in urban areas.
Although there are many possible interventions that can be made at the city scale through measures
such as congestion charges, investment in public transport, or higher share of renewables in the energy
used in district heating and cooling, it is difficult for policy-makers to quickly assess the consequences
of policies on local air quality. The efficacy of those policies often depends on a combination of
specific factors such as meteorology or topography, only to name some. The JRC-developed tool can
help fill this gap. [1]

Many European cities suffer from poor air quality and regularly exceed both the European standards
prescribed by the Air Quality Directive and the guidelines recommended by the World Health
Organization. This is particularly the case for fine particulate matter (PM10) for which both the daily
and yearly average limit values are regularly exceeded in many cities and several regions in Europe.
Similar conclusions hold for PM2.5 where few cities manage to keep concentrations below the levels
recommended by the WHO. Actions have been proposed and taken at the international, national and
urban scales to reduce air pollution. While they have undoubtedly resulted in an overall improvement
of the air quality over the years, there are still problems which are localized in specific regions and
many cities. A key issue is thus to determine at which scale to act in order to abate these remaining air
pollution problems most effectively. [2]

It is a continuous need to provide information to improve air quality policy governance, to support
authorities in choosing the most efficient actions at the appropriate administrative level and scale.
Actions at the local level can only focus on urban scale and are more immediate and easy to enforce.
However, at national and international levels the decision making process is more difficult and needs
more time and debate to reach final conclusions, SHERPA tool is design specially to bring air quality
information’s at EU level in order to support authorities in actions.

The impact of a given abatement measure on air quality differs from city to city, even for cities that
are located in the same country. Actions taken at different scales or in different activity sectors
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therefore lead to impacts on air quality that are city-specific. Consequently, it is important to take into
account these city-specific circumstances when designing air quality plans. Actions that are efficient in
one city might not be efficient in others. [2]

MATERIAL AND METHODS

Chemistry transport models can account for these complex transport, diffusion and chemical
transformation processes and can therefore be used to quantify the impact of cities on their pollution
levels by performing simulations where emissions are switched on or off in a city. Because these
models require intensive computational resources they are generally used to perform this detailed
analysis for one city or region at the time. To cope with this limitation, the “Screening for High
Emission Reduction Potentials for Air quality” tool (SHERPA) has been developed by the Joint
Research Centre. [3] This simplified screening tool mimics a chemical transport model, but with a
much faster time response.

In the latest air quality study for major EU cities [2] several interesting key points arise regarding the
sectorial contribution to air pollution, on the 150’s analyzed EU cities:

- The average contribution from the residential sector was 13%, with a largely local
contributions in Poland mining areas, and with an observation that in general, the residential
sector (heating) has a greater impact in Eastern European countries

- The average contributions from the road transport was 14%, with larger contributions in
Western Europe cities. As expected, transport emissions represent an important contribution in
some of the largest cities (Paris, Madrid, London). However, they are also a key contributor in
densely populated areas like Belgium and the Netherlands. [2]

- The average contribution from agriculture was 23%, with larger contribution in German and
Czech cities.

- The average contribution of industry was 20%, with larger contribution in German, French
and Austrian cities.

- The average contribution of natural sources was 19%, with PM2.5 peaks in cities in
Mediterranean area, associated with episodic atmospheric dust events.

This variability in terms of sectoral impact, even within a single country, illustrates the scope for
targeting air quality plans on a city-by-city basis, and the need to supply to local policy makers the
tools to support them in better air quality assessments.

SHERPA is a modelling tool, developed for the exploration of potential air quality improvements
resulting from national/regional/local emission reduction measures. It is based on source-receptor
relationships. These source-receptor relationships are a simplified version of a chemistry transport
model, used to simulate the contribution to concentration levels due to all precursor emissions (NOX,
NMVOC, PPM, SO; and NH3) from one particular area of the domain. They are used to estimate the
effect of changes in precursor emissions on pollutant concentrations [4]

In SHERPA, concentration changes due to an emission reduction scenario are computed on a cell by
cell basis according to the following equation:

Npree Neell

AC, = Z Z Gy AE V1 € [1, Noay]
pral s (1)

where the delta concentration AC, (change of concentration in comparison to the base case) in a
receptor grid cell n is expressed as a linear combination of the emissions delta AE,, (variation in
emission when compared to the base case), for each source cell m and pollutant (i.e. precursor) p. The
anpm coefficients act as weighting factors which apportion the amount of emission variation A4E,m of
precursor p stemming from cell m and reaching cell n. As the correlation between AC, at receptor cell
n and 4E,n at sources cell m decreases with the distance between the cells, it has been assumed that
the coefficients anpm in the previous equation can be approximated by the following distance-function

[5]:
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where dnm is the distance between cells n and m and the two unknowns « and o for each precursor p
and each grid cell n were estimated from chemical transport model simulation results. [5]
The SHERPA tool is distributed with EU-wide data on emissions and source-receptor models (spatial
resolution of roughly 7x7 km2), so that it is very easy to start working on any region/local domain in
Europe. More specifically, SHERPA logical pathway is implemented through the following steps:
- Source allocation: to understand how the air quality in a given area is influenced by different
sources;
- Governance: to analyze how one should coordinate with the surrounding regions to optimally
improve air quality;
- Scenario analysis: to simulate the impact on air quality of a specific emission reduction
scenario (defined also through the previous two steps)
In this particular study the Romanian Region was taken into account and 3 SHERPA sections were
used, Source allocation, Governance and Scenario.

RESULTS AND DISCUSSION

Emission reduction rates in SHERPA are defined to definite regions, which in Romania correspond to
the different counties in the country. Investigation in higher resolution, such as for cities, is not
possible, except for the capital, Bucharest, which itself represents an individual region. Therefore, we
chose West Region of Romania (where Timisoara is located) to be the target area in the analysis of the
effects of emission reduction. Figure 1 represents the expected effects of a 8.37% emission reduction
of particulate matter concerning all sources in western Romania.
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Layer options ~

Save image
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Figure 1. Western Romania area, PPM-all sectors scenario, governance

One can observe that the maximum range where the local/regional decision makers can work is at
maximum 8.37%, suggesting that a large amount of airborne particles in the region are not locally
generated.

A better view is given by Figure 2, where the “No control” chart is emphases in Governance module
of SHERPA. However, even if the target area was specifically defined by the GPS coordinates of
Timisoara, as SSHERPA is not defined at low geographical level in Romania, the uncertainties in this
particular study can be significant.
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On the larger scale, at country level (entire Romania), the estimations are better due to higher number
of data available from national air quality monitoring stations. In Figure 2 one can observe the result
of a two-step scenario, one (in the left side) with no emission reduction strategies and second with
emission reduction strategies applied at all emission sources.

i e - - W e - - W

Source Allocation

,_:,__.......”.,,_,:,w.m,..,
I
|

-
|
i
i I

—

Figure 2. Romania area, all sectors scenario, governance, reduction potential

Obviously the scenario with emission control enforced at 100% is an utopia, but the results shows an
interesting fact for Romanian case, that gaseous pollutants emitted are already controlled (as minimum
reduction is shown in Figure 2) but PPM (mostly PM10) emissions can be significantly reduced at

country level.
Other, more source focused scenarios can be analyzed in SHERPA, as the one shown in figure 3 to 5,

where only transportation source was taken into account, at entire Europe level.
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Figure 3. Europe-city level, PM10 emission factors, exclusively road transport sector.
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Analyzing the results presented in Figures 3 to 5 one can easily notice the major contributors to air
pollution in urban levels are the western countries/cities, in respect to PM10 levels, like Nederland,
Belgium, Germany and northern (developed) parts of Italy.

CONCLUSION

There is an obvious need to provide information to improve air quality policy governance, to support
authorities in choosing the most efficient actions at the appropriate administrative level and scale. In
particular, an appropriate balance between local actions focusing on the urban scale and actions
requiring national/international efforts needs to be found. The purpose of this study was to provide
information on the potential of SHERPA tool to support researchers and decision making officials on
the local, regional and country level to develop and implement better air quality improvement
strategies.
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Abstract: In this paper, adsorption of cadmium ions from aqueous solutions was investigated, using Ca-alginate
particles and biocomposites made from Ca-alginate and hemp fiber with differently pretreatment to determine
the kinetics and adsorption isotherms for these processes. The concentrations of cadmium were monitored using
atomic absorption spectrophotometry (AAS). Based on the experimental results, the coefficients for Langmuir
and Freundlich adsorption isotherms were determined. For the adsorption kinetics study pseudo-first order,
pseudo-second order, and the Weber Morris model were used. The obtained results proved that pretreatment had
large impact on cadmium absorption and that investigated materials may help to reduce the cadmium
concentration in a cost-effective and efficient manner.

Key words: cadmium, adsorption, alginate-hemp fiber composite, alginate beads

INTRODUCTION

For the preservation of life and the normal functioning of all living beings, water must have a natural
chemical composition and characteristics. When, due to some natural processes or most recent, human
activities, water is contaminated it must be somehow cleaned. Intensive technological and industrial
development has led to over-exploitation of water resources, as well as increased pollution of ground
and surface waters [1]. Among the most common pollutants heavy metals are the most dangerous
inorganic pollutants of the environment since they are highly toxic even at low concentrations, non
biodegradable and bioccumulative, and hence they must be removed [2]. There are a large number of
different processes/technologies for the contaminated water treatment, starting with traditional
techniques such as chemical precipitation, coagulation, flotation and or oxido reduction, but also the
very expensive ones such as ion exchange, membrane filtration and electrolysis. However, despite the
numerous advantages the above methods also have certain shortcomings like the high energy
consumption, the generation of secondary waste and low selectivity [3]. In order to effectively address
those problems, numerous researches focused on finding and/or improving methods and materials that
can lead to the removal of heavy metals from water. Among other removal methods used today
adsorption is most promising because of the high efficiency, low cost and abundance of different
natural and synthetic adsorbents [4]. Environmental pollution by heavy metals is mostly due to the
release of untreated or insufficiently purified industrial wastewaters, mining or surface treatment of
metal objects, dissolution of minerals, agricultural activities and industrial processes.

Toxicity of heavy metals is different and some of them (like copper, zinc, iron, manganese and
molybdenum) are considered essential for the functioning of living organisms and toxic only at higher
concentrations, but others (like mercury, cadmium, lead, arsenic and selenium) are toxic even at very
low concentrations [5]. Cadmium is one of the most toxic heavy metals and does not belong to a group
of essential elements for living organisms. Due to its extreme toxicity in relatively small doses, it is
designated as a priority pollutant by the United States Environmental Protection Agency (US EPA).
Table 1 shows the maximum permitted concentrations of cadmium in drinking water.

When introduced into the body, cadmium that is not excreted is immediately accumulated in the
kidneys and causes their damage, as well as damage to the immune, skeletal, urinary, reproductive,
cardiovascular, central and peripheral nervous, and respiratory systems, and cancer in the case of long
exposure [6]. Cadmium in nature comes from phosphorus fertilizers, through solid waste and waste
water from the battery, paint, ceramics and plastics industries [7].
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Table 1. MDK values of the cadmium

Document Drinking water standards, [mg/L]
Pravilnik! (1999) 0,003
WHO? (2011) 0,003
EU® (Directive 98/83/EC) 0,005
US EPA* (2008) 0,005

Remarks: Pravilnik o higijenskoj ispravnosti vode za pi¢e Republike Srbije; 2 WHO —World Health
Organization; *EU — European Commission, drinking water directive; *US EPA — United States
Environmental Protection Agency.

MATERIALS AND METHODS
Methods for the removal of cadmium

In the last decades, a number of physicochemical methods have been developed that can be used to
purify wastewater from heavy metals. Conventional methods for removing ions of heavy metals from
water include chemical precipitation, coagulation and flocculation, ion exchange, membrane filtration,
electrochemical methods, and adsorption [4]. The biosorption process implies an adsorption process
with application of some material with organic origin called biosorbent. A large variety of different
biomaterials may be used as biosorbents like: dead or live micro-organisms (algae, bacteria, fungi,
yeasts); natural macromolecules (cellulose, lignin, starch, chitosan, alginate, carrageenan, etc.);
residues of plant and animal origin (seaweed, wool, moss, peat, etc.); industrial and agro-industrial
waste [8, 9].

As the most common adsorbent, activated carbon, has high production cost, the biosorbents represents
abundant, extremely cheap, highly effective alternative, with the large variety of functional groups for
metal removal (carboxyl, hydroxyl, phenolic, amidic, amino, carbonyl, etc.) [10]. Those groups may
be further modified by different physical, chemical, or combined methods in order to improve
adsorption abilities. In addition, some of the biosorption materials may be very effective even at very
low concentrations of various pollutants [3].

Alginates as a biosorbents

The alginates are natural, water-soluble, linear anionic polymers of large molecular masses present in
the cell wall of brown algae (Phaeophycae) in the form of calcium, magnesium or sodium salt of
alginic acid, from which they are extracted for commercial use. Alginates represent a group of
compounds with a complex structure, which is defined primarily by the composition and organization
of its subunits. Namely, in the chemical structure of the alginates itself, there are blocks composed of
the residues of B-D-manuronic (M-blocks) and a-L-guluronic acid (G-blocks), which are
interconnected by 1,4-glycosidic bonds, and whose number and arrangement has a major influence on
alginate and alginate gels properties [11]. Alginate gels belong to the group of the chelating ion
exchange sorbents (like monofunctional ion-exchange resins), but these biosorbent materials are
preferred since they have different functional groups (carboxylic and hydroxyl) in their three-
dimensional structure, which are active sites for metal ion binding. In addition, their price is up to ten
times lower than the price of ion-exchange resins and other commercial sorbents, and their lifetime is
only slightly shorter [12]. They could be used for immobilization technology, in order to improve the
biosorption process and regeneration/reuse of so formed biosorbent. These biosorbents have metal-
sequestering property and thus can successfully and quickly sequester dissolved metal ions even from
dilute complex solutions with high efficiency. Hence alginates are ideal candidates for the treatment of
high volume and low concentration complex wastewaters [11]. However, although alginates are
biosorbents with high efficiency their mechanical stability is extremely low [9].
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Hemp fibers as a biosorbents

Hemp as biosorbent is widely used for phytoremediation where its green plants are used in order to
remove pollutants from the environment since they possess large biomass into which large amounts of
heavy metals from the substrate can be accumulated. In addition, hemp grows very quickly (it takes
about 180 days to mature), the costs of planting are low and it could be cultivated in different climatic
conditions. However, beside this use it could be also used as quick and effective biosorbent for heavy
metal removal from drinking and wastewaters [13, 14]. Short and entangled hemp fibers, which can be
obtained as waste in the textile industry, are a cheap lignocellulosic biosorbent for efficient removal of
heavy metals from aqueous solutions. Cannabis fibers have an extremely complex structure and a
heterogeneous chemical composition, which includes cellulose, hemicellulose and lignin, while pectin,
fats and waxes are somewhat less represented in their structure. It should be noted that the structure of
this biosorbent is extremely complex and, in combination with the chemical composition of its
components, significantly affects the sorption capacity of hemp fibers. Heavy metal primarily bind to
carboxyl groups (present in hemicellulose, lignin and pectin) and phenol groups (present in lignin,
grease and wax), and to a lesser extent they bind to hydroxyl (from cellulose, hemicellulose, lignin,
pectin and waxes and fats), and carbonyl (from lignin) groups [13]. The content and position of certain
components of the chemical composition, (primarily cellulose, hemicellulose and lignin) in the
structure of hemp fibers, significantly affect the adsorption capacity of hemp fibers as a biosorbent.
The adsorption capacity of hemp fibers is closely related not only to the content of active heavy metal
ion binding groups, but also to their availability, which depends mainly on the structural
characteristics of the fiber. In order to improve the adsorption capacity of lignocellulosic fibers as well
as the functionalization of their surface for heavy metal binding, chemical modification is most often
applied. In this way, while preserving the exceptional physical and mechanical characteristics of
cannabis fibers, they become an adequate carrier for the immobilization of various sorbents, which in
their initial form are rather unstable [9].

Experimental

Materials used in this work were: alginic acid in a powder form (low viscosity, Sigma-Aldrich),
cadmium chloride CdCl,*2H,0O (Sigma-Aldrich), calcium chloride CaCl,*6H.O (Sigma-Aldrich),
industrial hemp fibers and distilled water.

The standard solution of cadmium chloride 500 ppm concentration was prepared by dissolving 0.255 g
of CdCI,*2H0 in 250 ml of distilled water. A working solution of 75 ppm starting concentrations was
made using the appropriate volume of standard solution of cadmium chloride in 50 ml of distilled
water. The alginate solution was obtained by diluting 1 g of brown algae powder in 50 ml of distilled
water. After dissolving of alginate in water (by agitation at 250 rpm for 2h) it was used either for
particle formation or for formation of alginate-hemp fiber composite.

The alginate particles were made by syringe dropping 2% Na-alginate into a 2% calcium chloride
solution in distilled water, and then allowed to stand for 24h in the same, after which they were
washed with distilled water and allowed to stand for 24h in distilled water. After forming of particles
three sets of particles with different degrees of hydration were made. The first set of particles was
dried for 24 hours in the hot oven at 60°C, and it represented dry particles. The second set of particles
after drying for 24 hours was left to rehydrate in distilled water for 24 hours before it was applied as
biosorbent and it was named as rehydrated particles. The third set of particles was not dried and it was
inserted into the cadmium solution in the form it was prepared, representing fresh particles.
Composites were also like particles made in three states of hydration. The fiber of the cannabis was
first submerged in the alginate solution, and then placed to dry for 24h. After drying fibers were
immersed in a 2% calcium chloride solution and allowed to stand for 24h in the same, and after
washing with distilled water allowed to stand for 24h in distilled water. One set of composites was
obtained by using thus obtained composite as adsorbent, and this set represents a fresh composite. The
second set of composites was obtained by drying it in the oven for 24 hours at 60°C, and it represents a
dry composite. The third set of composites was obtained by immersed a part of the dry composite in
distilled water to rehydrate for 24h before the use and this one was called a rehydrated composite.
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The amount of biosorbents used in all experiments, given as the mass of the dry biosorbent, was 0.125
g. For determination of the adsorption kinetics on different biosorbents following time intervals were
used: 3, 5, 7, 10, 15, 30, 60, 120, 300 min, and 24 h. Analysis were performed on atomic absorption
spectrometer (Pye Unicam SP9, Ltd., UK) was used.

The aims of to investigate the adsorption of cadmium ions from agqueous solutions using Ca-alginate
particles and a biocomposites made from Ca-alginate and hemp in various hydration states, in order to
determine the kinetics and adsorption isotherms for these processes. Based on the experimental results,
the coefficients for Langmuir and Freundlich adsorption isotherms will be determined. Adsorption
kinetics will be processed by pseudo-first and pseudo-second order models, as well as by Weber
Morris model.

RESULTS AND DISCUSSION
Sorption capacity and removal efficiency

Effect of the hydration on sorption capacity, Qe exp, IS given in the Table 2, while the effects of contact
time on removal efficiency are shown in Figure 1.

Table 2. The equilibrium sorption capacity, for ¢, = 75 ppm Cd(ll) ions, at 250 rpm, and 25 °C

Dry Dry Rehydrated | Rehydrated Fresh Fresh
Adsorbent . . . - . .
particles | composite particles composite | particles | composite
Ge. exp 27.74 20.05 27.69 19.98 24.68 20.88
(mg/q)

As it could be seen from Table 2 fresh composite, and dry and rehydrated particles have highest
sorption capacity while dry and rehydrated composite have the lowest. This may indicate that once
dried composite lose part of its adsorption capacity.
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Figure 1. The removal efficiency vs. time, for co=75 ppm Cd(ll) ions, at 250 rpm, and 25 °C.

As it could be seen from the Figure 1 the biosorption of cadmium ions on all used sorbents is
relatively quick process, because in the first 50 minutes there is adsorption of about 80-90% cadmium
ions for alginate particles, while for alginate-hemp fiber composite there is a slightly slower and lower
adsorption. This is not surprising since the alginate have up to ten times larger adsorption capacity
compared to the hemp fibers and percentage of alginate in composite is only 12%. However, although
dry particles have larger adsorption capacity they have much slower kinetic in the first 50 minutes than
it has the composite.
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Kinetic study

In order to investigate the kinetics of adsorption of the Cd(ll) on different biosorbents, various kinetic
models, like pseudo-first-order [15], pseudo-second-order [16] and intra-particle diffusion [17] models
have been used. In the Figure 2 are shown examples of obtained results while obtained kinetic data for
all biosorbents are summarized in Table 3.
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Figure 2. The kinetics of Cd(Il) adsorption for co=75 ppm at 250 rpm, and 25 °C; a) pseudo-first-
order, b) pseudo-second-order c) and intra-particle diffusion.

Table 3. The obtained parameters for pseudo-first-order, pseudo-second-order and intra-particle
diffusion models

A Dry Dry Rehydr. Rehydr. Fresh Fresh
Kinetic model . . ) . . .
particles | composite | particles | composite | particles | composite
Pseudo- | K (min?) 0.0156 | 0.0093 0.169 0.0184 | 00144 | 0.0096
first- e (Mg/g) 28.72 13.12 30.48 12.02 15.17 17.04
order R? 0.998 0.944 0.930 0.949 0.913 0.976
Pseudo- | Kz (min?) 0.0002 | 0.0030 0.0025 0.0036 | 0.0022 | 0.0013
second- | 9. (mglg) 40.27 20.83 29.27 20.90 26.85 21.89
order RZ 0.748 0.996 0.998 0.999 0.998 0.992
Kigz  (mglg
Intra- | i 2.77 2.84 4.45 3.31 5.52 2.70
particle | Kiez (mofg | g9 0.857 1.11 1.14 0.889 1.74
diffusion | min'?)
model n‘f;;ﬁ,z) (mofg | 0745 0.381 0.008 0.079 0.207 0.678
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As it could be seen from Table 3 all adsorbents except dry particles may be better modeled by pseudo
second order Kinetics. The Qeexp and the Qe ca Values from the pseudo-second-order kinetic model are
close to each other except for the dry particles. The calculated correlation coefficients are closer to
unity for pseudo-second-order kinetics than that for the pseudo first-order kinetic model, indicating
that the adsorption of Cd (I1) onto different sorbents can be better approximated by the pseudo-second-
order kinetic model than the pseudo-first-order kinetic model. In addition results obtained for Weber-
Morris kinetic parameters for all investigated systems with Co=75 ppm clearly shows that data points
are represent by multi-linear plots. The first linear region is attributed to the film diffusion where mass
transfer is governed by boundary layer effects. Second linear region describes the intraparticle
diffusion stage (in the meso-pores), while the third is connected to the diffusion in the micro-pores. In
all cases straight lines in the film diffusion region didn't started from the origin most possibly due to
the difference in the rate of mass transfer in the initial and final stages of adsorption. Further, obtained
values of kiq for Co=75 ppm listed in Table 3 indicate that particles generally have larger diffusion
coefficients in the in the film diffusion region. For particles coefficients in the film diffusion region
increased with hydration while for composite situation was similar. However, in the meso-pores
diffusion region diffusion coefficients for particles decreased with hydration, while for composite
there were increase with the hydration. Generally, fresh particles have highest mass transfer rates in
the boundary layer, fresh composite in the meso-pores, and dry particles in micro-pores.

Equilibrium study

The obtained equilibrium adsorption data of Cd (II) adsorption onto investigated biosorbents have
been tested by using Freundlich [18], and Langmuir [19] isotherm equations. The Freundlich isotherm
is valid for a heterogeneous adsorbent surface with a non-uniform distribution of heat of adsorption
over the surface. The Langmuir isotherm, however, assumes that the sorption takes place at specific
homogeneous sites within the adsorbent. Figure 3 represents an example of experimentally obtained
results while kinetic data obtained for all biosorbents are summarized in Table 4.

Langmuir isotherm 1.6 Freundlich isotherm
1.2 e

P -

Rehydrated particles ~ Dry composite e

= celge ,//

Linear fit of data 1.2 //. = log(ge)
e .g a )
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e

2, y
) 3
,/’//// /
:/”/ Equation y=a+b* /,/ - _
e Adj. R-Squar  0.98677 o Equation  y=a+b
- Value  Standard Erro 0.8 e Adj. R-Squar| 0.98634
0.0 P8 Intercept ~ 0.0910 0.03232 P Value | Standard Err
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log(a,)
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Figure 3. The adsorption isotherm for Cd(Il) adsorption for co=75 ppm at 250 rpm, and 25 °C; a)
Langmuir, b) Freundlich

The parameters of the isotherms, and the correlation coefficients, R? obtained by the fitting of the
experimental data are listed in Table 4. By comparing the values for the correlation coefficients, it was
found that the Freundlich isotherm generally better represents the equilibrium sorptions of Cd(ll) onto
investigated adsorbents. Those results are not surprising for composite since this isothermal model
indicates the heterogeneity of the surface and that adsorption is multilayered, the same facts that were
confirmed by the kinetic study.

24



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Table 4. The obtained parameters for Langmuir and Freundlich isotherm

Adsorption isotherm DTV Dry . Rehydr. Rehydl_r. Frgsh Fresh_
particles | composite | particles | composite | particles | composite
K (min?) 16.98 4,71 13.79 10.99 9.75 /
Langmuir | Om (mg/g) 38.31 32.57 42.55 21.32 28.09 /
R? 0.938 0.848 0.809 0.987 0.877 /
Kt(mg g?)
(dm® mg- 10.59 5.48 9.98 7.44 7.86 0.72
1\1/n
Freundlich )n
s 1.68 2.09 1.53 3.02 2.44 0.81
[9/dm°]
R? 0.918 0.986 0.827 0.975 0.974 0.659
CONCLUSION

Based on the performed experiments and the obtained results and presented discussion, the following
conclusions may be derived:

* The hydration state of used adsorbents have high influence on the adsorption process and it may be
concluded that dry adsorbents generally have somewhat slower adsorption kinetic for Cd(Il) removal
for co = 75 ppm and that particles have higher adsorption capacities which is expected.

* The sorption kinetics of Cd(Il) onto tested adsorbents could be represented by the pseudo-second-
order kinetic model. Since for the pseudo-first-order kinetics the rate-limiting step is diffusion
(physical process), while for the pseudo-second-order the rate-limiting step is the chemical reaction
(chemical process) it may be concluded that those adsorbents have good mass transfer properties, or in
other words that they have easily available surface for adsorption.

* The adsorption processes could be well described by a multi-stage diffusion model proving complex
structure of the composite.

* Freundlich isotherms generally better represented the equilibrium adsorption of Cd(li) onto
investigated biosorbents indicating the heterogeneity of the surface and that adsorption is multilayered.
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Abstract: Energy policy of EU promotes electro-mobility, especially the use of bicycles and electric bicycles.
PEDELEC is a form of an electric bicycle that does not require a registry plate, and with a battery power 250 W
electric motor helps the driver to overcome the altitude differences and influence of the wind. Batteries for
electric bicycles are based on Li-lon technology. Battery packs are made of standard cells that have a lifecycle of
1000 cycles. In realistic exploration conditions, the lifecycle is four years and up to a third of the declared cycle
of use. The reason for this is the climatic conditions which lead to increased temperatures in usage and charging
temperatures, which significantly reduce their life cycle. Paper on a practical example shows the dynamics of
PEDELEC usage, energy needs for specific route characteristics, as well as changes in the thermal pattern of the
battery and its condition after 4 years of use. The analysis was performed with Non-Destructive Testing (NDT)
using infrared thermography, which confirmed the inhomogeneity of thermal patterns and the moment of final
battery failure.

Key words: Li-lon, 18650, battery pack, PEDELEC, thermography

INTRODUCTION

Energy policy of the European Union promotes the use of electric vehicles. In order to reduce import
of crude oil, CO; emissions and congestion in large cities. The aim of the European Union’s land
transport policy is to promote mobility that is efficient, safe, secure and environmentally friendly.
London is the first city to introduce Congestion charging zone in 2003. The charge covers a 21 km?
area in London. If you enter the zone between 7am and 6pm on a weekday, you pay a flat daily rate.
The charge has risen from 5 £ in 2003, 7.50 £ in 2006 to 11.50 £ in 2018. Residents receive a 90 %
discount and registered disabled people can travel for free. Emergency services, motorcycles, taxis and
minicabs are exempt. Fully electric vehicles and hydrogen fuel cell cars are exempt from this charge,
along with a number of efficient hybrids. With the aim of reducing traffic congestion, the use of
bicycles and electric bicycles is promoted. 40000 vehicles drive into it per hour in the morning peak.
Since implementation, vehicle delays have reduced by 26 % inside the charging zone and the bus fleet
and ridership have increased significantly, [1].

Aim of this paper is to present case study of four years usage of electric bicycle PEDELEC on city
area with special reference to the weakest element of the electrical mobility, battery. PEDELEC (pedal
electric cycle) is name for bicycle with an electric motor supporting the ride. Electric motor with
maximum power of 250 W helps the driver until reach the speed of 25 km/h. It is the only form of
electric vehicle in EU countries that does not require registration.

PRACTICAL USAGE OF PEDELEC IN THE AREA OF CITY OSIJEK
Basic information on daily transport needs

Cycling in Osijek represents a way of life and a favorite recreation on 40 kilometers of cycling trails.
The city is located on an international bicycle route along the Danube that stretches from Germany
across Austria, Hungary, Serbia, Romania and Bulgaria. The European bicycle route Euro Velo 6
connects Osijek with Budapest and Novi Sad. The second route nearby is the Euro Velo 13, the so-
called Iron Curtain Route [2]. For daily traffic needs, in this research, was used Kalkhoff's electric
bicycle. This bicycle has 8FUN drive engine on the front axle, power 250 W and Li-lon 36 V, 9 Ah
battery (Fig. 1).
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<A \
Figure 1. Kalkhoff PEDELEC used for research

A typical day-trip on the way from home to work (Faculty of Electrical Engineering, Computer
Science and Information Technology Osijek) as well as the speeds in (km/h) on individual parts of
route can be seen in Fig. 2.
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Figure 2. The basic daily route of PEDELEC and the driving dynamics of the daily route, source [2]

Average traffic speeds of PEDELEC goes from 20 to 22.8 km/h, [3]. Average traffic speeds in EU
cities: London (19 km/h), Berlin (24 km/h), Warsaw (26 km/h), Edinburgh (30 km/h), Rome
(30 km/h), Glasgow (30 km/h), Bristol (31 km/h), Paris (31 km/h), Belfast (32 km/h), Munich
(32 km/h), Amsterdam (34 km/h), Barcelona (35 km/h). Conducted measurements during May 2015
indicate that the average speed of traffic in Osijek by car (38.4 - 39.7 km/h) and bicycle (12.5 -
14.6 km/h). Average traffic speed with PEDELEC and car in the populated area of high traffic density
is similar [3]. The experiences from the literature, calculations by ExtraEnergy based on market
values. As a basis for calculation, the lifecycle of PEDELEC including batteries was taken as 4 years
or 19200 km, alongside a kWh price of 0.2 €, plus annual repair and spares cost of 150 €.
Alternatively, the figure of € 40 per month for motivational leasing via an employer could be used, in
which a PEDELEC to a value of € 1,800 would be leased over a period of three years for 38,01 € per
month, [4].

Practical experiences of authors are presented in Table 1. Battery analyzed in this paper provided,
during 4 years, 2543 km, while the experiences of other users of a similar bicycle that used only the
lowest amount of engine power tell about 7000 km before the battery is dead. In the first years of use,
the rechargeable battery of the test bicycle was allowing a movement radius of 30 - 40 km. In the
fourth year, autonomy fell up to 15 km. Then in just a few recharges, on the radius of 7 km and then
the battery has died. The price of the new battery is 351 €. This makes the price of the mileage, on the
test model, higher than the cost of fuel in a car (0.08 €/km).

Table 1. The mileage of the battery over the lifetime

Year | Test bike Kalkhoff PEDELEC | Similar bike with same battery
2014 20 km 1000 km
2015 1093 km 2500 km
2016 950 km 1500 km
2017 300 km 2000 km
2018 180 km 0 km
Sum 2543 km 7000 km
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PEDELEC energy needs on daily route

When driving a bicycle, the driver often invests extra energy in overcoming air resistance in the case
of wind and potential differences in the case of a hill. The average recreational cyclist developing a
power of 100 W, when in good form it can go even up to 200 W. Professional cyclist develop from
200 W up to 300 W. In races, 400 W was recorded in continuity at a distance of 14 km [3]. Needs of
driving power are best described in Figure 3 left [5]. Figure 3 right presents speed and proportional
energy demand from 75 kg driver with a bike by primary resistance forces during a state of 300 W
constant power cycling, source professional training systems, scientific training for cyclist and
multisport athletes.
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Figure 3. Required driving force for different speeds and proportional energy demand
by primary resistance forces during steady-state cycling

The mathematical description of the needed power in relation to the variables as bike speed, wind
speed, mass and resistance is defined by the expression (1). Trajectory dependency of particular
variables are detail described in [6].

Wtha(\/ +vW)2+g(mr+mb)(s+cr)J-v 1)

where: W - shaft power s - gradient (%) (5 % = 0.05) m, - driver mass
Ka - drag factor Cr - rolling resist. coefficient 0.003 my - bike mass
\Y; - bike speed Vw - headwind speed g - 9.81 m/s?

LI-ION BATTERY

The demand for PEDALEC started in 2005 mainly thanks to the widespread use of Li-lon batteries
[3]. Li-lon batteries, thanks to a higher energy density, are currently the best solution for electrical
mobility (Fig. 4).
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Figure 4. Energy density trend and increase in performances of 18650 Li-lon cell [7]
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In Li-lon batteries (LiBs), Li+ ions move from the positive electrode to the negative electrode upon
charging, and reversely upon discharge, as shown in Fig. 5. The negative electrode is usually carbon-
graphite (LiC6). There are different kinds of positive electrodes: the lamellar compounds (archetype
LiC002), the spinel compounds (archetype LiMn204) and the olivine compounds (LiFePO4). The
electrolyte is either liquid, made of carbonates plus a Li salt, or a solid (a conductive polymer). Liquid
electrolyte allows for much greater power density because the carbonates are good ionic conductors.
Liquid electrolyte major problem is that boil at about 90 °C, and in practice, these batteries can be
operated in the temperature range of 20 to +60 °C. At higher temperatures, the electrolyte deteriorates;
at lower temperatures, the conductivity is too small. With a solid-state battery, the conductivity of the
electrolyte is small so that the battery need to heat to the 90 °C. Battery pack mainly are make from
standardized Li-lon cells, Fig. 5, [8]. The first LIB generation (Sony Corporation, 1991) was produced
in a standardized format, the well-known 18650 cylindrical cell [9].

Positive terminal
Cover |

Insulating
el
I
Positive—"_ | | ‘
tal )

= Anode
2 l (negative plate)

Figure 5. Construction and interior design of a 18650 cylindrical battery

Lithium-ion chemistries tend to operate best between about 10 and 35 °C; this is referred to as the
optimal temperature range. This is where you want the batteries to be at most of the time. However,
most all lithium-ion chemistries will still operate down to about —20 °C and up to about 45 °C; this is
known as the operational range. In this temperature range, no reduction in battery life would be
expected to be experienced during normal operation. Between —20 and —40 °C the electrolytes may
begin to freeze and the cold temperatures increase the impedance within the cell thereby resisting the
flow of ions and reducing capacity and performance, and above 60 °C many lithium-ion cell
chemistries begin to get more unstable; this is known as the survival temperature range, [7].

BATTERY PACK

Battery pack for PEDELEC is usually 36V. To get this voltage, it is necessary to connect 10 batteries
in the series. In order to provide sufficient energy, certain elements may contain multiple parallel cells.
The analyzed pack contains 40 CGR18650CG Li-lon MH12210 cells. Cell nominal voltage is 3.6 V
and with capacity 2250 mAh gives a pack capacity of 9 Ah.
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Figure 6. Panasonic CGR18650CG characteristic from data sheet
It is important that all cells, inside battery pack, are similar characteristics (inner resistance) because it

depends on lifecycle of battery pack [10]. As some of the batteries in the same series differ in one
another, it is necessary to monitor the charging cycles because Li-lon batteries are sensitive to
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overflow which can lead to ignition. Battery Management System (BMS) is the basic component of
each battery pack. Electric bicycles do not have a Thermal Management System (TMS) which can
cause a temperature difference of about 2 — 3 °C from the coolest cell to the warmest cell. In the case
of cars and larger battery packs the difference can be as much as 6 — 8 °C. The reason why this is
important is that a large temperature gradient between the cells will cause the cells to age at different
rates, more information in [11]. Hotter cells will age faster than the cooler cells, and if there is a large
gradient, this could mean that the battery’s calendar life will be reduced prematurely [7].

BMS serves to balance energy of individual cells because the behavior of the group is complex [12].
Balancing can be active and passive. In practice, it is most passive because the price of active
balancers is not justified by energy savings. The passive cells balancer that fill individual cell in the
charging process before the other, i.e. achieve the 4.2 V voltage slowly empties over the resistor that is
connected in parallel with the cell. Fig. 7 shows the location of BMS and individual cells in the
analyzed battery pack as well as the sematic layout of the BMS compound.

\
CGR18650CG
Li-ion MH12210
4 cells in parallel

the BMS in the battery pack (bottom view)

The premature destruction of the battery led to the use of charging immediately after the run, which
was mainly during high outdoor temperatures. The lack of thermal management and the unequal
distribution of dissipation led to a different aging of the cells, which can be seen from the thermal
form in Fig. 8.

39.0 Sp1 39.7°C oG ®
Sp2 36.6 °CHWRES
Sp3 36.0 °C
/f 2

.

Figure 8. Uneven thermal pattern in operation (top view)

The temperature values in Fig. 8 show a difference in the battery temperature of 3.7 °C, while the
difference to the housing takes up to 8.4 °C. Older cells with lower capacity have higher internal
resistance. Because of this, good cells take over most of the current on themselves. This leads to their
heating and aging. Batteries in the battery pack are set in two levels, so you need to analyze both sides
of the battery pack. Fig. 9 (left) shows the upper side of the battery and the lower side (right). Fig. 9
can clearly estimate the location of individual cells as well as assume their qualitative status.
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Figure 9. Battery pack thermal pattern in charging process
(left top view, right bottom)

When after 4 years the battery could not exceed more than 800 meters, we carried out an additional
thermographic analysis and determined the existence of a hot spot. Fig. 10 shows a thermal hot spot on
the cells that have stopped working. Hot spots represent the healthy cells that are in parallel with the
defective cell and conduct a current of the serial circuit.

33.2°C oC
31.0°C

28.1°C

25.7 $FLIR

Figure 10. Battery pack thermal pattern at end of lifetime
(left top view, right bottom)

Taking average PEDELEC speed and radius of autonomy, it is possible to estimate the average engine
power. The drop in capacity that is manifested through reduction of autonomy is shown in Table 2 as
an estimate of the capacity of a battery pack and of a particular cell.

Table 2. Battery pack capacity estimation based on PEDELEC average speed and range
Percentage of
initial battery

PEDELEC | Operating | Battery pack Average | Cell capacity
range (km) time (h) capacity (Ah) | power (W) (mAh)

capacity
40 1.75 9.00 185 2250 100
15 0.66 3.38 185 844 38
7 0.31 1.58 185 394 18

CONCLUSION

Batteries are the basic element of electro-mobility. With the launch of the Li-lon battery on the
market, the intense development of various forms of electric vehicles begins. For the needs of electric
bicycles, PEDELEC especially, various battery packs are developed based on standard 18650 cells. In
order to achieve the necessary voltage, the battery cells are put in series. Battery capacity increases by
joining individual cells in parallel. The difference in characteristics and the need for voltage control,
require BMS in each battery pack. BMS controls the voltage of an individual cell in the serial
connection so that there is no overcharge and fire. Manufacturers declare battery life over the number
of charging and discharging cycles. The number of the lifecycle for Li-lon battery is 1000. Under
realistic conditions of exploitation, battery life is 4 years. Based on two practical examples, the
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charging number is estimated to be from 120 to 200. Main cause of the deviation from the
manufacturer's reference is the temperature regime of exploitation and charging. Temperatures that are
during charging process higher form standard testing temperature, significantly short the battery life
cycle. On analyzed batteries, we can see that the capacity drops by an average of 20 % per year and
the end of battery use occur suddenly. Infrared thermography, as an NDT method, can help to detect
the inhomogeneity of the thermal pattern which is a consequence of uneven aging of individual cells in
the battery pack.
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Abstract: Tools steels through the mankind history have played a crucial role in various production methods,
either in cutting or deforming processes. All types of tool steels were produced on a classical manner by: casting,
deforming, turning and/or milling, heat treating and finaly grinding. In past decades new shedule is appeared for
production of tool steels, which is based on powder metallurgy and sintering.

Some alloying elements, which present in tool steels offer advantages in improving the tool characteristics such
as vanadium or others, are very chemical active, it means that they easily react with oxygen, nitrogen or carbon,
so that alloying of steel on classical manner shows a lot of limitations. If elements to be added into steel were
produced by powder metallurgy methods, after that they are mixed, following by compacting and sintering, so
many of those tools become more attractive for usage. The comparison of possibility for producing on such
shedule by using a microsopic view is, however, reasonable method for better understanding why the new
method posses an advantage over classical production methods. Here will be analysed steel samples obtained by
conventional production methods and by powder metallurgy method, of course with the same nominal chemical
composition of used samples.

Key words: tool steel, classical production methods, powder metallurgy&sintering, microstructure

INTRODUCTION

New production methods of high speed tool steels by using powder metallurgy (P/M) and sintering
methods have shown some improved properties in comparison to conventional ingot metallurgy (1/M),
but many aspects of such production&products still are not well known both to tool designers or tool
consumers. Many of tool steel grades are renewed, approximately obout 60% of total steel number is
changed just in last two decades. It is clear that many (dis)advatages of proposed shedule production
require more detailed investigations/inforNew production methods by using powder metallurgy and
sintering methods have shown some improved properties of such obtained high speed tool steels, but
they still are not well known to many tool designers or tool consumers. Many of tool steel grades are
renewed, approximately obout 60% of total steel number is changed just in last two decades. It is clear
that many (dis)advatages require more detailed investigations or informations.

Conventional production of tool steels, including high speed steels, over decades (rather could be said
during centuries) is provided on next shedule: melting, alloying, casting, forging/rolling, cutting by
milling/turning, than heat treting and finely grinding. For tools with complex geometry this shedule
commonly is favorable, but there are tool products for whom the P/M becomes more favorable. This
statement is dedicated to the speccialy alloyed tool steel: addition of some reactive and alloying
elements (such as vanadium, titanium, niobium, boron, etc.) posses such chemical and metallurgical
properties that during melting/refining and alloying they easily made oxides, carbides, borides or
nitrides. Those compounds after solidification of melted steel are distributed at grain borders, making
a steel more brittle. Such problems could be markable avoided in P/M methods: powders of desired
metals or nonmetals firstly are mixing, than pressing and undergo to sintering. In P/M production
schedule making of brittle oxides, carbides, nitride, or borides could be avoided in a large scale. After
1960" many efforts have made in P/M producing.

Some of here mentioned facts pretty well may be registered by optical microscopy, that will be a goal
in this paper. The microstructures presented here are not purely for academic discusion.
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MATERIAL AND METHODS

Tool steels

No doubt that tools generally are highly loaded from all of other elements or components in entire
mechanical engineering. This is a main reason that for long servicing, the tool must be carefully
designed, used qualitative alloying elements and production method(s).

Tool steels are a pretty large group of steels. Almost of them must possess high hardness, good wear
resistance, thermal stability, etc. [7,8]. According to their chemical composition they may have been
(high) carbon or alloyed steels (usually with molibdenum, wolfram aand other high-temperature
melted metals). A relatively novel group of tool steels are those made with addition of nonmetal
powders, mainly those from a group of interstitial elements, as like boron, etc. Practically, tool steel
are regarded as steels for making dies (either for cold or hot deformation) or cutting tools (most known
from this group is high speed steel), etc.

Main shedule for producing different kinds of tool steels is ingot metalurgy, Fig. 1. Every production
starts with melting (it includes also refining, alloying or degassing ), after obtained as casted products
they are shaped [5-11], by any of deformation processes (in hot or cold state).

Melt Hot Work Cold Work

AOD Press Peel
[}

Grind

Cold Roll pr—— ]

F~igure 1. Typical shedule for producing different kinds of tool steels by ingot metalurgy

By this shedule are not shown intermediate heat treating annealing(s). During melting, the
concentrations of gases are rapidly increased and stayed in solidified steel. One diagram which shows
the nature of commonly gasses distributed in iron as a function of temperature is shown in Fig. 2a).
During cooling of melted&alloyed steel many gasses will be liberated [2,3,11], Fig. 2b).
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For quality tool steel this kind of treating was not enough, so the double or even triple remelted should

be provided for obtaining an ingot, Fig. 3.
c)

Figure 3. Scheme for triple remelting of tool steel: a) vacuum induction melting (VIM), b) electroslag
refining (ESR) and c) ESR in vacuum

W

a) b)

After such treating is applyied, the amount of absorbed gases and non-metallic inclusion are
dramatically decreased. It means that tool steels properties will be satisfactory improved. The next step
in ingot metallurgy shedule is deforming, one kind is shown in Fig. 4a)

Figure 4. Hot rolling of a bar from tool steel a) and principal shapes of I/M tool steel semiproducts b)
Assortiment of semifinal tool products usually is versatile, Fig. 4b).

Powder metallurgy and sintering methods

The shape of powder particles (grains), i.e. morphology of powder [2,5-7], may be different, Figure 5,

depending to the production method. Irregular, dendrite like, particles are less desirable than spherical,
neither from metals, carbides, nitrides, etc .
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Figure 5. Two examples of typical powder grains: a) irregular and b) spherical; SEM images

Production and sintering of powder(s), either from metal or nonmetal, in its nature always is complex,
Fig. 6, so this production is not profitable for cheep components.

Pressing

Isostatic pressing
Atomization Rolling
Reduction Extrusion Atmospere
Electrolytic desposition Injection Molding Vacuum
Carbonyls
Mechanical Alloying T T

o o ‘ ‘ : wmﬂ
Powders p—t I'l 'l"ﬂ" ?

|

Additives
Lubricants Coining
Forging
Machining
Heat treating
l Impregnation
Isostatic pressing Intitration
Plating

Figure 6. Technological shedule for production of P/M components
Of course that every step in this proces is important.
Pressing
Produced powders are mixing and next obvious operation is filling a die hole. For fullfilling a die hole,
the shape of powder particles is of importance, and from that reason for tool making is better spherical

than dendritic shape. After fullfilling a die hole is complited, next operation is pressing (compacting),
and this operations consists from few steps, as shown in Fig. 7.
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Figure 7. Principal steps in die filling and pressing for obtaining a compacted raw part

In passed period, even now, the pressing is provided at room temperature, so called cold pressing, by
applying pressure usually in range 3-5t/cm?. Pressing the components of simple geometry, as a
polyhedral or similar form, is not a problem while for complex geometry becomes less feasible.
Compacted components always posses quite small values of toughnes, strength (,,green strength®) or
hardness, so after cold pressing those components obviously are going to sintering, when mentioned
properties remarkably are increased.

Sintering
Sintering is a typical heat treating process in which the high working temperatures play an important

role: at high temperatures the diffusion is emphasized [9-11] and powder particles became more dense.
Macroscopic view of powder particles (=5um) before sintering is shown in Fig. 8a).

. 4 a) \ L - i e L b)
Figure 8. Powder particles before pressing a), and tree stages of reduced porosity (black areas) b)

During sintering the particles are ,,joining®, either this process is providing in a solid state, when the
porosity between them markably is decreased, as shown in tree stages in Fig. 8b). Pores are, generally,
one of the greatest problem in obtaining a dense product by P/M methods.

As the sintering temperatures always are high, for steel in range 1100°C — 1300 (1400)°C, than present
particles of (non)metals became more reactive, so they may oxidize. Oxides into such steels have the
negative influence on joining particles during sintering process and later to the properties of such
product [1-7]. It is clear that protective atmosphere should be applyied. The vacuum furnace is the best
solution for avoiding an oxidizing atmosphere.

Furnaces used for sintering in their design may exist as chamber or continuous (commonly bell type),
almost in protective atmosphere.
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Hot isostatic pressing

It was shown that pressing at elevated temperature is more beneficial, because at the same time both
pressing and sintering process are provided. This treatment is known as Hot Isostatic Pressing - HIP.
For heating up of powders to be pressed and sintered, many methods were developed [12-17], but one
of the advanced is by using a plasma, Fig. 9.

Pyrometer/
Thermocouple

|
Pistons SICRDES

~~ _ Graphite
' | Mold
Hydraulic Egm Pyrometer/
Groupel S hpdE ] Thermocouple
. Coll

“Electrode ™ Vacuum
chamber

Figure 9. Principal scheme of hot isostatic presing and sintering in vaccum with pulsed plasma

Graphite mold serves for ensuring the reducing atmosphere, in which is provided pressing and
sintering, and for lowering the reactivity of some metals [12-15]. The pulsed DC current offers
advatages than constant current suppplying for heating up of powder(s) to be sintered. It means that
when pulsed DC current is used, than is a need for lower pressure during compacting in comparison
to compacting at room temperature. Also, the amounts of pores are decreasing when pulsed current is
used. All elements in such production are positioned in a vacuum chamber. The entire system still is
expensive, so may be used only for precious components.

RESULTS AND DISCUSSION

There is no markable difference in hardness values between I/M and P/M products, for high speed
steels those values commonly are in range 62-65HRC. Principal characteristics of as casted high speed
steel is in great liquation (infomogeneos) and also in distribution of alloying elements and appropriate
carbides [2,3,16]. By metal working processes, followed with heat treating (a kind of annealing), the
degree of inhomogenity will be lowered, but not fully disappeared.

Microstructures of I/M and P/M tool steel

The most visible diference between 1/M and P/M products could be seen just in their microstructures
[7-10], one example is shown for one tool made of high speed steel, Fig. 10. Carbides, white phase at
Fig. 10a), still are large (up to 50um or more), although they are elongated and deformed in the
direction of deformation. Carbide phase in sintered powder, Fig. 10b), is much smaller than carbides
produced by conventional production methods.
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b)

Figure 10. Microstructures of same high speed steel M3/2produced by: a) conventional melting and
deforming and b) powder materials, x100

When mixing of powders is provided well, the obtained microstructure, Fig. 10b), is without large
carbide phase. Higher sintering temperatures may have influence on appearing the large grains. The
amount of carbides and their distribution, of course, markably influences on finished tool
charasteristics, first of all on impact toughness, and however on tool servicing life.

P/M production methods are more expensive than conventional I/M methods, but available for special
kinds of tool steels. Pores are still the large problem in P/M products.

CONLCUSIONS

Conventional methods (I/M) of tool steels production are pretty well developed, also their heat
treatment. There are some tool steels in which the alloying by using a reactive elements, as like
vanadium, niobium, etc, still represents the problem.

One usable solution is production the desired tool steel is in applying a powder metallurgy (P/M)
methods: powders of diferent (reactive) metals with carbides or nitrides may be mixed, pressed and
sintered, when conventional methods of steel melting are invalid. The microstructural monitoring, as a
method in controling both I/M and P/M tool products, clearly has shown the differences in shape and
kind of distributed phases, with special attention on carbides in high speed tool steel M3/2.
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Abstract: Manufacturing optimization is a crucial part of productivity increase. There is a large set of tools and
techniques that can contribute to manufacturing optimization. Now, the small and medium-sized enterprises
(SMEs) can be depicted as the cornerstone of economic stability and economic growth in developing countries
and in developed countries as well. In this paper, manufacturing optimization for higher productivity in SMEs is
addressed. The main idea was to thoroughly analyze literature in this domain and to develop a model for
manufacturing optimization. After a literature analysis, this present paper presents a generic, theoretical
manufacturing optimization model for achieving higher productivity. The model moderately contributes to the
existing body of literature and it can be used for future research in this domain.

Key words: manufacturing optimization, SMEs, reengineering, lean manufacturing, TQM

INTRODUCTION

Small and medium sized enterprises (SMESs) are considered to be the backbone of economic growth
[1]. Additionally, it was noted that SMEs can be observed as “incubators” of technological change,
advancement and innovation [2]. The flexibility and positive social impact of SMEs has a tremendous
value for every country and they provide employment opportunities and support for large scale
manufacturing companies [3]. In a turbulent and dynamic business environment companies have to
continuously improve in order to survive on the market and to establish a competitive market position
[4]. Over time, manufacturing SMEs have to consider optimizing their manufacturing processes in
order to reduce costs and increase productivity, thus increasing their competitive position on the
market. Similarly to large scale manufacturing companies, SMEs also have to consider the level of
sustainability of their manufacturing model. Sustainability can be achieved through thorough
evaluation, and through optimization of various products, processes on various levels of the
manufacturing model [5]. Manufacturing optimization can be conducted in various ways such as lean
manufacturing [6], business process reengineering (BPR) [D38], total quality management (TQM) [7],
six sigma [8] and other methods. Now, these methods further include various tools and techniques.
The approach to manufacturing optimization depends on the type of product, number of employees,
organizational structure and culture, and a large set of other business and performance metrics.
Therefore, it is not practical to address manufacturing optimization for specific products. A more
efficient way of manufacturing optimization is through generic approach that is applicable to a wide
range of SMEs, and to develop intricate, and specific actions of optimization internally. This would
include the identification of various processes, tasks, and other elements of the manufacturing system.
Furthermore, when it comes to manufacturing optimization, there is a large body of literature that
addresses a large number of case studies where manufacturing is optimized. For this paper, a few
dozen literature sources are studied with the idea to provide a good basis for future research in this
domain.

In this paper a theoretical model for manufacturing optimization in SMEs is developed. The main idea
was to develop a generic model that could be customized for the needs of specific SMEs. The
optimization methods such as business process reengineering, lean manufacturing, six sigma, total
guality management, kaizen and other tools and techniques are analyzed. The paper has two main
sections. The first section analyzes the mentioned optimization methods. The second section presents
the proposed model for manufacturing optimization. Finally, conclusions are drawn and future
research is discussed.
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PROCESS OPTIMIZATIO METHODS

Business process reengineering

Business process reengineering (BPR) can be viewed as a radical and overall thorough change of
various processes in the company and a drastic change of the workflow design with the goal to achieve
higher business performance including reduced costs, increased productivity, higher quality, and better
service [9]. The main critical success factors when it comes to business process reengineering are top
management commitment and support, collaborative working environment, employee training, IT
infrastructure, organizational culture, adequate financial and other resources, and a decrease in the
bureaucratic structure [10]. If implemented correctly, BPR could dramatically enhance the business
performance of SMEs [10]. Competitiveness of SMEs and other companies in general, refers to the
ability to adequately manage resources, knowledge, competencies and adapting faster and more
effectively to market changes compared to the competition. Thus the main triggers for conducting
BPR are external pressure from competitors, managing change, acquisitions, and the overall need to
reduce costs [11]. Why is BPR important for SMEs and manufacturing optimization? Is it not too
radical and expensive? Well, this approach brings a lot of risk, thus it is important to address all the
possibilities before engaging with BPR. It is inevitable that BPR and performance measurement affect
manufacturing strategies [12]. It can be concluded that BPR should be conducted only when other
methods can’t improve business performance. It is a complex method, thus it requires a lot of
resources [13].

Lean manufacturing, six sigma and lean six sigma

In order for companies to remain competitive on dynamic markets, it is not enough to develop good
products and services, but also they have to improve and enhance their manufacturing system [14].
SMEs are often challenged by the lack of necessary knowledge that would improve overall business
performance. Now, lean manufacturing should be implemented in accordance with the need of these
SMEs [6]. Lean manufacturing can be viewed as a set of tools, and principles, as a philosophy, an
approach or a system where the main goal is to reduce waste and unnecessary work during the
manufacturing process [15]. Lean manufacturing focuses on waste that includes: waste of unnecessary
motion, transportation, processing, inventory, defects, and underutilized people. These have to be
taken into consideration when lean manufacturing implementation is conducted [16]. Lean
manufacturing has the potential to drive up value of products, thus ensuring continuous improvement
of the company’s market position. Lean manufacturing is often depicted as a way of thinking that
nourishes a culture that supports continuous improvements of various processes in the
organization [17].

Six sigma is a structured method that integrates and uses statistical methods to dramatically decrease
defect products or services from a customers’ point of view [18]. Six sigma has a quality goal of 3.4
defects per million opportunities/products (DPMO) [18]. Now, it was mentioned that SMEs operate
under a lot of pressure that comes from financial and non-financial constraints [19]. Six sigma can’t be
applied to SMEs in a way that large scale manufacturing companies apply it. Changes have to be made
in order to successfully apply the six sigma method in SMEs. This is achieved through data driven
decision making, optimum manufacturing parameter settings, employee training, advanced statistical
tools, critical quality issue identification, competitive awareness and effective management [19]. It is
interesting to note that six sigma has a more positive impact on performance in ISO certified
companies [20]. A pre-existing quality management system is certainly a good basis for six sigma
implementation.

Lean six sigma utilizes both lean manufacturing and six sigma. Through lean management waste is
reduced, and six sigma reduces the number of defect products. This leads to dramatic cost reduction,
higher productivity and overall improved business performance [21]. Some of the main critical success
factors of lean six sigma in SMEs are employee training; management involvement, commitment and
support; customer orientation and customer satisfaction; project prioritization; leadership; cultural
change; understanding lean six sigma; process management; product design; employee satisfaction;
employee reward; inventory control; and communication of information [22]. Next, the Kaizen
approach will be discussed.
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Kaizen

Kaizen (from two Japanese words “Kai” meaning change and “Zen” meaning good/improvement) can
be defined as an approach towards continuous improvements in terms of productivity, costs and
quality [23]. The changes that occur under Kaizen are not necessarily drastic, but rather incremental
and continuous. Further, the Kaizen management approach includes principles and values, and
techniques that fall under the Kaizen ‘“umbrella”. These principles and values are employee
participation; focus on processes; maintenance and improvement; top management commitment;
experimentation and observation skills; and discipline. The used techniques are total productive
maintenance; total quality control; automation; Kanban; just-in-time; total flow management; zero
defects; and quality control circle [24]. It is evident that Kaizen includes a large variety of techniques
and tools. Thus using Kaizen in SMEs requires identifying the processes, procedures and skills of
employees and take small steps towards improvement. Kaizen is also used as tool in the lean
manufacturing approach.

Total quality management

Total quality management (TQM) can be viewed as a management practice that focuses on improving
the quality of products and/or services. There are seven main categories of TQM practices. These are
strategic planning; leadership; human resource management (HRM); customer focus; process
management; information and analysis; and supplier management [25]. There is evidence of a strong,
positive relationship between TQM practices and SME organizational performance. However, the
positive effects of TQM practices on financial performance in SMEs is weak [26]. Furthermore, when
it comes to TQM implementation, it is important to note that TQM practices can have a significant a
negative effect on role stressors (when employees are uncertain about their tasks, responsibilities and
duties in the company). Therefore, it is necessary to clearly define the tasks, processes,
responsibilities, and duties of every employee during and after the TQM implementation process [27].
The objective of TQM is to manage processes that focus on effectiveness and business performance
[28]. In this case business performance includes financial performance (market share, profitability,
return of investments etc.) and operational performance (product quality, inventory performance, and
customer satisfaction). For SMEs, TQM could be considered as a management tool that facilitates the
improvement of organizational performance in a dynamic environment [29]. Certainly, it can be seen
that TQM practices can bring improvement to SMEs.

Other tools and techniques of manufacturing process improvement

Some of the tools for manufacturing process optimization may include mind maps [30],
Fishbone/lshikawa diagram [31], DMAIC (define, measure, analyze, improve and control) [32][33],
principle of 5S, PDCA (plan-do-check-act/adjust) [32][34], Pareto charts [35], value stream mapping,
particle swarm optimization [D5], data mining driven manufacturing optimization [36], supply chain,
employee scheduling, gantograms and other. Evidently, there is a wide variety of tools and techniques
that can be used for manufacturing optimization. However, not every tool is adequate for every SME,
and it is necessary to address specific characteristics of a specific SME in order to use the right tool
and technique to optimize the manufacturing process. In the next section, a theoretical model for
manufacturing optimization and improvement is presented.

A MODEL FOR MANUFACTURING OPTIMIZATION AND IMPROVEMENT

The theoretical model for manufacturing optimization is based on studies conducted in the domain of
SME manufacturing, business process and manufacturing process improvement, and overall
optimization of manufacturing systems. There are various models of manufacturing systems, therefore
the presented model is generic in nature and it should be viewed as a framework that requires specific
customization in order to be suitable for a specific manufacturing system. The model is depicted on
Figure 1.
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The model for manufacturing optimization and improvement is depicted through an example of a
simple production line. Several procedures are labeled with numbers from 1 to 12. The detailed

explanations for these labels are given in Table 1.

Table 1. Label description

# | Description

Description

1 | Production line. In this case it represents a | 7

generic production line which from start to finish
includes the following elements:

- Raw material (materials
necessary to create a product);

- Sorting (sorting the raw material and
preparing it for the assembly process);

- Assembly (this can also include
production of parts from raw materials
that are part of the product. It is
depicted as the core of the production
line as this is where the products are
created);

- Control (at this point quality control is
conducted);

- Packing (the products are packed and
prepared for storage);

- Storage (when the products are stored,
additional quality control is conducted).

that are

Analysis, evaluation, and correction refer to the
data from the feedback. That data is processed
and analyzed thoroughly. The weak points of the
production line are evaluated, and necessary
corrections are conducted. Here, a fishbone
(Ishikawa) diagram may be helpful.

This step is similar to the feedback loop, thus it
repeats itself in accordance with the objectives
of the production/manufacturing line. Similar to
the feedback, this element of the optimization
process also plays a crucial role.
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Production line border. Within this border the | 8 | Data collection, calibration, and optimization.

generic production/manufacturing process is Here, the data collection process involves the

conducted.  Additionally, employees (E), already analyzed data from the feedback and

machines (M) and time necessary to complete a from the time management module. Calibration

task (t) are included. is used to clearly define some of the
manufacturing elements before optimization.
The main optimization process may include
incremental improvements to certain employee
movements, robotic arm movements, time
delays between raw material insertion, storage
speed and inventory organization, or it can
involve drastic changes (BPR) to the whole
manufacturing process. This is all based on the
feedback data, and the optimization has to be in-
sync with the main objectives of the business
strategy.

The dashed line represents the flow of | 9 | Control charts are a great tool to for quality

information and communication in the control. However, there may be other tools that

manufacturing process. This also includes could be used such as histograms, scatter

feedback of information. diagrams, flow charts, statistical sampling etc.

The information and communication flow | 10 | Here, the load of employees and machines are

includes data/information about: raw material measured, and that data is used to optimize

type; raw material quantity; employee work future workload. Additionally, peak loads,

load; machine workload; information about time, delays and bottlenecks are also addressed. This

raw material and defect waste; control charts; way if there are issues in the production line,

packaging; storage/inventory; schedules; quota they can be fixed in an adequate manner.

status; number of pre-packaging and post-

packaging product defects.

Feedback is a crucial part of the optimization | 11 | Planning, scheduling and training activities in

process. The feedback provides the necessary this case, are referred to employees. Planning

data through which the manufacturing process is and scheduling is an efficient way to address

optimized. As mentioned in the literature review, bottlenecks, and delay in the manufacturing

the optimization can be quality oriented (TQM, system. Training activities can increase

Six sigma, ISO 9000 etc.); continuous productivity, and reduce overall production

improvement oriented (Kaizen); minimum waste costs.

oriented (lean manufacturing) or oriented

towards an increase in overall business

performance.

Time waste management. The time necessary to | 12 | The implementation process includes the

complete certain task is addressed. Before the execution of the defined changes to certain

data collection, time has to be managed in elements of the production line with a goal to

clearly defined by steps. This means that there is achieve desired levels of productivity and

overall time (t,) for a production cycle that workflow.

consists of time necessary to complete a specific

action on the production line (raw material-ts;

sorting-tz;... storage-tg). Further, these can be

sub defined. For example, assembly time is ts,

employee time to complete the assembly task is

tse, machine time to complete assembly task is

tsm. Depending on the complexity of the

optimization algorithm, the time for a certain

task is defined accordingly. Therefore, time

waste management keeps track of these times

and includes them into the optimization

algorithm.

Furthermore, a simple algorithm that depicts a potential optimization process at the assembly module
is developed. This algorithm is shown on Figure 2.
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Figure 2. An optimization algorithm for the assembly module

The algorithm depicts the elements in the optimization process that include employees, machines, and
the time allocated for specific tasks. For the model and algorithm development process, credible
literature sources were used [37], [38]. The optimization algorithm, similarly to the optimization
model, is generic in nature, and in practice these can be far more complex.

CONCLUSION

Based on the conducted research in the domain of manufacturing optimization, it can be concluded
that there is a vast amount of methods, techniques and tools which can be used to optimize
manufacturing systems. When it comes to SMEs, manufacturing optimization differs compared to
large-scale manufacturing. Therefore, it is necessary to address all the factors that may affect
productivity, costs, waste and other optimization parameters. In this paper a theoretical model for
manufacturing optimization and improvement is shown. Additionally, an algorithm for optimization
which is based on the model is depicted. The approach in this research is focused on pointing out the
potential solutions when it comes to optimizing and improving the manufacturing process. In order to
implement the proposed model it is necessary to specify the manufacturing parameters such as
allocated manufacturing time for each process, number of employees, number of procedures, number
of products manufactured, etc. The algorithm includes only the assembly module. This way the
optimization approach can be more precisely depicted.

It can be noted that this paper has a moderate contribution to the existing body literature in the domain
of manufacturing optimization in SMEs. The main limitation of this paper is the generic framework of
the proposed models. For future research it is recommended to develop a more complex model that
includes more modules in the production line, thus providing a wider range of possible practical
applications. Additionally, existing optimization models should be addressed and analyzed thoroughly.
This paper provides a good basis for this future research.
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Abstract: In this paper, we explained the concepts of industrial engineering, the ecological aspect of water
treatment and the systems for wastewater purification. The goal of introducing the automation of the process of
processing and purifying water is to make as many functions of the technical process as possible in an
economically acceptable manner. SCADA is a system for measuring, monitoring and controlling industrial
systems in different fields. This paper presents the SCADA application in the control of technological processes
in water treatment. The advantages of using the described SCADA application represented in this paper showed
increasing the safety of employees, the accuracy of the water treatment process within the given parameters and
the economy of the automated industrial water process.

KeyWords: industrial engineering, water treatment process, SCADA, ecology.

INTRODUCTION

The rapid increase in human activities and the industrial revolution have led to an increase in energy
production and consumption of natural resources [13], [16]. At the same time, the increase in
production levels and increased energy consumption significantly disturbs the ecological factor and
the natural balance [1], [2]. Consumption of large quantities of natural resources creates enormous
amounts of waste and pollution. New technologies often result in greater consumption of natural
resources [2]. Industrial engineering explores the principles of design, organization and management
of production processes and systems [13]. Industrial engineering finds a way to conduct analysis and
to improve the segments of production activities or the production system as a whole, especially from
the aspect of technical efficiency [16]. Industrial engineering finds application of modern methods and
approaches for the purpose of planning and optimizing the process already at the stage of designing
production systems [13], [16].

Environmental technology envirotech or greentech or cleantech is the application of environmental
science and green chemistry to preserve the natural environment and resources [8], [14], [15], [16].
Sustainable engineering is a process of using energy and resources at a rate that does not endanger the
natural environment [16]. Water is a necessary raw material in industrial production, energy, food
industry, utility needs and all other production processes. The most demand for cleanliness of water is
set by the food industry as well as utility systems for supplying citizens with drinking water [8], [16].
All of the raw water treatment processes are of great importance, solid suspended, organic and
inorganic chemical components, bacteria and chemicals that give a bad taste and smell [8], [11], [14],
[15]. Due to high raw water treatment costs, suitable technologies must be combined in the best way to
strike a balance between price and water quality obtained.

SCADA (Supervisory Control And Data Acquisition) applications in industrial systems is the highest
quality, but a costly solution. SCADA systems have wide application in the management and
monitoring of the operation of industrial plants and equipment in telecommunications, energy,
wastwater systems and other fields [3], [4]. SCADA represents a system for monitoring, monitoring,
archiving and control of industrial systems with parameter display, with the availability and reliability
of such a system at a high level [6], [7]. These systems include a wide range of equipment, subsystems
and technical solutions that enable the collection and processing of process data, and responding in an
adequate optimal way. Process management can be automated or initiated by the operator. In the field
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of treatment, water can be used from simple monitoring of flow, pressure, residuals, to complex
monitoring and control of technological processes of water disinfection [1], [2], [3].

MATERIAL AND METHODS

The paper presents an example of the application of the SCADA system used in water supply systems
[31, [4], [6], [7]. For this purpose, the Wonderware InTouch software package can be used [18]. The
most common relay system is built up through two SCADA configurations [10], [12]. The first
application is introduced by PLCs (Programmable Logic Controllers), with a proposed TCP/IP
(Transmission Control Protocol/Internet Protocol) protocol based communication connection [5], [9],
[17]. This application uses a simple signaling and alarm system and simplifies process management
through increased functionality and productivity. On this application it is necessary to perform a clear
signalization of the condition of the equipment as well as an alarm signal indicating when the process
does not meet the nominal working conditions.The three components of the SCADA system are:
multiple remote terminal units PLC master station and HMI (Human-Machine Interface) computer and
communications infrastructure. Master station refers to servers, to software for communicating with
equipment, and to HMI software running on one or more computers in the control room. In smaller
SCADA systems, the main station can be only one PC, while in larger SCADA systems, the main
station can consist of multiple servers and distributed software applications. Depending on the chosen
configuration, the communication infrastructure is selected. This involves the choice of signal levels
for transmitting data from the encoder to PLCs as well as linking the PLCs to the computer on which
the SCADA is installed [9]. The signal communication link is based on the TCP/IP protocol [5], [17].
The application of SCADA system offers a number of advantages: the existing installed equipment
can be used to expand the production capacity, the realized relay management scheme is retained, the
security is increased because the centralization is reduced (one computer runs the entire process, and
in the event of a failure it stops completely all parts of the process) there is a group of users of the
system trained to work with the Wonderware InTouch software package for SCADA system [6], [10],
[12], [18].

The simplest configuration of the SCADA system is reduced to a system that consists of one-way
switches, encoders, relays, etc. on the other hand, a PC that receives data through its acquisition card,
processes them, forms information about the controlled process, and determines management actions.
Simple structures include the configuration that is formed from one PLCs and PC with SCADA
system. With this SCADA system configuration, the introduction of a PLCs means the ability to
monitor / manage one other process from one computer. PLC device is placed in the control room, in
order to provide optimum operating conditions and receive information on the pressure, level and
position of the valve on the input module. It is also possible to use PLCs with digital input and output
module. InTouch is a software package that creates applications for SCADA systems. For the purposes
of this work, version 10.0 was used. Wonderware InTouch allows two trends to display the values of
the defined variables: real-time and history data [10].

SCADA system in plumbing systems

In cases where the water treatment plant is separated from the control center, it is possible that all
signals related to the basic process parameters will be brought from the automation to the master PLCs
with the touch screen operator panel and the control system connection. In this way, the user is
enabled to inspect the status of water treatment and chlorination systems and there is the possibility of
changing certain process parameters.

The remote touch screen panel are particularly practical in geographically diluted water systems is
shown in Fig. 1. The touch screen control panel is located on the front and has a sound indication of
touch. Over a dozen screen displays provide an optimal view of all the information necessary for
quality monitoring of the water treatment process, as well as a detailed system management procedure.
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Figure 1. Remote control panel for process automation

The control touch screen panels can be installed in the front door of the control electrical cabinets are
shown in Fig.2. The characteristics of the touch screen panels are: remote control of all process
parameters, remote control of the process of chlorination from the control room, data storage in the
cloud or other way of storing and storing process parameters (flow, residual, valve position, amount of
chlorine to be dosed, etc.), adjusting system parameters for process automation.

L | ‘ ‘ a
Figure 3. Electrical cabinet with touch screen
panels

The Fig. 4. shows the workflow automatically monitored to control the operation of the filter fields.
The flow meter signal reaches the PLCs at the command of the PLCs and the pump pumps and opens
the electromagnetic valve. The picture shows whether the pump is working, whether the valve is open
and how open is it, the flow rate on the flowmeter, the valve opening on the drain.

Figure 2. PLC with electrical cabinet
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Figure 4. Monitoring the operation of the filter fields via the SCADA
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The SCADA system involves a higher degree of automation of industrial processes used to collect
data from sensors and instruments located at remote stations, to transmit and display data at a central
station for the purpose of controlling or managing the process. The collected data is viewed on one or
more SCADA computers in the central control station. Analog signals that the SCADA system
monitors are levels, temperatures, pressures, flux or gas flows and engine speeds. Digital signals
controlled by the SCADA system are level switches, pressure switches, generator status, contact relay
status, etc. Data collection begins at PLCs level and includes reading of values and status of controlled
parameters. Data that is stored and monitored can be stored in the history to show trends. The SCADA
system implements a distributed database, called the tag database. Tag represents one input or output
value that is monitored or controlled by the system. HMI is a device that processes process data to an
operator and through which the operator controls the process. The graphical interface of the operator is
a set of graphic displays that represent the representation of the equipment being watched. The Fig. 5.
shows the technological process of the primary, secondary and tertiary water treatment system with
the equipment that the operator sees at the touch screens panel.
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Figure 5. Water pocessing technology sig SCADA |

Bottles with chlorine and dosing device must be placed in a separate room (chlorine station) with
forced ventilation, shower and drainage with sewage connection. On the outside of the chlorine station
there is a cabinet and a switch to turn on the fan. In the room, a free chlorine indicator is connected to
the alarm device (chlorine detector), which activates the neutralization system in the event of a
chlorine expiration. The floor in the chlorine station must be carried out with the fall towards the
drainage in the drain. As sensors for signaling the leakage of gas chlorine from the bottle, special
electrochemical probes that react to elevated chlorine concentration in the air are used, and the
electronic device includes a chlorine neutralization plant from the air. Chlorine neutralization is done
in two degrees. For smaller quantities of detected chlorine in the air, a chlorine bleeding fan is started.
The second phase involves the initial firing of the chlorine neutralization device from the air. The
ejector within the device compulsorily inserts contaminated air through a filler that discharges with the
neutralization fluid that is driven by the recirculation pump. In this forced circulation of polluted air
and neutralizing fluid, the neutralization of chlorine from the air is carried out. This process lasts until
the concentration of chlorine in the air drops below the given level. All activities record the PLCs
device and send it to the database server and auto-record. The PLCs enables data downloading and
data storage in addition to data transfer. Water entering the city water supply network should be
chlorinated continuously, in order to prevent secondary infections. The adjusted concentration is
independent of the amount of water flow, because the system automatically maintains a constant
concentration of active chlorine. Raw water is collected in wells. Well pumps water into the
precipitator. In the precipitator, physical impurities are deposited and aeration is performed. Water
meters are installed in the precipitator. Measurement level meters are level ultrasonic or float system.
When water is precipitated and reaches a certain level of water, the water is transferred to the
filtration. From the filter fields, water is pumped into the reservoirs via filter pumps. Disinfection of
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water is carried out in the reservoirs and sent via the water supply system to consumers. Operation of
well and filter pumps, water level measurement and automatic process control is performed by the
PLCs controller. Everything is controlled and monitored by the operator in the control room of the
water supply system. Special attention is paid if the parameters that deviate from the given parameters,
then the system reports an error and sends the alarm signals. In the plant and control room, signal
lights and sirens have come down. All employees who have the authorization to monitor and control
the value of SMS messages on mobile devices. A part of the automatic system for controlling water
parameters is a PLCs device with a touch screen where the parameters of operation are monitored. The
most important parameters whose measurement is monitored in the on-line mode are: chlorine in
water, humidity, temperature, pH value, flow, chlorine in the air, pump operation and chlorine
neutralization system as shown in the Fig.6.

Figure 6. Technological process of water treatment using SCADA

Chlorine is dosed with a vacuum system in the reservoir [8]. In the reservoir, after dosing and
disinfection of the chlorine volume measurement probe in the residual value, it sends the signal to a 4-
20mA PLCs controller that opens /closes the electromotor valve on the chlorine bottles. The dosing is
done by the flow of water by programming the chlorine dosing to the PLCs by the openness of the
electromotor valve. According to the standards it is desirable for water to go to consumers with a
concentration of chlorine in the residual 0,5 g / m3. Without the pump, the system could not function.
Two pumps are always installed. One working and one spare. One of the screens of the PLC device
provides information about their work. Which pump works, the number of hours of operation, the
number of turns.

In the context of increasing efficiency and safety, a chlorine-producing device is produced and it is
brought into the water network, by the process of chlorine production by electrolysis of salt. The
device consists of several components (electrode materials, relays, programmable logic controllers,
power supplies, sensor elements, converters, cooling systems, heat exchangers, dosing devices, etc.).
The production process is conditioned by the electrolysis of the saline solution as shown in Fig. 7. The
resulting sodium hypochlorite is subsequently dosed into the water network by the dosing system of
the pump.
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PROCES PROIZVODNJE

Figure 7. Process of chlorine production by electrolysis of salt

The advantages of using devices for obtaining active chlorine are: safe work for people and
environment during production, reduced production costs, easy maintenance, improvement of water
quality, reduced quantities of side products during disinfection, operation of the device does not
depend on the purchase of special chemicals, the cheapest disinfectant.

The communication system provides the transmission of information between remote stations and the
dispatch center [5]. Distant stations are independent microprocessor devices that provide
communication between measuring equipment, executive organs and central station. Measurement
equipment data is transmitted to the central station and from the central station the control commands
are transferred to the executive bodies. The remote station monitors the status of the process
equipment and signals the appropriate alarms. Remote stations are programmable logic controllers that
have application software, microprocessor and components to control the activation of a PLC device.
PLCs are specialized computers whose operating system allows simple and real-time processing of a
large number of data and send the obtained results to executives. Under a remote water supply facility,
a well, a tank, a shaft, a water-tower are understood.

Wireless data transfer from peripheral stations to a central unit can be done using a radio, wi-fi or
GPRS (General Packet Radio Service) connection [5]. For high-speed transmission, radio and wi-fi
connections require special conditions, primarily optical visibility. The new way of connecting is
realized today by GPRS connections that do not need to invest in infrastructure, because they use
existing communications, and data transfer using GPRS is fast, secure and accurate. The GPRS service
does not charge for the duration of the connection, but the amount of downloaded data. The Fig. 8.
shows the display of an electrical cabinet with a GPRS modem.

Figure 8. Electrical cabinet with a GPRS modem
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RESULTS AND DISCUSSION

Remote monitoring and management systems are widely used in all industries. It is necessary that a
communication link between the PLCs and one or more PCs is realized using a TCP /IP protocol and
thus provides the possibility of remote monitoring and management from anywhere in the world. You
need to know the IP address assigned to the controller and set up the communication server correctly.
Directions for further development of the application of SCADA systems in water supply systems are
the creation of a unique dissemination center from which data on the status of all processes in the
water supply will be available [6], [10], [12]. Contemporary data processing involves real-time data
collection and storage, and information on each control process parameter can be obtained at any time
from any location on the cloud storage. SCADA associated with automated processes enables the
graphical display of data on the screen, along with numerical values, in a format suitable for the
operator [6]. In addition to the graphical representation of the application's user interface, SCADA
system also allows display of certain alarms if some of the parameters go outside of the specified
range.

CONCLUSIONS

Benefits of automation through SCADA applications are: price-return of invested funds in the short
term, significantly lower maintenance costs, smaller interventions and costs in revitalizing or
reconstructing equipment and installations in water supply systems, simple expansion and replacement
of system elements, higher safety because workers withdraw from potentially dangerous working
conditions, rapid integration into existing parts of the system: databases and monitoring of resources
and monitoring the activities of system users and operators. Application of SCADA application with
GPRS data transfer is easier today because the coverage of the territory with the mobile network
provides a centralized communication system [17]. Communication cost is minimal because only the
amount of data transferred is charged. Communication is done only in groups that have secured access
to data. The SCADA system that is installed can be expanded. Each location within the system must
have a built-in GPRS modem, card and PC configuration. Each subsequent object to which the
existing system is expanded should have its own modem and card, without new purchases on the side
of the control computer. From all it can be concluded that the SCADA system can be upgraded and
upgraded and there are no restrictions in the software model, but it is important to meet all hardware
infrastructure conditions.
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Abstract: This paper presents a part of research results related to the behaviour of centrifugal pump shaft
assembly. The paper contains the research results of the main shaft assembly behaviour, whereby, due to the
limited space, the indicated results are only those which relate to the effect of the shaft static behaviour of the
considered structural solutions.

The analysis of the static behaviour is presented on the example of radial force effect to the pump shaft.
Database building for the pump shaft by applying a Catia software package will allow for the creation of a model
on which the various loads and constraints will be given, thus enabling the shortening of processing time and the
model analysis time.

Key words: modelling, assembly, graphical environment, surface modelling.

INTRODUCTION

Mechanical analysis as an integral segment of engineering analysis comprises the programme
procedures which allow the user, within the automatic mode, to perform the mechanical (static,
kinematic and dynamic) analysis of the observed models under the conditions which correspond to the
conditions of exploitaton. |In practice accepted programme systems for engineering analysis are based
on the finite elements method [1]. In CATIA programme package, finite elements method is applied
in Advanced Meshing Tools and Generative Structural Analysis. Advanced Meshing Tools application
selects and adjusts the finite elements mesh network to the required model. So you can choose
between the rectangular and trianglular elements which can be linear and parabolic. CATIA
programme package, besides the control of mesh quality has the special module for computing finite
elements deformation energy. Based on the obtained values of deformation energy we can determine
on which model point we can expect the highest deviations from the real amount of deformation i.e.
the strain within the observed structure. This evaluation is expressed in the form of a "map of
computational errors" which represent the scalar field of deformation energy error. Namely, here is
computed the reliability on the basis of which it is possible to give the evaluation of the global
reliability of the obtained solution. In the procedure of adaptive meshing or automatic mesh refining
of finite elements it is possible to evaluate the mesh validity on the basis of deformation energy
computation [1, 2].

To be sure that the strains obtained by the finite elements method are close to the real strains , two
analyses of the finite elements method will be performed. The first analysis is performed without
specifying the desired flows. As CATIA programme package has the possibility of specifying the
desired flows, in the second analysis we specify that the results obtained from CATIA deviates at the
most 6% from the results we could obtain by analytical method, what is actually mesh refinement
(adaptive analysis). The error of 6% is considered the sufficiently good result [2, 3].

MATERIAL AND METHOD OF OPERATION

Based on the analysis of CATIA programme package possibilities for a specific case it has been
concluded that the easiest way to perfom the modelling is by 360° rotation of the upper half profile of
axial section around the axis. In comparison with the actual shape of the shaft, the shaft modelling
was made in such a way that the chamfered edges, grooves, radius, cones, etc. were omitted, Fig.1.
However, in the later stage of finite elements mesh generation, some contours were grouped due to the
problems in computation, what would represent the finite simplification model, Fig.2. Based on it, the
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simplified profile in Fig.3 was obtained showing the coordinating points of given contour. In addition
to the defined contour points of shaft semi-section in coordinate system X and Y in Fig.3, the points
defining the shaft model are also defined [2, 3, 4, 5].
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Figure 1. The first simplified shaft view,with indicated values
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Figure 3. Characteristic points of profile upper half of shaft axial section

In order to implement the static analysis portal it is firstly necessary to make a model in environment
Part Design inside CATIA programme, where we created the described surface rotating by 360°,
whereat the same will be divided into 16 equal parts. To define macro command next to the name it is
compulsory to add the extension which, after macro start-up, is not to be entered.  Geometric
modelling is made by this command connection. For macro start-up it was necessary to mark ad-hoc
point on any work surface and after that to delete it. In Fig. 4 and 5, it is shown on CAD plotter of

shaft in 3 D model [2,3,4,5].

Figure 4. Volume model generated by semi-profile rotation around the axis of symmetry by
360° (simplification model without radius and grooves)
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il

Figure 5. Shaft model in 3D — shown on CAD plotter
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The model should have been simplified to facilitate the computer to compute the static analysis within
the shortest possible time. Static analysis portal is implemented in Generative Structural Analysis
environment enabling us to generate the mesh, to apply loads and constraints as well as to perform
static analysis by means of finite elements method. When entering Generative Structural Analysis
environment it is necessary to indicate the type and the value of mesh elements for the expressed
model, therewith the mesh refinement at the points where the highest strains are expected.

RESULTS AND RESEARCH

The results of the pump shaft behaviour analysis for all three load variants are shown in Fig. 6, 7, 8,9
and 10, 11, whereat the highest displacement of characteristic nodes and the highest characteristic
strains in characteristic sections are shown. Graphical part of outlet results presentation is the
illustration of equivalent strains distribution in elements of discretized model, then in the displacement
of nodes towards Y-axis, as well as deformation of discretized model elements.

The numerical values are given alongside with graphical display of strains and nodes displacement in
the shaft cross-section. The various ranges of strains and displaced nodes are indicated with various
colours. Blue colour for strains indicates the minimum values of equivalent strains, while the red
colour indicates the maximum values for given cases of load. For the displacement of nodes, the blue
colour indicates the maximum and the red colour the minimum values of nodes displacement [2, 3, 4,
5,6,7,8].

Figure 6. Strain distribution

Figure 7. Deformation
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Figure 9. Deflection

Due to the shaft load effect, the reaction forces occur on the supports and cause unequal strain
distribution. The shaft load causes the reaction on the support D; and strain increase at the support
point, as well as maximum increase of strain close to the support. Parameters and by this method test
results are shown below.

Components | Applied load Reaction Remainder | Relative error value
Fx (N) 0.0000e+000 | 5.3619e-008 | 5.3619e-008 4.1818e-012
Fy (N) 0.0000e+000 |-1.9151e-007 | -1.9151e-007 1.4936e-011
Fz (N) -1.3823e+004 | 1.3823e+004 | -2.2459e-007 1.7516e-011
Mx (Nm) 0.0000e+000 |-1.0818e-008 | -1.0818e-008 1.2113e-012
My (Nm) -3.7333e+002 | 3.7333e+002 | 3.1009e-008 3.4723e-012
Mz (Nm) 0.0000e+000 | -5.8020e-008 | -5.8020e-008 6.4968e-012

Figure 10. Strain distribution

Figure 11. Maximum strains at some points

Equivalent strains on the shaft exposed to the effect of twisting moment; view of the coupling position
and view of double-row bearing position

Research conducted in this paper gave the replies to some important questions related to this specific
problem.
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ANALYSIS OF RESEARCH RESULTS

From the stand point of equivalent strains in the first case of shaft load, maximum strain occurs in the
node 525 on the shaft surface of @85 mm and amounts t0 cew=13,29 MPa. The strains of lower
intensity are recorded on both sides, at shaft change-over from @95 to @85 in the node 6836 the
recorded strain is cexv=7,91 MPa. On the shaft surface @70 at the point of turbine vanes the maximum
strain is recorded in the node 1220 and amounts to cew=0,24 MPa. The strains in the position of
annular single-row ball bearing range from cew=3,44-1,27 MPa, and the same ultimate strains occur in
nodes 926 resp. 1446.

The node 1009 was displaced to the greatest extent under the effect of impeller for the value of -0,0134
mm.
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Figure 12. Shaft load layout

Under the effect of radial force on the shaft surface of @95 mm between two bearings the greatest
equivalent strain of ce=3,91 MPa was recorded in the node 978.

The displacement of nodes in case of twisting moment effect to the shaft at the position of coupling
was not recorded.

In case of load, the maximum strain amounted to 13,29 MPa. On the basis of the obtained results it can
be concluded that no unpermissible load conditions occurred in any of the characteristic sections of the
observed shaft or in any case of load, since the obtained equivalent strains in the most critical sections
are far less than the limit of flow which for the observed material amounts to 335 MPa.

Based on the research results of the shaft static behaviour and strain in various cross-sections by the
application of CATIA V5 programme it can be concluded that the work and simulation load values of
the analyzed shaft will not affect the deteriotation of condition and reduction in service life both for
the bearings and the shaft.

CONCLUSION

The basic objective of the shaft static behaviour testing by the application of Generative Structural
Analysis (Catia) programme system was to determine the shaft static stiffness, since this is the value
which directly affects the complete pump operation.

By analyzing the research results, it was concluded that the largest displacement of nodes under the
effect of radial force amounted to cew=3,91 MPa and was recorded on the node 978 and as such could
not affect the shaft deformation. Maximum strain was 13,29 Mpa on the basis of which can be
concluded that according to expectations no occurrence of unpermissible strain conditions was
recorded in any of the characteristic sections of the observed shaft, since the obtained equivalent
strains even in the most critical sections are far less than the permissible strains which for the observed
shaft material amount to ~600 Mpa.
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Abstract: Modern engineering and construction in mechanical engineering, civil engineering, architecture,
traffic and electrical engineering is a complex task, which is today, in vast amount, supported by computer
oriented technology methods. The calculation of dimensions of components is completed using existing formulas
according to air pressure and material characteristics. Stress simulation is performed in SolidWorks program on
3D model, which is previously created in the same program. After that, the Factor of safety for pressure vessel
assembly is simulated and calculated, with analysis of simulation results.

Key words: compressed air tank engineering, CAD, FEA, simulation

INTRODUCTION

Design process begins with an idea to create a new product, and most of the time it finishes with a
prototype testing. A modern constructor aim is to create a virtual, computer supported prototype which
can be analyzed. [1]

Experiments, mathematic modeling and simulations are the most powerful engineering tools today. [2]
Finite element analysis - FEA could be applied in very complex mechanical and architecture shapes.
The basic idea of FEA is splitting the continuous mass of 2D or 3D model to discrete (finite) elements.
[3,4,5].

SolidWorks simulation is able to convert a 3D component into triangle or tetrahedron or trihedron
elements of the mesh (fig 1.)

This study will show calculation of pressure vessel, creating a 3D model of it, and FEA analysis in
SolidWorks.

)\ EERIEETE
Figure 1. 3D mesh

MATERIAL AND METHODS

Pressure Vessel design

Stable pressure vessels are the ones which do not change the place from filling to disposing, under
conditions:

p >1 [bar]
p -V >0.3 [bar - m%] [6,7]
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Stable pressure vessels are mostly made in cylindrical or spherical shape. In this case, a horizontal,
spherical shape with is analyzed. A drawing of pressure vessel assembly with parts and dimensions is

shown on figure 2. [8, 10]

80

SECTIOM A-A
SCALE1:25

Figure. 2. Assembly drawing [9]

Using ,,Product / PhotoView* tool, it is possible to add materials, lighting and shadows on the existing
model, and finally get a photorealistic model of air pressure vessel (fig. 3).

Figure 3. Rendering of air pressure vessel [9]

FEA simulation

In this case, the result depends on many parameters: Thickness of components, total vessel weight, air
pressure inside the vessel, weldings etc. Using FEA on each of those parts in assembly it is possible to

define the pressure and strain and deforming points.
The aim of this simulation is a reliable product, and FEA is efficient to shorten a way from thinking to

the final product.
Materials for the simulation are applied from the drop-down list, where construction steel (S235 JR
G2) is chosen (fig. 4). Welds are defined using option ,,Edge weld* between two faces and defining

weld characteristics. (fig. 5).
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AP0

Figure 5. Edge weld

The next task is to define fixed geometry and surfaces on which the air pressure is applied. It can be
selected in section view. After that external loads are applied (Pressure), in this case, the maximum
working pressure of the vessel: 10 [bar], or 1 [MPa]. There is also a gravity force to be applied on the
model, which is also important.

Creating mesh is the next step. Size of the mesh can be adjusted, and it depends on parts size and
complexity (fig. 6.).

Figure 6. Mesh on air pressure vessel model [9]

After the simulation is finished according to given parameters, a loaded model appears on the screen.

Colors are showing the level of stress, where the blue is the lowest, and red color is the highest stress
(fig. 7).
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For the steel used in this simulation, yield strength is 235 [N/mm?], and it is rounded on the fig.7. It is
visible that all components are below yellow color, which means that the assembly can resist pressure
and other applied forces.

von Mises (N/m"2)
2253819200
206,603,088.0

=% =

_ 187,824 256.0

- 169,045 408.0
_ 150,266 576.0
_ 131487.736.0
L 112,708 ,896.0
_ 93,930,084.0
L 75,151,240

. 663723840

37 593,548.0
188147100
358713

J-» viel strengin: 235 po0,0000

Figure 7. Model after the simulation [9]
Factor of safety

Factor of Safety (FOS) for the given forces is calculated as the next step. All segments of the assembly
that are safe are light blue, while the non-safe segments are red. In this case, model is completely blue
which means that it is completely safe (fig. 8).

Max voe Mises Stess

100

100
100

100

Figure 8. Factor of safety [9]
In the next table are presented forces and model displacement, as a result of applied forces.

Table 1. Results

Name Type Min Max

Stress1 VON: von 249.579 N/m? | 2.23248e+008 N/m?
Mises Stress Node: Node:56041

66508

Name Type Min Max

Displacement | URES: 0 mm 2.17545 mm
Resultant Node: Node: 626
Displacement 46858
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CONCLUSION

With computer-powered simulation it is possible to get relevant data for complex shapes of
mechanical parts and assemblies much quicker then with the other methods. All results are presented
visually, on the 3D model itself, with colors, so user can monitor placement of stress as well as
displacement surfaces.

Using FEA can also eliminate need for physical prototype, and therefore, be much quicker and
cheaper way to develop a product. That is why this method is very popular in the industry today.
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Abstract: This work presents use of MFF (Matrix of function and functionality) method in conceptual design
stage. Compared to the morphological matrix, MFF is structured as multidimensional matrix, which according to
mathematical model presented in this work, generates a functional structure as multilayer functional structure.
MFF collects and binds data from the requirement list and transform them into functional requirements. This
matrix transforms functions and functionalities as sets from the functional domain and design elements domain.
MFF model is searching cross-sections (submatrices) of function and functionality sets. Also is presented
application of MFF model in generation of product conceptual variants.

Key words: Conceptual design, Function, Functionality, MFF (Matrix of function and functionality)

INTRODUCTION

Conceptual design phase is initial stage of product design and product development process [1, 2].
Design process in this phase, is usually specified by complexity [3], unpredictability and creativity [4],
which mainly rests on an individual’s intuition that is hard to repeat in creating new product concepts.
During conceptual design there are no geometric dimensions [2], exactly defined product shape,
tolerances and design structure. Initial data are stored in the form of customer requirements, which
need to be transformed into data acceptable to the further design process. These data are not
unambiguous and exact as is the case for data in phase of detailed design. This is the problem of
abstraction in conceptual design, because the input data in this stage are unarranged, complex and for
design process unacceptable.

The problem of transformation customer requirements into functional requirements and mapping of
customer, functional, physical and process domain involves axiomatic design [5-7]. Since the
conceptual design phase connects the customer requirements and the stage of detailed design, it's aim
is to transform the information and data obtained from the market, into a form that is acceptable for
designers for further guiding of the design process. According to the theory of technical systems [8],
each product represents the use of a function and therefore, it reflects solving initial functional
requirements [9].

In conceptual design, also is important transmission of knowledge, because it is definitely the missing
shackle [10], and it is extremely important to show the models in a practical implementation (e.g.
computer programming environment in stage of conceptual design.

In the conceptual design stage are developed different matrix models, one of them is morphological
box [11]. Matrix is using the intuitive classification of data without a special mathematical model or
solving rules for connection between functional domain (functions) and design elements domain
(technical systems). It is not possible to connect simultaneously customer, functional, physical and
design elements domain. Also is not possible to arrange functions in functional structure. There is no
fundamental principles for a selection the best solutions and design forms.

As a contribution to solving above mentioned problems, a MFF method was developed. This matrix
method transforms customer requirements into the functional requirements. The process of
transformation is mapping of customer domain into the functional domain. With four function
categories, technical systems are described as the part of design elements domain. These technical
systems we cold functionalities. Thus, the connection between functional and design elements domain
is achieved. It is also possible to generate conceptual variants and their functional description in matrix
form.
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MATHEMATICAL DESCRIPTION OF MFF

In the mathematical model of MFF (Fig. 1) functional requirements F ;i =1,...,n are marked with
corresponding marks and the following applies:

F.F.FK..F:;VheN (1)
Functionalities TS].; J=1,...., m are marked with corresponding marks and the following applies:
1S,,TS,,TS,,..., TS, ;Vme N (2)

Individual cross-sections F, NTS; or TS; N F (solutions, i.e. submatrices) are defined as (Fig. 2)
and the following applies:

FENTS; =TS;nF,
F TS, = {XF,,TS,.\XE,TS] €F A Xp s €TS j} 3)
i=1..,nj=1...m

All cross-sections represent solutions or submatrices. They are one functional requirement. So it is
possible to write:

Re = {XF.,TSI'XE,TSZ’XFi,Tss""' Xe s, } @
where 1 =1,...,n.

All cross-sections represent solutions or submatrices. They are one functionality. It is possible to
write:

RTS- = {XFI,TSJ- ’XFZ,TS]- ’XF3,TSJ- e XFn,TS]- }’ (5)

where j=1,...,m.

The whole matrix of cross-section (solutions, submatrices) is written:

XFI,Ts1 XFl,TSZ XFl,TSm
R = XF% TS, XF% TS, a XFz.,TSm ©6)
XFn TS, XFn Ts, 7 XFn TS0

In m dimensional vector space, rank r of mxndimensional matrix R is less than or equal to number
m orn:

rank(R) = r <min{m,n} (7)

A nx1 matrix can be transformed in the column vector:
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;j=L1...,m (8)

A 1xm matrix can be transformed in the row vector:

X
X

_ F.TS,
M F = .

F TS,
fi=1..,n 9)

X F.TS,,

The transpose form is:

.
M F [XFi TS, XFi TS, XF, TS, ] (10)
= TS
TS | TS, TS
F1 Xers | Xets: XF,TSm
[ RFl]
F
2 Xers | XpTs: X, TS
[RFZ]
F3
[Ro] Xp3Tsi Xp3Tsm
Fn Xe,rsi | XE,Ts XE,Ts
[RFn] ‘n, 151 'n, 152 ‘n, L' dSm

Figure 1. Mathematical representation of MFF

The set of all possible solutions of MFF is written:

XF1,T81’XFl,TSZ’xFl,TS3""’XF1,TSm
Ry = 5 : Do, (12)

XFn,Tsl ) XFn,TSZ ) an,Ts3 1T XFn,TSm

Figure 2. Cross-section (solution, submatrix) F; NTS; = X 15
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The sum of all possible solutions of MFF is:

RZMFF - ZZXHTsj

i=1 j=1

COMPUTER APPLICATION OF MFF

(12)

Figure 3 presents a flow diagram of the MFF application. It is evident that there are two ways of work
with the application. One way is filling the knowledge base, and the other is to use the knowledge base
to create new product concepts. When using the application it is possible simultaneously to use both

modes.

Login failed

Login successful
MFF

application
Project
l> §l A
N iect Load existing Work with
S prolee project database
I l
v v
Add/Edit/ Add/Edite/Del.
Delete concept functionalities
Create MFF
MFF
modification
Save/Add
to database

Figure 3. MFF application flow chart

According to the mathematical model, a computer application

has been developed (Fig. 4).

Application is divided in six sections. The most important from this standpoint are database and

product structure sections. Inside of this sections we generate a new c
and physical sizes.
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[MFF application]

Bostavase | Wproductstructure. Rauery  Wsar | [» Settings | @ system

LECAD

A database is a structured collection of records or data that is stored in a computer system. The product structure is achieved by organizing the data according to @
database model. Therefore, data are the most important part and provides a crucial role in the information system

Product data handiing is divided into few options (specified below), which carefully serves all data handling needs. The most important parts are “inserting new set of
data”, ‘managing sets”, “attaching attachments" and of course have the option to insert, delete and update data on any stage. Research database contains a lot of
different kinds of data which can be retrieved anytime. The most important data are represented as building blocks. functions, requests, descriptions, attachments,
files, parameters, working principles, equations.

Select options:
9 Insert new set of data
[Option to insert whole new set of data. Whole new set invoives inserting new building block with corresponding functions, parameters, working principles...]
% Manage data of entire set
{Option, which allows user to manage all of the data on selected set (building block). All data can be updated, deleted or once again inserted...]
% Attachments
{Attach any kind of attachment on selected set (building block). Also supports rendering preview of 3D VRML appiication files.. ]
& Manage building blocks only
[Option, which includes editing principal data of sets named building blocks. Also possible to delete whole set of data..]
& Search for data
[Search for data in the database. Manage suggest results and answer the question of taxonomy, ontology, semantics..]

> Select option, which you would like to use. [Main]

Copyright Faculty for Mechanical Engineering | LECAD

My Account

Logged as ziga@lecad.si on DB: Production | Settings | Logout | History log

Figure 4. MFF application

Process of conceptual design starts with transformation of customer requirements into the functional
requirements through the input list of functions (Fig. 5). Also functionalities stored in application
database, is possible to prepare and edit through the input list of functionalities (Fig. 5).When
functions and functionalities are prepared for conceptual design, through the lists, we put them in MFF
and begin generation of conceptual variants.

= INPUT LIST OF FUNCTIONS “ INPUT LIST OF FUNCTIONALITIES
B 1 T
Add new function Add functionality:
Acceptance of dr| Add

Acceptance of driver's mass

| List selection

| Maximum search by function » !

Seat LSmethod N

74
No: Function:  options:
1
2
3
a
5
6

1 o] %
Vibration reduction ZX% v 2 Spring LSmethod N /% & »
Acceptance of driver’s mass and... ZXBavw 3 Bolt LSmethod X /% &
Regulation of driver's seat possition ZXBav 4 Guiding rail MSmethod X' (& & w
Adjusting ride height 4 X‘ Q&Y 5 Bearing LS method ,‘{ O AV
Adjusting suspension hardness X% avw 6 Frame MSmethod N /4 & v
Seat rotation around one axis X% a 7 Adjustable spring LSmethod N /4 o

Figure 5. Input list of functions and input list of functionalities
FUNCTIONAL AND MATRIX STRUCTURE

Matrix structure is composed of the MFF matrices (Fig. 6). The matrices are organized by levels and
interconnected by binding links for linking towards matrices at the same level and towards matrices at
other levels. For matrix structure generation it is necessary to establish rough functional structure. This
is input in MFF. On the basement of rough functional structure and by means of MFF, designers
search solutions and determine exactly certain functionalities. Rough functional structure, on this way,
is completed and stored as detail functional structure.
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FUNCTI.ON STRUCTURE FR...Functional Request
TS...Technical System

MF...Main Function

| TS | MF PF...Partial Function

|
: FR for
3.Level | TS11/
. MF=PF11 |
MATRIX STRUCTURE
[ ] MFF...Matrix of Function and
| Functionality
| )
| -
1. Level : MFF for
| TS /| MF
| [ER—
o X
|
: MFF for MFF for
2.Level | TS1/ TSil
| MF=PF1 MF=PFi
|

3. Level | TS1/
& MF=PF11. MF=PF1j

Figure 6. Functional and matrix structure of product

Matrix structure for a listed product is generated from the product detailed functional structure. The
total number of matrix structure levels corresponds by analogy to the total number of levels of the
product’s detailed functional structure. In matrix and functional structure is stored design knowledge
for a listed product.

CONCEPT GENERATION BY MFF METHOD

In this chapter is described procedure of generation conceptual variant of assembly Turbo-blower.
This assembly is part of product at a higher hierarchical level-Suction unit. Therefore, Turbo-blower is
a subassembly in Suction unit product shape structure. Concept is determined by function "Negative
pressure generation and fluid flow calming” (Fig. 7). The function is on the second level of the
functional structure of Suction unit. This function is necessary to solve with six partial functions,
which were generated by transformation of selected customer requirements (Fig. 7). Using the input
list of functions, functions are implemented in the matrix.

Matrix level in matrix and functional structure Product name Main function in matrix and functional level 2

\ / / ;o solutions

*
9 MATRIX FOR [LEVEL 2]: TURBO-BLOWER ASSEMBLY | NEGATIVE PRESSURE GENERATION AND FLUID FLOW CALMIN
Blade Washer Blower Diffuser Quiver Yoke ase
Function/ality » <« » R N « > « > <
P N 4 4
% Fluid flow calming
v S§75 100 S5

g [4 solutions | Suggested: Fluid flow calming ] Sh i
=4
s Converting mechanical energy into M 25

kinetic fluid energy
B i [Si28
= [3solutions | C ical ...]
= 3
(=% A 30
= Directioning of fluid o
g irectioning of flui L% (M100 A 30 s 12 |Sub-matrix
& [3 solutions | Suggested: Directioning of fluid ]
)
8 Secure tong joint M 100
- av
E [4 solutions | Suggested: Secure tong joint ] A 33 A 33 S 20 A 15
u:_ Torque transmission

o r g A7 A 33 M 95
[3 solutions | Suggested: Torque transmission ]
Forming of fluid flow
- S 75
[1 solution [Suggested: Forming fluid dire... ]

Figure 7. No arranged MFF of conceptual variant
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Depending on the number of functions, arranging process of matrix starts and can be very long,
because involves functional modelling procedure.
In Table 1 are presented functions from input list and accepted functionalities whose functions in
submatrices are solving them. It's possible to see category of function in submatrix and percentage

value of solution.

Table 1. MFF solution of functions from input list

Solution
Function from input list Functionality Function category percentage

value
Fluid flow calming Diffuser Main function (M) 100
Cpnv_ertmg mechanical energy into Blower Main function (M) 100
kinetic fluid energy
Directioning of fluid Blade Main function (M) 100
Secure tong joint Washer Main function (M) 100
Torque transmission Quiver Main function (M) 95
Forming of fluid flow Blower Supplementary function (S) 75

When concept Turbo-blower is arranged in MFF (Fig. 8) this matrix will be implemented in general
matrix and functional structure of Suction unit (Fig. 9). After the detail design of this concept,
according to MFF (Fig. 8), final shape and assembly of Suction unit is presented on Fig. 10.

J) Suggested solution:
Suggested solution on: Diﬂus}
with main function described as:
Fluid flow calming
has following parameters:
ATRIX FOR [LEVEL 2]: TURBO-BLOWER ASSEMBLY | NEGATIVE PRESSURE GENERATION ...
Blade Bl Diff Quiver
Function/ality « > <
J) Suggested solution: —_|] 4« «)»
Suggested solution on: Diffuser \ Fluid flow calming
with main function described as: . ) _ v S'75 S 25 M 100
Fluid flow calming [3 solutions | Suggested: Fluid flow calming ]
has following parameters:
9P Converting mechanical energy into M 100
kinetic fluid energy
S 25
[3 solutions | Suggested:
A 15 A 30
“‘ Solution details: 1 Directioning of fluid
jon: . - v M100 A 30
Input function: [2 solutions | Suggested: Directioning of fluid]
Fluid flow calming
Destination function: Secure tong joint M 100
Fluid flow calming | “-v
Directioning of fluid | [3 solutions | Suggested: Secure tong joint ] A 33 A 33 S 20
Torque transmission
Destination function origin: : e av AT A 33 M 95
Diffuser-Main function [3 solutions | Suggested: Torque transmission ]
Intersect specification: Forming of fluid flow
(FLUID,FLOW,CALMING)/ e - s 75
(FLUID,FLOW,CALMING) [1 solution |Suggested: Forming fluid dire...]
Result:
[100% match
Figure 8. Arranged MFF of conceptual variant
. . s . N: Suction unit "
Main function of Suction unit \) MEF: Converting of electrical energy in...
) . . ) PF: Negative pressure generation and...
Partial functions of Suction unit — g:: gompo?ent SO and fluid... gy 5
¢ X : Generating of torque
on first functional and matrix level PF: Genemnoﬁ of magnetic field - x
> * pda b = Funcriop % e Boyee B ‘ =
N
(N: Turbo-blower assembly e N: Casing assembly 1) N: Rotor s N: Stator 11
MF: Negative pressure generation and... o MF: Component positionong and fluid... L MF: Generation of torque e MF: Generation of magnetic field =
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CONCLUSION

By analysing matrix methods (especially morphological box) used at the conceptual design stage, the
problem of associating, displaying and transforming of customer requirements into acceptable data for
further guidance of design process was noticed. In order to contribute to the solution of this problem, a
MFF method was developed. Using this model, according to the theory of technical systems and
axiomatic design, binding between customer, functional, physical and design elements domain was
achieved. The mathematical description of the model as well as the developed computer application
are presented in this work.

The beginning of the design process requires a new set of customer requirements. Through the set of
rules, the process of mapping customer requirements into the set of functions represents a
transformation a customer domain into the functional domain. Solutions of a new set of functions are
obtained through the MFF by linking with the functions who describe functionalities. These functions
are divided into the four categories (main, supplementary, auxiliary and binding function). On this
way functionalities are solutions of new set of functions. Every new set of functions represent a new
conceptual variant of new future product.

Also is presented generation of multilayer matrix structure. Inside of this structure is stored a product
functional structure. Possibility of generation functional structure, stored in matrix structure, enable
fully review of data to designer. This data describe product and present design knowledge stored in
MFF.

For further research, it is necessary to develop model who can create weight factors and map them to
evaluation criteria. According to this, it is necessary to upgrade present computer application. On this
way, with this models and this application it will be possible to simulate a creation of new conceptual
variants and also will be possible to simulate a decision making process in conceptual design stage.
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Abstract: Wind turbines are one of the most efficient renewable energy generators that are operated all over the
world. Aerodynamically, blades are crucial in terms of conversion of wind energy to useful energy.
Computational Fluid Dynamics (CFD) is a good way to simulate the flow around wind turbine blades. In this
study, NREL Phase Il wind turbine is used as a baseline and the CFD method is validated against the
experimental results of the original wind turbine using various turbulence models. In addition, different swept
blade designs have been tested and mechanical power outputs and thrust forces are calculated and compared with
the original wind turbine. According the results, k-¢ Realizable model was the most successful turbulence model
showing close results compared to the experimental data. In addition, the study with swept blades showed that it
is possible to obtain some increase in power output using swept blades, however, this also causes an increase in
thrust force.

Key words: Wind turbine, HAWT, blade, validation, swept, CFD.

INTRODUCTION

Wind energy is being used as one of the leading renewable energy sources all over the world [1-4]
Blades are crucial components of wind turbines because of having the role of converting the wind
energy to mechanical energy. Previously, it was difficult to design and test new blades since it was
very expensive to make experimental tests. Now, Computational Fluid Dynamics (CFD) is being used
to design and test various blades designs {. When the decision is made to use CFD to test or design a
new blade, validation of the CFD model is very important. Advanced turbulence models help to obtain
relatively good results that are close to experimental test results. Many studies are available in the
literature about validating the CFD model to test the wind turbines with various blade designs. Swept
blades are one of the different blade designs. Khalafallah et al. (2015) validated their CFD model and
investigated sweep direction and sweep begin section affecting the performance of a HAWT with
swept blades and concluded that some performance increase can be achieved using swept blades [5].
Kaya et al (2018) tested various swept blades and obtained a significant increase in power coefficient
using a specific forward swept blade [6]. Verelst and Larsen (2010) and Hansen (2011) have used 5
MW NREL wind turbine as a baseline and investigated the performance of swept blades and the
findings of both studies were that backward swept blades present slightly lower power outputs in
general [7-8]. On the hand, many studies can be found in the literature about investigation the
aerodynamic performance of HAWTs using CFD. Wang and Zhan (2013) investigated the
performance of a micro-wind turbine using CFD and concluded that the performance of the wind rotor
with semi-circular blades is comparable to that of the semi-cylindrical wind rotor, and is slightly
lower than that of the helically twisted wind rotor [9]. Bai et al. (2013) designed a 10 kW
horizontal axis wind turbine blade and performed aerodynamic investigation using numerical
simulation of it. It has been reported that CFD is a good method compared to the improved BEM
theory method on the aerodynamic investigation of HAWT blades [10].

In this study, a Horizontal Axis Wind Turbine (HAWT), NREL Phase Il, is simulated using various
turbulence models and results are compared with experimental data. In addition, various swept blades
that have different sweep begin section (rs/R) and tip displacements (d/R) are tested using the
validated CFD model in terms of power production.
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MATERIAL AND METHODS

In this study, NREL Phase Il wind turbine was used as the baseline rotor. It was developed by the
National Renewable Energy Laboratory (NREL) of US and it has a 3 bladed rotor with 10 m diameter.
Information about the wind turbine can be found in Table [11-13].

Table 1. Information about NREL Phase Il wind turbine

Number of blades 3

Rotor diameter (m) 10.06 m

Cone angle 3 degrees
Rotation speed (rpm) 71.6

Pitch angle 12 degrees (down)
Airfoil S809

Chord length (m) 0.4572 (fixed)
Twist angle 0 degrees (fixed)

The flow around the wind turbine was simulated using ANSYS Fluent 17.2 software in a moving
reference frame. The computational domain was created from a circle that has 3R radius. The
upstream and downstream boundaries of the computational domain were 3R and 10R, respectively.
Only one third of the rotor issued in the CFD simulations with rotational periodic conditions applied.
The 3-D drawings of the NREL Phase |1 rotor can be found in Figure 1.

2000 4000 (m)

Figure 1. 3-D drawings of the NREL Phase Il rotor

ANSYS Meshing was used in order to create the mesh. The mesh used in this study consist of nearly 6
million elements. First layer height was selected as 2x10° m to ensure the y+ value is less than three.
This value is suitable for all the used turbulence models (El Farra, 2011). Applied boundary conditions
are velocity inlet at the inlet, pressure outlet at the outlet and non-slip wall on the blade. The boundary
conditions together with the computational domain was given in Fig. 2.
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Figure 2. Computational domain and boundary conditions
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Figure 3. Newly designed swept blades.
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Newly designed swept blades

Using the NREL Phase Il blade as the baseline, swept blades in two rotor plane directions, forward
and backward, three sweep begin sections (r/R), 0.25, 0.50 and 0.75, and three tip displacements
(d/R), 0.05, 0.10 and 0.20, were designed. The drawing of the newly designed swept blades were
given in Fig. 3. In Fig. 3, d/R shows the ratio of the tip displacement (d) to the blade radius (R), rs/R
shows the ratio of the sweep begin section (rs) to the blade radius. In order to name each blade, a
method was developed where “f” is used for forward swept blades, “b” is used for backward swept
blades. Following to numbers are used to indicate the sweep begin section and the last two digits are
used to indicate tip displacement. For instance b2505 is the name of the backward swept blade that has
sweep begin at 25% of the blade radius, and tip displacement that is 5% of the blade radius.

RESULTS AND DISCUSSION

The validation results for four turbulence models were given in Table 2. The simulation results were
compared with experiment results for two wind speeds, 7.2 and 10.56 [11-13]. As it can be seen k-¢
Realizable model has showed best performance among all turbulence models.

Table 2. Comparison of experimental and HAD produced mechanical power outputs

Wind speed Tu&)gclgce HAD Torque Exgreor:;nue:tal Error (%)

k- ® SST 247 13.6

79 k-& Realizable 282 286 -1.4
Spallart-Allmaras 250 125

transition SST 291 1.7
k- ® SST 1073 -11.1

10.56 k-¢ Realizable 1215 1207 0.6
Spallart-Allmaras 1068 -115
transition SST 1085 -10.1

Pressure distribution results of k-¢ Realizable turbulence model was used since it showed the best
results. In Fig. 4 and 5 pressure contours on the pressure side (PS) and suction side (SS) of the blade
were given for 7.2 and 10.56 m/s, respectively. The pressure difference is obvious between PS and
SS for both wind speeds. In Fig. 6 and 7, pressure distributions on various blade sections were
presented at same wind speeds and compared with the experimental data [11-14]. As it can be seen,
simulation results are in a good agreement with experimental results.
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Figure 4. Pressure contours on the blade at 7.2 m/s
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Figure 5. Pressure contours on the blade at
10.56 m/s wind speed
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Figure 6. Comparison of CFD produced and experimental pressure distributions on various sections at
7.2 m/s wind speed
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Figure 7. Comparison of CFD produced and experimental pressure distributions on various sections at
10.56 m/s wind speed

Lastly, change in mechanical power outputs using swept blades were tested for 7.2 and 10.56
m/s wind speeds and given in Table 3. As it can be seen from the Table 3, some forward
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swept blades had positive effect on the power production while backward blades caused to a
reduction in power production. In terms of thrust force, backward swept blades had positive effect
while forward swept blades caused to an increase.

Table 3. Changes in mechanical power and thrust force with swept blades compared to baseline
design

7.2m/s 10.56 m/s
Blades Change intorque | Change inthrust | Change in torque Change in thrust

(%) (%) (%) (%)
2505 -1.8 -1.2 0.2 -55
2510 2.0 3.1 0.4 -5.6
2520 1.9 3 -0.3 -4.8
5005 2.1 1.3 14 0.4
5010 0.5 0.1 -1.9 -0.8
5020 -5.1 -2.9 -2.8 -1.31
7505 -3.7 -3.2 -4.2 -8.2
7510 -9.9 -5.5 -8.9 -11.3
7520 -21.3 -9.1 -12.4 -13.4
b2505 -5.2 -2.5 0.7 -5.0
b2510 -5.2 -2.8 -0.6 -5.7
b2520 -3.8 -8.4 -9.7 -9.4
b5005 -19.3 -4.3 -10.2 -10.1
b5010 -11.2 -1.0 -13.7 -7.5
b5020 -4.0 -4.6 -1.3 -6.0
b7505 -12.1 -1.7 -8.4 -8.7
b7510 -14 -4.1 -12.3 -10.3
b7520 -9.6 -3.2 -3.8 -7.7

CONCLUSION

In this work, CFD method was validated using various turbulence models and NREL Phase Il rotor as
a baseline. The k-¢ Realizable model has showed the best performance among all turbulence models
and it was used to compare the pressure distributions on the blade with experimental data. Also the
pressure distributions were found to be in a good agreement with experimental data. As for the
swept blades, generally, forward swept blades have showed an increase in power production
whereas backward swept blades reduced the power output. The advantage of the using backward
swept blades was found to be having some reduction in thrust force.
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Abstract: This paper presents the process of rapid production of an authentic part using additive manufacturing,
i.e. using technology of material extrusion. Polylactic Acid - PLA polymer was used as the material for making
the part. The basic parameters set on the 3D printer are listed, as well as the parameters obtained which have
shown the economic justification of fabrication of the part using material extrusion technology.

Keywords: Additive Manufacturing, FDM, PLA Polymer, 3D Printer.

INTRODUCTION

Modern design, development of new products and the development of prototypes and functional parts
involves the application of technologies that are based on the principles of rapid fabrication. This
approach allows us to obtain a physical model, which is identical to the virtual model, by joining the
material layer by layer without the use of conventional tools and accessories. This concept of
fabrication is known as additive manufacturing (AM) in the scientific-professional public. Its basic
advantage over the traditional method of production is reflected in the faster achievement of aims that
require access to the modern market. This primarily implies a significant shortening of the time until
the product release and reduction in production costs. In some cases, additive manufacturing
technologies represent the only possibility of obtaining geometrically complex components. Though
being relatively briefly applied, Rapid Prototyping - RP and Rapid Tooling - RT technologies have
become irreplaceable in terms of Rapid Manufacturing - RM components from different materials and
a wide range of uses. In the time of general globalization, the use of the advantages offered by the
additive manufacturing of prototypes, models and tools allows the realization of optimal and rational
production which is superior to conventional technologies (Figure 1).

Complexity
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Figure 1. Comparison of conventional and RP technologies [1]

Fused Deposition Modeling - FDM is an additive process for the fabrication of prototypes and final
parts. This procedure was presented in the paper and was used to obtain an authentic part. The
complete procedure was analyzed, from the modeling of the part, through the conversion of the 3D
model into the Standard Tessellation Language - STL file, which represents the standard for each
process of AM [2], to the production itself or 3D printing. The paper presents a part of the research
that was performed as an experimental part of the master thesis [3].
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MATERIAL EXTRUSION TECHNOLOGY

FDM consists of 3 steps: preprocessing, production and postprocessing [4]. In this process, the plastic
or wax material is extruded through a nozzle that follows the geometric layer of the section of the
cross-section. FDM uses two materials: material for model making and support material. The nozzles
contain resistant heaters that hold the plastic at a temperature above the melting point so that it easily
flows through the nozzle and forms a layer (Figure 2). The plastic immediately hardens after it exits
the nozzle and attaches to the layer below. When the layer is applied, the platform is descended to
match the thickness of the layer, and the extractor nozzle deposits another layer. The thickness of the
layer and the vertical dimensional accuracy are determined by the diameter of the extruder mass,
ranging from 0.013 to 0.005 inches. At x-y level, the resolution is up to 0.001 inches [5].

n——\
~Q
Figure 2. Schematic representation of the FDM process: 1-Build material filament, 2-Support

material filament, 3-Extrusion head, 4-Drive wheels, 5-Liquifiers, 6-Extrusion nozzles, 7-Part, 8-Part
supports, 9-Foam base, 10-Build platform,11-Support material spool, 12-Build material spool [6]

EXPERIMENTAL RESEARCH

Experimental research was realized with the aim to explain in detail the principles and methodologies
of rapid prototyping by extrusion material technology, whereby the optimal and recommended
parameters for the manufacturing are given. The design of the coat of arms of the Faculty of
Mechanical Engineering in East Sarajevo was used for the production of the authentic part. The
material used was polylactic acid - PLA polymer. Although this polymer is not used frequently in the
FDM process, it has been used to print the coat of arms due to the availability of the material as well
as the price itself. PLA is biodegradable under certain conditions. It has a low melting temperature
(between 160 °C to 220 °C) and a higher friction factor. The disadvantage is that it easily absorbs
moisture from the environment, therefore it is necessary to pay attention to the storage of this material.
All types have a biodegradability certificate EN12342 [7].

Experimental research was carried out at the Laboratory for Plasticity and Processing Systems at the
Faculty of Mechanical Engineering in Banja Luka. The LeapFrog Creatr XL 3D printer (Figure 3) was
used, and in Table 1 provides its basic parameters.

Table 1. Basic parameters of the 3D printer [6]

3D printer Creatr XL (LeapFrog)
Type of extruder Double extruder
Volume 230x270x600 mm
Material ABS, PLA, PVA, Nylon
Layer thickness 0,2 mm
Infill percentage 100 %
Process temperature 60 °C (heated plate)
Price ~5000 $
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Figure 3. LeapFrog Creatr XL 3D printer

The technology of material extrusion, i.e. the FDM technique, as well as any other rapid prototyping
technologies, starts with a 3D model in the CAD program. The 3D model of the authentic part is
created in the SolidWorks software package (Figure 4).

Figure 4. 3D model of coat of arms in SolidWorks software package

The 3D model was then exported to the LeapFrog Creatr XL 3D printer, i.e. its Simplify 3D software,
where the processing of the CAD model and preparation for 3D printing was done (Figure 5). The
Simplify 3D program defines the process parameters, generates layers and supports. First, the position
of the model in the x-y level was determined, then the orientation of the model. In regards with the
orientation, it is very important to have large surfaces on a horizontal plane, as this increases stability
and reduces the consumption of the material for supporting structure. In doing so, it should be taken
into account to avoid contact between the details of the model and supporting structure so as not to
damage the model when releasing it from the supporting structure material. The optimal position and
orientation of the model are shown in Figure 5.
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Figure 5. The 3D model of the coat of arms in the Simplify 3D program

Figure 6 shows the setting of the print parameters in the Simplify3D program.
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Figure 6. Setting up the operating parameters in the Simplify3D program

The 3D printing parameters that are set in the Simplify 3D program are:

e Platform temperature: 70 °C
The adjustment interval ranges from room temperature to 90 ° C, but based on the recommendations
of the material manufacturer and on the basis of our own experiences and previous experimental
research, the temperature of 70 ° C was selected.

e Temperature of the operating (right) nozzle: 250 ° C
The printer has two nozzles used for 3D printing. Right (working) nozzle is used to apply the basic
material, or to print the part, in this case the coat of arms. The recommendation of the material
manufacturer is that the temperature should be in the interval of 190 - 230 ° C. However, also based on
previous research, a higher temperature was chosen due to the printing process itself, i.e. because of
the easier flow of material through the nozzle and better bonding of the material with the platform
base.
Since the similar studies have been carried out earlier in paper [8], these parameters have been
corrected in order to obtain a better quality of the final part.

e The temperature of the second (left) nozzle for support material
The left nozzle on the printer is used for the extrusion of the supporting material. However, to print the
coat of arms, the supporting material was applied using right (working) nozzle because the geometric
configuration of the part there was no need for the use of the left nozzle. In case there was a need for
its use, the temperature would have been 190 ° C. The fabrication time of the authentic part depends
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on the thickness of individual layers during the extrusion and the flow of material through the nozzle.
When using PLA material, the recommended values have been selected, as follows:

e Layer thickness: 0.2 mm

e Material speed: 0.42 cm3/min

o Material speed in the first layer

Due to the possibility of better adhesion of the first layer to the base, the material speed is 50%

lower than the speed in the formation of other layers. The thickness of the first layer is 10% lower

than the thickness of the other layers and the reason is also better adhesion for the base.

o Model infill percentage: 100%
Since the model of the coat of arms is rather small, the interior of the model is completely filled.
However, if parts of larger dimensions are printed, a smaller model infill can be selected. In this way,
material savings are achieved with the mandatory fulfillment of the requested requirements.

e Support material infill percentage: 30%

e Type of printed base: Raft
It is used as an additional print base that is printed larger than the basic model. In the particular case,
the offset is 2 mm, or the print base is 2 mm larger than the coat of arm. The aim is to have larger
surface area in contact with the ground in order to ensure greater stability of the model. The print base
is mechanically removed after the model has been printed.

e Protective cover: Ooze shield
A shell around the model is printed, in order to provide a slower cooling of the material, and therefore
a better adhesion of the layers. The shell corresponds to the thickness of one layer.
Figure 7 shows the coat of arms model in the STL format ready for printing.

Figure 7. The model of the coat of arms in the STL format

RESULTS AND DISCUSSION

To design the part, it was necessary to go through a series of steps. First, it was necessary to model the
coat of arms, with its surfaces specially designed with effects in the form of small chamfer and radius.
Then the model was transformed into the basic format for 3D printing, i.e. in the STL format. In this
way, the model view with mesh was obtained, which was adjusted so that the printed part had a
satisfactory or desired surface quality. One of the most important steps in 3D printing was the
processing of the machine, i.e. adjusting the basic process parameters, such as layer thickness, material
flow, defining support, model and support fulfillment and so on. The next phase was the fabrication of
a coat of arms, i.e. its printing. The last phase of the material extrusion technology was postprocessing,
that is, removing the support from the coat of arms and its final processing. In the final processing of
individual surfaces, that were deliberately left untreated, in order to have as little details as possible on
the part, which could be used later for making tools using vacuum casting technology. As a result of
the FDM procedure, the coat of arms is shown in Figure 8.
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Figure 8. The coat of arms obtained by 3D printing

Also, when implementing the FDM procedure, the economic parameters of the part fabrication were
analyzed. Since the printing time was 2h and 12min, a relatively short period for such processes, and
due to the small amount of consumed material as a result of the volume of the product, it can be
concluded that there is economic justification for making prototypes of the authentic product by the
FDM procedure. In that case, it is also important to point out the fact that the price of the material
consumed is very low and its value is approximately 2.5 BAM.

CONCLUSION

Lately, more attention has been paid to the development of products and methods of their easier
production in order to get a faster market position and to achieve competitiveness. Because it is not
possible to achieve the said aims by conventional procedures, an alternative is required in additive
production, which implies rapid development of the product. The advantages of additive production
are also reflected in the construction of parts of a complex geometric shape, as well as the ability to
inspect all phases of development, production and functional characteristics of the product.

This paper presents the FDM process, showing the complete procedure, from the modeling of the part,
through the conversion of the 3D model into a STL file that represents the standard for each process of
additive manufacturing, up to the production itself, i.e. 3D printing. Experimental research was carried
out in order to explain the principles and the methodology of rapid prototyping in detail on a practical
example of complex geometry (the design of the coat of arms of the Faculty of Mechanical
Engineering, East Sarajevo) using material extrusion technology where improved parameters were
used, compared to the recommended ones, which were obtained as a result of the previous research.
The obtained part was later used as a master model for vacuum casting mold, using vacuum casting
technology, in order to integrate two technologies, which is not shown in this paper.
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Abstract: This paper briefly describes the influence of adding the small amounts of functional additives on
structure and morphology of titanium-tin-oxide (TTO) based ceramics intended for the use as varistor (variable
resistor) in the electrical systems for protection against the voltage surge. These ceramic materials were
synthesized by the solid-state method. Evolution of the obtained ceramics microstructures with the change of the
doping elements composition and number were studied by scanning electron and electron dispersive
spectroscopy, while Raman analysis confirmed the formation of nanocrystalline ceramic materials with
TiosSne20; solid-solution matrix. Room temperature current-voltage characteristic of niobium and zinc doped
titanium-tin-oxide (TTO:NZ) ceramics, in direct current mode, has been also determined. The varistor-type
behavior with sufficient low breakdown voltage and an acceptable high nonlinear coefficient was observed.

Key words: oxide ceramics, semiconductors, solid-state processing, varistor

INTRODUCTION

The (SnxTi1x)O2 solid-solution based polycrystalline ceramics are an extremely promising type of
material for the application in electrical systems as a protection from the high voltage (as variable
resistors, i.e. varistors) [1-5]. Their advantages compared to the others is the presence of TiO; in the
majority, which somewhat solves the problem of SnO, poor densification and contributes to its high
sinterability. This is very important for the functionality of this type of ceramics for varistor
applications. The small additions of Nb,Os or/and ZnO to the (SnxTii-x)O; lattice should improve the
densification even more by the substitution of matrix cations with dopant cations (Nb** and Zn?*), and
creation of oxygen vacancies which are the key defects responsible for the densification processes and
electron mobility enhancement in the bulk grains [4, 5]. Formation of the defects also leads to the
desired increase of resistivity in the grain boundaries [5]. Namely, the varistor materials are featured
by a specific microstructure consisted of the conductive grains (matrix oxide) which are surrounded by
the resistive grain-boundary regions (Fig. 1a). The material with this type of microstructure shows the
nonlinear current-voltage characteristic (Fig. 1b). The varistor materials, which are also known as
voltage-dependent resistors (VDR), are used in parallel with an electrical circuit that needs to be
protected from the voltage surge (Fig. 1a).

__GRAIN

——GRAIN

i L B BOUNDARY CTH(%)CBUEIT
AC/DC | VDR ‘1

OHMIC BREAKDOWN HIGH
‘REGION REGION i CURRENTS
)

»le e N|

¥ ”n¢ *

10

BREAKDOWN o
| /VoLTAGE I=k U
\\ LEAKAGE b) ]
CURRENT
a) 10 10|4 16‘2 16" 162 10*
CURRENT DENSITY (mA/cm?)

Figure 1. Schematic representation of a) VDR microstructure and its application in an electrical
circuit that needs to be protected from the voltage surge, and b) VDRs current-voltage characteristic
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In this paper, we summarized the findings of a new solid-state processing procedure for obtaining the
titanium-tin-oxide based ceramics with TipgSne20, matrix, and its microstructural evolution with
doping. The results of the current density-electric field (J-E) behavior study in these ceramic materials
are also reported.

MATERIAL AND METHODS

Titanium-tin-oxide ceramic samples were prepared by a traditional solid-state method starting from
the commercial powders of rutile SnO; (Sigma-Aldrich; ~325 mesh powder; purity 99.9% trace metals
basis) and anatase TiO; (Sigma-Aldrich; purity 99.7% trace metals basis). The 1 mol% of Nb,Os (Alfa
Aesar; purity 99.9% metal basis) and 1 mol% of ZnO (Aldrich; purity 99.999% trace metal basis) were
the sources of the dopant ions. The stoichiometrical amount of the starting precursors were mixed to
achieve TiggSno20, composition, milled with zirconia media (Retsch GmbH PM100) in ethanol for
6h, and then calcinated at 800 °C for 2h with a heating rate of 10 °C/min in an alumina crucible. The
treated powder mixtures were then uniaxially pressed in 10 mm pallets under 500 MPa and sintered at
1280 °C for 2h. The TiosSno202 matrix, Nb-doped TiosSno202, and (Nb,Zn)-doped TiosSno20;
ceramic samples obtained were marked as TTO, TTO:N and TTO:NZ, respectively. The scanning
electron microscope, SEM (JEOL JSM-6460LV) equipped with an energy-dispersive spectrometer
(EDS) was used to investigate the morphology, microstructure and elemental concentration of the
obtained ceramic samples. The Raman spectra were measured using the Centice MMS Raman
spectrometer equipped with a CCD detector. A diode laser operating at 785 nm (1.58 eV) with the
power of 70 mW was used as the excitation source, and all measurements were carried out at room
temperature. For electrical measurements, the opposite surfaces of the sintered pellet were coated with
silver paste to ensure good ohmic contacts. At room temperature, the current density-electric field
characteristic of TTO:NZ in direct current mode was determined by using a Source Meter Keithley
2410.

RESULTS AND DISCUSSION

The X-ray diffraction (XRD) analysis, shown in detail elsewhere [4,5], confirmed the formation of the
tetragonal titanium-tin-oxide (ICSD#01-070-4404) solid-solution phase, TigsSne20. in all three
ceramic samples. Peaks of no other phases were noticed. The XRD profile analysis [4,5] also
confirmed the TTO, TTO:N and TTO:NZ ceramic samples nano-crystallinity. The crystallite size and
lattice microstrain values were lower for the TTO:NZ compared to the matrix (TTO) and Nb-doped
TTO (TTO:N) samples [4,5]. Comparable SEM micrographs for TTO, TTO:N, and TTO:NZ ceramic
samples, are shown in Fig. 2, while the example of their EDS spectrum is shown in Fig. 3.

|

Figure 2. The SEM images of a) TTO, b)TT_d:N, and ¢) TTO:NZ ceramic samples taken with the
same magnification

The microstructure of TTO:NZ (Fig. 2c) is highly dense compared to TTO and TTO:N, and is
characterized by the irregularly shaped and much wider in range grain sizes (from 1.43 pum to 6.21
um, and even 15.2 um) [5], which is certainly the consequence of a positive synergic two dopant
effect in TTO:NZ. The TTO and TTO:N ceramic samples (Fig. 2a,b) show a microstructure with more
pronounced closed porosity. Table 1 confirms the incorporation of dopants into the matrix lattice in
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TTO:NZ and shows the weight percentage of the elements present (obtained from the EDS
measurements, Fig. 3). Similar data were shown for TTO:N and TTO:NZ, previously elsewhere [4,5].

Table 1. EDS elemental composition (weight %) for TTO:NZ ceramic sample

Composition @) Ti Sn Nb Zn
TiosSNo02: Nb°*,Zn?* 30.63 35.97 30.04 2.49 0.87
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Figure 3. The example of the EDS spectrum for TTO:NZ ceramic sample

Figure 4 shows the example of the Raman spectrum.
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Figure 4. The Raman spectrum of TTO matrix ceramic sample

The Raman peaks positions (frequencies) were determined by the peak fitting procedure and marked
in Fig. 4 for TTO matrix sample. The shape of the spectrum is almost the same as for the TTO:NZ
(shown in [5]), and characterized by the two most intense peaks at 424 and 611 cm™. Compared to the
double cation doped TTO:NZ Raman spectrum shown in ref. [5], the most intense 424 cm™ peak in the
Raman spectrum of TTO assign to E; mode vibration of the TigsSno.0; rutile-type matrix, is blue-
shifted. Blue-shifted is also the leakage Raman peak at 513 cm™, 540 cm™, and 695 cm™ as well,
which presumably originate from the second-order Raman scatterings [5]. Raman supports the XRD
analysis [4,5] in the conclusion that all of the obtained ceramic samples crystallize in the tetragonal
titanium-tin-oxide (TTO) solid-solution structure. The red-shift of 424 cm™ peak, and the appearance
of the new peaks in TTO:NZ is a result of a grain size increase [4,5] seen in Fig. 2, as well as the
formation of much-wanted structural defects such as oxygen vacancies when both functional additives
(Nb and Zn) are introduced into the TTO lattice.
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In order to investigate the varistor effect, determining the current-voltage characteristic is of particular
importance. The current density-electric field (J-E) characteristic of TTO:NZ obtained in direct current
mode is given in Fig. 5. The electric field and current density were obtained from E=V/d and J
=1/a [5], respectively, where V and | represent the measured voltage and current, respectively.
The parameter d represents the sample thickness (0.215 cm), and A is the area of the electrode
deposited on the surface of the sample (0.657 cm?). Generally, the varistor phenomenon is
characterized by the breakdown voltage and the nonlinearity coefficient. According to the obtained
experimental results, the value of nonlinear coefficient o has been estimated to be about 6.5 by using
the equation a=1og(J2/J1)/log(E2/Ez) [5]. This relatively high value of o defines the rate of change from
the high resistive to low resistive state.

6.0x10™" °

L)

current density J (A/cm’)

4.0x107k 9

2.0x107k °

2010, . o

-8.0x10° -4.0x10° 0.0 4.0x10° 8.0x10° 1.2x10°
electric field £ (V/cm)

Figure 5. Current density-electric field characteristic of TTO:NZ varistor at room temperature.

CONCLUSION

This work shows the result of microstructural evolution investigation for TigsSno20. solid-solution
ceramics with the addition of dopant ions. The highly dense microstructure was obtained only after the
synergic effect of two dopant cations (Nb* and Zn?*). It was established that small amounts of
functional additives have a positive influence on TTO ceramics densification through the formation of
oxygen vacancies that most definitely ensure the electron mobility in the TiosSno.0, matrix grains as
well. All these overall reflects in a positive manner on the obtained material (TTO:NZ) varistor
properties [5]. Namely, TTO:NZ has the breakdown voltages lower than 130 V and high nonlinear
coefficients, approximately 6.5, which makes this ceramic material promising candidate for fabrication
of the low-voltage varistors.
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Abstract: One of the most effective ways to improve the mechanical properties of composite materials is
matrix improvement. The mechanical properties of composite materials and their structural uses increased
with the modification of nanoparticles. This work aimed to enhance experimentally tensile strength of halloysite
nanotube (HNT) modified epoxy and epoxy/basalt fiber nanocomposites. Therefore, 1, 2 , 3 wt% of HNT
particles filled into the epoxy matrix and 2 wt% HNT , better effective than the others, was used impregnate
basalt fiber. The drawn up basalt fiber nanocomposite were conducted to tensile and open hole tensile test.
As a result of all experiments, the addition of HNT exhibited higher tensile performance compared to neat
epoxy composite. It also changed the mode of the fracture surface in the OHT test.

Key words: open hole tensile, halloysite, basalt, nanocomposite

INTRODUCTION

Basalt fiber reinforced composite have been commonly used in many areas, including automobile,
aircraft, ship, marine, civil construction, electro-technical application and other industries areas due to
their good properties such as thermal properties, high chemical resistance and high mechanical
resistance. In fiber-reinforced composite materials, epoxy is generally used as a matrix because of its
superior polymeric properties. The weakest point of fiber reinforced polymer matrix composite
materials is known to have low interlaminar shear strength. For this reason, the researchers are
concentrated their study on the polymer matrix. Many attempts have been realized to improve the
mechanical properties of epoxies by modifying epoxy resins with additives micro and nano fillers. It
has been found that inorganic additives such as silica, alumina glass particles can improve the
properties of epoxy [1-5]. In recent years, the rapid development of nanotechnology has led to the
modification of epoxy resins with nanoparticles and the emergence of nanocomposite materials [6, 7].
Hussain et al. have attempted to increase the properties of epoxy resins with montmorillonite particles
but they did not achieve significant improvement [8]. In recent studies, nano silica particles have
changed the mechanical properties of the epoxy matrix visibly at ambient temperature, in cryogenic
conditions and at elevated temperatures [9-13]. In another study, Eskizeybek et al. are increased the
impact strength and mechanical properties of epoxy resin by using nano CaCO3 [14]. In a study
conducted by Kaybal et al., nano Al203 is improved both the mechanical properties and the impact
strength of the epoxy resin [15].

Recently, Halloysite Nanotube (HNT) have been studied as a new type of additive for epoxy resin [6,
16, 17]. In the study conducted by Liu et al. with Halloysite Nanotube particles, it was stated that the
thermal expansion coefficient and strength modulus of nano composite material increased [16].

The presence of holes in the assembly of composite materials is required. These holes directly affect
the strength of the composite material. Studies on the stress behavior of these materials with circular
holes are of interest. The effect of geometric and material parameters on the strength and damage
mechanisms of composite materials has been demonstrated by different studies [18, 19]. In the studies,
fiber damages and matrix damages are defined as a damage mechanism [20]. In the specimens, fiber
damages are formed perpendicular to the hole boundaries, while matrix damages generally are
occurred tangent to the hole and parallel to the direction of the fiber [18].

This work focus on open hole tension (OHT) strength of basalt fiber reinforced epoxy nanocomposite.
Firstly, the epoxy matrix was modified from 1 to 3 wt % with HNT particles. Fiber reinforced
nanocomposite material is produced in the best effective ratio (2 wt %) with optimum strength values.
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Secondly, the open hole tensile strength values of the basalt fiber nanocomposite material were
discussed and compared with the neat epoxy composite material.

MATERIAL AND METHODS
Production of HNT-Epoxy Nanocomposites

Epoxy and hardener, which have code of L160 and H160 respectively, purchased from Dost Kimya
Company and the HNT particles are supplied from Eczacibasi Company for fabrication of HNT-
Epoxy nanocomposite. A certain amount of epoxy and HNT particles are mixed in the mechanical
mixer for up to 15 minutes for the powder to wet. Then, the mixture of HNT-Epoxy is mixed with
ultrasonic stirrer for 1 hour at 15 minute intervals. After the last process, the curing agent is added into
the HNT-Epoxy mixture and mixed with the mechanical mixer. The mixture of HNT-Epoxy/agent is
poured into steel molds. The steel mold is kept at 80 °C for 2 hours and the production of HNT-Epoxy
nanocomposite materials is completed. It can be seen fabrication of nanocomposite in Figure 1.

Figure 1. Fabrication of HNT-Epoxy Nanocomposites a) HNT particles and Epoxy b) Mechanical
mixer c) Ultrasonic stirrer d) Mixing of HNT-Epoxy with Hardener e) Steel mold f) Furnace for curing
g) Specimens

Production of HNT-Epoxy/Basalt Fiber Nanocomposites
Plain weave basalt fiber fabric with 300 g/m2 areal density was purchased from Spinteks Company.
The Vacuum Assisted Resin Infusion Method (VARIM) was used to production of HNT-Epoxy/Basalt

fiber nanocomposites laminate consisting of ten plies of basalt fabrics. The epoxy matrix of the basalt
fiber reinforced composite was made according to the above process at 2% by weight HNT. Also, neat
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epoxy specimens were fabricated following the same procedure. Images from the production process
are given in Figure 2.

Figure 2. Fabrication of HNT-Epoxy/Basalt Fiber Nanocomposites a) Vacuum process b)
Basalt fiber nanocomposite

Test Procedure

Tensile and Open Hole Tensile (OHT) test were carried out using Instron 8801 testing machine at
environmental temperature. The tensile properties of HNT-Epoxy and HNT-Epoxy/Basalt Fiber
nanocomposites were investigated in accordance with ASTM D 4762 — 11a and D3039 standards,
respectively. On the other hand, D5766 / D5766M standard was used for OHT strength. Tensile tests
were performed with 2 mm/min tensile speed. Also, HNT-Epoxy/Basalt fiber nanocomposite
specimens were drilled 6 mm diameter for the OHT test.

RESULTS AND DISCUSSION
Tensile Properties of Nanocomposites

Typical stress-extension curves of HNT modified epoxy are given in Fig. 3. As seen in this figure, the
addition of HNT particles increases the tensile strength of epoxy resin and the tensile strength attains
its maximum at 2 wt% HNT content as 81,9 MPa with 30% increase compared to 0 wt% HNT-epoxy
composite. Also, the tensile strain at fracture increase with the increase in HNT content due to the
physical and chemical interactions between HNT nanoparticles and epoxy. In addition, Table 1
summarizes the effect of HNT nanoparticles on the tensile properties of the composites.

100
—0 w1% HNT-Epoxy Composite
90
-1 wi%e HNT-Epoxy Nanocomposite

&0
—2 wi%% HNT-Epoxy Nanocomposite

——3 wit% HNT-Epoxy Nanocomposite

Stress (MPa)

0 0.8 1 1.5 ] 25 i
Extansion (mm)

Figure 3. The tensile stress-extension curves of epoxy nanocomposites
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Table 1. The tensile test result of epoxy nanocomposites

0 wt% HNT-Epoxy Composite 62,8 MPa 2,01 mm
2 wt% HNT-Epoxy Nanocomposite 81,95 MPa 2,52 mm

Stress-extension curves for basalt fiber reinforced HNT-epoxy are shown in Fig. 4. While the tendency
is similar for that of the tensile strength epoxy nanocomposites, the addition of HNT within
epoxy/basalt fiber composites results in an increase in the tensile properties. The drastic increase in
tensile strength of 2 wt% HNT-Epoxy/Bazalt Fiber nanocomposite is found as 22 % compared to neat
epoxy composite. In addition, Table 2 summarizes the effect of 2 wt% HNT nanoparticles on the
tensile properties of the composites.

Basalt/Epoxy Composite
450
400

= 350

- 300

E’ 250

@ 200

=

wn 150
100

50

2 wt% HNT-Epoxy/Basalt Fiber Nanocomposite

Extension (mm)

Figure 4. The tensile stress-extension curves of epoxy/basalt fiber nanocomposites

Table 2. The tensile test result of epoxy/basalt fiber nanocomposites

0 wt% HNT-Epoxy/Basalt Fiber Composite 346,91 MPa 4,35 mm
2 wt% HNT-Epoxy/Basalt Fiber Nanocomposite 420,41 MPa 4,68 mm

Open Hole Tensile Test

Open Hole Tensile (OHT) test is similar to previous tensile test moreover a hole of 6 mm diameter is
drilled at the center of the specimen. The results of OHT test can be utilized for structural design
allowable, material specifications, research and development [21]. To describe the failure mode, the
three character codes are used. The character codes are given in Fig. 5a. The acceptable failure test
codes for this test method are restricted LGM (Fig.5b), AGM (Fig.5¢) and MGM (Fig.5d).

First Character Second Character Third Character

Failure Failure Failure

Type Code Area Cod Location Eod
Angled A Inside gripitab | Bottom B
edge D At griptab A Top T

Delamination b D)
Griptab G <Wfomgrpftab W Left L
Lateral L Gage G Right R
Mult-mode M(xyz) Multiple areas M Middle M
long. Spittng S Various V' Varous v
eXplosive X Unknown U Unknown U
Other 0
a b c d

Figure 5. Failure modes for open hole tensile strength accordance to ASTM D 5766/ 5766M
a) Failure mode code b) LGM c) AGM d) MGM
The stress-extension of open hole tensile (OHT) strength for HNT-epoxy/basalt fiber nanocomposite
and neat epoxy/basalt fiver composite are given in Fig. 6. The result reveal that inclusion of HNT
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nanoparticles in epoxy composite have least influence on OHT strength. Furthermore, it seen that the
nanocomposite material gas a higher strength modulus and extension compared to neat composite. The
maximum OHT stress values of HNT-Epoxy/Basalt nanocomposite material is 342 MPa. Neat

Epoxy/Basalt composite illustrates that the maximum OHT strength value as 234 MPa according to
Table 3.

400 ——Epoxy/Basalt Fiber Composite ’ t
350 ——2 wt% HNT-Epoxy/Basalt Fiber Nanocomposite { ]Tab
- 300 P-3
By 250
S
= 200
Z ﬁ —+
= 150
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Extension (mm) * *
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Figure 6. The tensile stress-extension curves of OHT for epoxy/basalt fiber nanocomposites

Table 3. Results of OHT test

Materials Stress (MPa) Extension (mm)
0 wt% HNT-Epoxy/Basalt Fiber Composite 234,5 MPa 2,25 mm
2 wt% HNT-Epoxy/Basalt Fiber Nanocomposite  342,9 MPa 2,49 mm

The Fig. 7. demonstrates the image of the laminates nanocomposite specimens after the OHT test. It
seen that the breaking surface of composite materials are damaged in appropriate failure mode.
Furthermore, it is clear that the HNT particles additive in epoxy resin has changed the failure mode of
the nanocomposite from LGM to AGM.

Neat Epoxy/Basalt Fiber Composite

vo g

2 wt% HNT-Epoxy/Basalt Fiber Nanocomposite

Figure 7. Images of fracture surface after tensile test
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CONCLUSION

The standard tensile test and open hole tensile test for HNT-Epoxy nanocomposites were fabricated
using casting procedure to steel molding and HNT-Epoxy/Basalt Fiber nanocomposites were
manufactured using VARI methods. The following conclusion drawn are:

» HNT nano filler reinforced epoxy nanocomposite have better tensile properties than neat epoxy
composite. The maximum tensile strength is found in the 2 wt% HNT-Epoxy nanocomposites as 81,95
MPa.

» The addition of 2 wt% HNT in to epoxy has significantly improved the tensile strength by 22%.

» In open hole tensile test, the addition of 2 wt% HNT is enhanced OHT strength and failure mode of
composites is changed from LGM to AGM.

+ The experimental results illustrates that Halloysite Nanotube (HNT) reinforced epoxy
nanocomposites are better performance compare to neat epoxy composite. Accordingly, it is suggested
that HNT particle can be added in the basalt fiber composite to improve tensile strength.
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Abstract: The aim of this study is to enhance the seawater durability of epoxy resins used for marine
applications. Epoxy resin has been reinforced with various amounts of halloysite nanotubes (HNTs. The epoxy
nanocomposites have been subjected to seawater aging. Tensile and flexural tests have been performed in order
to evaluate the effect of the seawater aging on the mechanical properties. The test results showed that the HNTs
modification increased seawater durability of epoxy drastically with respect to the neat epoxy.

INTRODUCTION

Epoxy resins are commonly utilized in polymer industry because of their remarkable good mechanical
properties. Although epoxy represents exceptional mechanical performances [1], the environmental
factors such as temperature, atmosphere, water, etc. deteriorate of epoxy and result as aging [2, 3].
The high water uptake tendency in humid environment and poor crack initiation or propagation
resistance of epoxy resins greatly limits its use in marine applications [4, 5]. The absorbed water
would cause numerous undesirable effects in epoxy, such as swelling plasticization, hydrolysis and
formation of cracks [6, 7].

Addition of nanostructures into polymers have attracted increasing attention because of the unique
properties of the nanostructures [8, 9]. Nanostructures provide superior properties because of their
large surface area per unit volume. High aspect ratio of nanostructures results advance properties
thanks to the phase interactions that take place between the polymer matrix and the nanoparticles at
the interfaces [10]. Several researchers reported that the introduction of nanoparticles into the
polymers can provide barrier properties in addition to exceptional mechanical properties [7, 11-13].
Halloysite nanotubes (HNTS) are naturally-occurring tubular clay minerals with unique properties
suited to various applications due to their large aspect ratios and ease of processing. However, there is
very limited knowledge concerning the seawater durability of HNT modified nanocomposites.

In this study, the effect of seawater aging on the mechanical properties of epoxy nanocomposites
reinforced with HNTs has been investigated. The influence of HNTs addition with various on
enhancing epoxy mechanical properties in seawater immersed condition has been explored in terms of
tensile and flexural properties strength.

MATERIAL AND METHODS

The epoxy system used in this study is a commercially available DGEBA-based resin (Hexion MGS
L160) cured with an aliphatic amine hardener (Hexion MGS H160). The halloysite nanotube nano-
reinforcements (HNTs) were provided from Eczacibasi Esan Group Company. Nanocomposites were
prepared by mixing the HNT and epoxy resin with three different weight percentages (1%, 2% and
3%). The nanocomposite preparation procedures and used standards were detailed published in
previous works [14, 15]. The seawater aging of the tensile and flexural test specimens was performed
at room temperature by immersing into artificial seawater which was prepared by mixing the 6 wt%
sea salt (salt concentration about twice the average concentration in an ocean) and distilled water.
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RESULTS AND DISCUSSION

The tensile and flexural strengths of the neat epoxy and HNT modified nanocomposites (without
aging) are illustrated in Figure 1a-b. It is clear that the 2 wt% HNT modification results in the highest
tensile and flexural strengths. At 2 wt% HNT loading, the epoxy nanocomposite shows ~33% (from
58.83 to 78.05 MPa) and ~25% (from 97.54 to 121.68 MPa) increase in the tensile strength and
flexural strength. However, we noticed that both of the tensile and flexural strengths tend to decrease
with increasing HNTs content when the epoxy matrix is reinforced more than 2wt% HNT. By
comparison, the HNT modified nanocomposites exhibit higher strength values than the neat epoxy
over the whole filler contents studied.
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Figure 1. Neat and HNT modified epoxy composites: tensile strength (a) and flexural strength (b)

We have also investigated the impact of seawater aging on HNTSs reinforced epoxy nanocomposites.
Note that, our seawater experiments were carried out on room temperature with long term aging cycles
to simulate natural aging medium for the samples. The mean strength and elasticity modulus values of
neat and the 2 wt% HNT modified epoxy after immersed in seawater for 6 months are illustrated in
Figure 2a-b. It is clear that the seawater aging causes a reduction in mechanical properties. In the case
of the 2 wt% HNT-Epoxy nanocomposites, it can be seen that tensile and flexural properties less
affected for all periods of ageing time. Our finding can shows that HNTs limits the diffusion of water
molecules and therefore cause relatively less degradation of epoxy [16].
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Figure 2. Seawater effect on mechanical properties of treated samples as a function of immersion
time: tensile properties (a) and flexural properties (b)
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The optical micrographs of fracture surfaces of the dry and water treated tensile specimens are shown
in Figure 3. All specimens show different degree of surface roughness depending on immersion time.
Initially for dry conditions, the surface of neat epoxy displays smooth fracture area with respect to the
HNT-epoxy nanocomposites as seen. However, it is evident that the HNTs loading for epoxy
modification increases the roughness of the fracture surfaces. On the other hand, the seawater

immersion of epoxy induces an important increase in roughness of the fracture surface due to the
plasticization effect of water [6].

Neat Epoxy

:

2 wt% HNT/Ep

1.5
Dry

Months

3.0
Months

4.5
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Figure 3. Fracture surface morphology changing with seawater immersion time

CONCLUSION

In this work firstly, the effect of HNT loading in epoxy resins on mechanical properties was studied.
The nanocomposites made with the HNT showed dramatic improvement in mechanical properties at 2
wt% HNT loading; that is, tensile strength and flexural strength were increased by 1.32 and 1.25 times
respectively over the neat epoxy properties. After the determination of optimum HNT loading (2 wt%)
in terms of tensile and flexural performance, the degradation of epoxy was investigated by artificially
seawater ageing conditions for 6 months. Seawater ageing resulted in degradation in the tensile and
flexural properties of the neat and modified epoxy resins. However, the largest reductions are detected
for neat specimens and the smallest reduction was observed in modified epoxy specimens. As a result,

seawater ageing has much less severe effect on the 2 wt% modified nanocomposites rather than on the
neat epoxy.
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Abstract: Development and mastering of coated electrodes for welding stainless steels involves a very complex
technical - technological field and is linked to joining metal parts by welding and surfacing. The coated electrode
consists of a metal wire core to which a special coating is applied. The metal core is made of the material that
corresponds to the type of base material for which a certain electrode quality is designed. The coating of the
electrode is a mixture of powders of mineral and metal origin and is highly important for the quality of the
electrode. The paper presents the development of coating formulation for rutile and basic types of electrodes
with a metal core of INOX wire 4mm in diameter and AISI 304 quality. Development and mastered formulation
of electrode coatings designed for welding stainless steels.

Key words: coated electrodes, welding, stainless steels

INTRODUCTION

Electrode manufacturers allocate high-alloyed electrodes by quality and purpose into several groups:
High-alloyed ferritic electrodes, high-alloyed austenitic and austenitic-ferritic electrodes, high-alloyed
electrodes for welding heat resistant steels.

High-alloyed ferritic electrodes are used for welding martensitic-ferritic Cr-Ni steels and steel castings
(chem. composition of pure weld metal: 0.05-0.15%C, 13-16.5%Cr, 0.5-6%Ni, 0.3-1.1%Mo).
Classification: EN 1600: E 13 4 B 43 DIN 8556: E 13.4 MPB 30+130 AWS A-5.4: E 410 NiMo-15
ISO 3581: E 13.4 B 130 36 X JUS C.H3.017: E 13.4 B 130 36 Y INOX B 13/4 Fe REF. E 500- A/ SP
High-alloyed austenitic and austenitic-ferritic electrodes are used for welding: stabilized and
unstabilized 18/8 Cr-Ni steels, corrosion-resistant (chem. composition of pure weld metal: 0.03-
0.06%C, 18-23%Cr, 8-14.5%Ni, 2.7-4%Mo, 8x%C-Nb). Classification: EN 1600: E 19 9 Nb R 12;
DIN 8556: E 19.9 Nb R 26; AWS A-5.4: E 347-17; ISO 3581: E 19.9 Nb R 26; JUS C.H3.017: E 19.9
Nb R 26

High-alloyed ferritic-austenitic rutile electrode suitable for welding heat resistant steels 18/8 Cr-Ni
steel, (chem. composition of pure metal: 0.03-0.11%C, 20-25% Cr, 5-25%Ni, 0-4.5%Mo, 0.6-2%Mn).
Classification: EN 1600: E 25 4 R 43; DIN 8556: E 25.4 MPR 33 160; AISI: 446 ISO 3581: E 25.4 R
160 33 X; JUS C.H3.017: E 25.4 R 160 33 Y INOX R 25/4 Fe REF. E 625 - A/ SP

Development and mastering of coated electrodes for welding stainless steels includes selecting and
purchasing metal electrode cores of AISI 304 wire, 4mm in diameter. Designed was the formulation
for making rutile and basic electrode coatings according to the quality of the selected metal core and
the purpose of the high-alloyed electrode [1].

MATERIAL AND METHODS

Selection of metal cores for making coated electrodes

For making metal cores purchased was INOX AISI 304 quality wire, chemical composition shown in
Table 1 according to the certificate of the manufacturers from India. Rods for making the electrode

metal cores were cut to a length of 350 mm (length tolerance: +/- 1.0 mm) from INOX wire 4 mm in
diameter (diameter tolerance: min. 3.90 mm; max. 3.95 mm, usually 3.93 mm).
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Table 1. Marking and chemical composition of the electrode core 4 mm in diameter

Chemical composition (wt.%)
C Si Mn P S Cr Ni N
AISIS04 5027 | 037 | 1.55 | 0039 | 0013 | 1830 | 805 | 0065
D;%mritneq“ TEST CERTIFICATE (AS PER EN 10204-3.1)

Designing formulations for basic and rutile type coatings

High-alloyed rutile electrode with low carbon content, intended for welding of high-alloyed Cr-Ni
steel, Cr-Ni-Mo steel, and for welding of low-alloyed and unalloyed steels. The welds are resistant to
intercrystalline corrosion up to 400°C and oxidation up to 800°C.

The design of formulations for the rutile type coating with a core of AISI 304 wire should ensure the
target chemical composition of the weld metal: 0.03% C, 19% Cr, 9% Ni.

The high-alloyed basic electrode with low carbon content is intended for welding of high-alloyed Cr-
Ni steels and Cr-Ni-Mo steels. Welds are resistant to crack and pore initiation and have high
toughness.

The designed formulation for the basic type coating with a core of AISI 304 wire should provide the
target chemical composition of the weld metal: 0.03% C, 19% Cr, 9% Ni, 0.9% Mo and 0.3% Si [1-3].

Mastering production of selected quality of high-alloyed, basic and rutile type electrodes

Experimental production of selected quality of high-alloyed, basic and rutile type electrodes was
carried out on the production equipment in the IHIS Research and development center.
The technological process of making the coated electrodes is comprised of these basic technological
operations:

»  Composing and forming the mass of the coating and making the blocks;

» Continuous application of coating on the metal core and finishing of ends of the electrodes;

* Drying the electrodes as per a defined temperature regime.
The technological production process of coated electrodes begins by composing, weighing and
forming of a batch of rutile and basic type coating according to the designed formulation.
The next technological process is homogenization of a dry mix of powders in the V-mixer for 10-15
minutes. After homogenization the mixture is transferred to a W mixer or mixer for wet-mixing of the
coating mass by adding water glass as a binder. Due to viscosity the water glass should be kept at a
temperature of 18-23°C.
After testing the plasticity of the mixture, in a specially made extrusion tool, a pressing operation of
the mass into a coating nozzle is carried out, Figure 1. On the coating line produced is a coated
electrode with rutile and basic type coating and a core of AISI 304 quality wire, 4mm in diameter,
Figure 1c. Packed electrodes are shown in Figure 1e.
The coated electrode goes to a final drying technological process of electrode coating drying which is
performed in a dryer at a defined temperature regime, specific for rutile and specific for basic type
coatings, Figure 1d. The rutile coating contains organic matter (cellulose, starch), so the drying
temperature should not be greater than 185-190°C and humidity not greater than 0.3-0.4%. The basic
electrode coating is dried at a temperature of 355-365°C; humidity should not be more than 0.5-2% [4-
6].
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d) 9
Figure 1. A W-mixer for wet mixing of the coating mass (a), experimental electrode coating (b),
preparing of metal core, a rod 4 mm in diameter and a length of 350 mm (c), the electrodes, after
drying, (c) and samples of the electrodes after drying and packaging (d, e)

Test welding of stainless steel with the new rutile and basic type electrode

To perform the test welding and surfacing with a new electrode with rutile and basic type coating
selected was a base material of AISI 304 stainless steel strips of a thickness of 15 mm. The
investigation of the chemical composition of the base material and the weld metal and also hardness
testing of the welded joint were done at the firm Kontrol Inspekt d.o.0. Belgrade. Results of chemical
composition of the AISI 304 base material, thickness 15 mm are given in Table 2.

Table 2. Chemical composition of the base material AISI 304 guality, thickness 15mm
Chemical composition (wt.%0)
C Si Mn Cu Cr Mo Ni \Y Nb Ti Co
0.049 | 0.49 1.08 055 | 17.74 | 0.27 8.19 | 0.073 | 0.02 0.28 0.14

Test welding and surfacing with a produced electrode with a rutile type coating was carried out on the
ESAB DTB 250 AC-DC device, Figure 2, with the parameters given in Table 3.
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a)
Figure 2. The ESAB DTB 250 AC-DC device for experimental MMA- process welding with a new
electrode

Table 3. Rutile electrode welding parameters

Electrode d Welding parameters
marking [mm] | V,[V] C, [A] 6, [cm/min]
Rutile 4.0 24 110-165 23-30

Welding with a rutile electrode with the new coating formulation gives a good quality of slag and its
separation from the weld face after cooling as well as a satisfactory weld metal surface quality, Figure
3a, b, c,d.

a) b) o ) | d)
Figure 3. Surface appearance of the surfacing obtained experimentally by surfacing AlISI 304 stainless
steel with the new rutile electrode

Experimental welding with the new basic electrode intended for welding of stainless steels was
performed with the ESAB DTB AS 250-DS device and parameters given in Table 4.

Table 4. Parameters for welding with the new basic electrode

Electrode d Welding parameters
marking [mm] | V,[V] C, [A] g,[cm/min]
Basic 4.0 24 110-140 23-30
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The mastered formulation for the coating of the basic electrode with a core of AISI 304 quality wire
provides a good quality of weld metal, and the slag forms evenly over the surface of the weld metal
and separates well. The appearance of the weld face is of a satisfactory quality, Figure 4 a, b.

-

a)
Figure 4. Experimental surfacing of AISI 304 stainless steel using MMA-process with the basic
electrode

RESULTS AND DISCUSSION

In addition to visual control and quality evaluation of the surfacing made with the produced high-
alloyed rutile and basic electrodes carried out was the examination of the chemical composition and
hardness of weld metal made with the rutile and basic electrodes [2-6].

Test results of the chemical composition of pure weld metal and hardness as per the Brinell test (BH)
made by using the produced rutile electrode are given in Table 5.

Table 5. The chemical compositions of pure weld metal made using the rutile electrode
Chemical composition (wt.%
C Si Mn Cu Cr Mo Ni V Ti Nb Co
0.071 | 0.46 1.60 030 | 15.17 | 0.21 9.34 | 0.079 | 0.30 0.05 0.18
e Surfacing hardness 151 BH

Test results of the chemical composition of pure weld metal and hardness as per the Brinell test (BH)
made by using the produced basic electrode are given in Table 6.

Table 6. The chemical compositions of pure weld metal made using the basic electrode
Chemical composition (wt.%
C Si Mn Cu Cr Mo Ni V Ti Nb Co
0.068 | 0.40 1.52 030 | 1523 | 0.21 9.16 | 0.080 | 0.02 0.05 0.18
e Surfacing hardness 136 BH

CONCLUSION

Based on the obtained results of experimental surfacing, of high-alloyed AISI 304 stainless steel made
with the mastered rutile and basic type electrodes, reliable conclusions can be made:

» The mastered formulation for coating of rutile and basic type coated electrodes for welding
AISI 304 stainless steels shows a satisfactory level of quality and the designed chemical
composition of the weld metal,

* The quality of the electric arc and liquid metal transfer is of satisfactory quality;

» Distribution of slag on the surface of the weld metal is good and it separates well from the
surface after cooling of the weld metal;

* The surface quality of the weld metal after cooling and removing of slag is satisfactory;

» Splatter of liquid metal in comparison to using electrodes of a known manufacturer
demonstrates satisfactory results.
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The mastered formulations for rutile and basic type coatings is a good basis for further
successful development of the coating formulation as well as other metallurgical qualities of
coated electrodes intended for welding high-alloyed steels and alloys.
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Abstract: The plasma spray coatings are subject to high influence of surface loads, corrosion, and temperatures
which cause damage in the form of separation of the coating from the substrate or flacking of the coating from
the substrate edges. Adhesion is the main factor that opposes the influence of the external loads, and defines the
quality of the bond of the coating with the substrate. Each type of coating has a determined quality of adhesion
as per appropriate standard in order to meet functional properties during operation.

There is no universal coating test for all types of the coatings, the test is chosen depending on the technology
used for the production of the coating, the type of material from which it was made and its thickness. One of the
many tests that are used for assessment of adhesion / cohesion strength of plasma spray coatings is the scratch
test. The aim of this paper was to evaluate the cohesive / adhesive strength of the plasma spray
Ni22Cr10AllYalloycoating. The testing was conducted using the Rockwell C diamond indenter with a tip radius
of 200 pm. The results showed that the scratch test is an efficient method for assessment of adhesion and
cohesion of plasma spray coatings.

Keywords: plasma spray coatings, Ni22Cr10AILY, scratch test, adhesion strength, cohesion strength

INTRODUCTION

For testing adhesion / cohesion strength of thin and thick coatings a large number of laboratory tests
are standardized [1], [2], [3]. The scratch test is a reliable and simple method for determining the
coating adhesion bond strength with the substrate. In order for the inorganic oxide ceramics and the
organic HA - hydroxyapatite ceramics to be used as functional biomedical coatings on a substrate, the
deposited layers of the ceramic coatings must be without defects and detailed adhesion / cohesion
strength tests must be performed. For testing the adhesion of coatings using the scratch method used is
a micro scratch tester and a nano scratch tester. The micro scratch device uses a Rockwell C diamond
with a radius of: 10, 20, 50, 100, 200, 400, 800 um and the nano scratch device uses a spherical
diamond with a radius of: 1, 2, 5, 10, 20 um (a = 90 ° or 60 °). Most commercial devices use the
Rockwell C diamond indenter with a tip radius of 200 um. This indenter has been used for years for
examining the adhesion of coatings a thickness of 0.1 - 30 um by scratching the surface of the coating.
The same indenter can be used for testing thicker plasma spray coatings by scratching the coating
surface on the cross section. Depending on the type of the coating material and its thickness other
types of indenters may be used, [1]. Adhesion testing of thicker plasma spray coatings is carried out on
the polished cross-sectional surface of the sample. Due to the availability of the diamond Rockwell C
device with a radius of 200 um and the simplicity of the test it is frequently used to determine the
adhesion of plasma spray coatings. In addition to the normal Fn force in the course of testing the depth
of penetration of the indenter and the force of friction can also be determined. The acoustic signal
detector is placed above the diamond indenter (needle) and registers the vibrations which occur on the
emergence of damage. In addition to the acoustic sensor, the device has sensors that register friction
force. The movement of the indenter along the sample leads to the formation of different damages
depending on: the stress at the interface, the cohesion strength between the lamellae, the share and size
of the micro pores, the presence of unmelted particles, micro-cracks, oxides, micro-hardness and the
value of the applied Fn force. Due to the simplicity of the test, the scratch test is very suitable for
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optimization of the plasma spray powder deposition parameters in order to produce a coating with
optimal mechanical and structural properties, [1].

This paper analyzes the assessment of the adhesion / cohesion strength of plasma spray VPS -
Ni22Cr10AI1Y coating using the scratch test on the cross section of the coating, using bulletins
describing the screening procedure [4]. For scratch testing used was the plasma spray
Ni22Cr10AllYcoating deposited on an INCONEL X-750 alloy substrate 20x10x5 mm in size. The
results showed that the method is effective and the values were discussed.

MATERIALS AND EXPERIMENTAL DETAILS

For the production of the coating,the powder AMDRY mark 9624 wasused,which is an alloy of nickel
with a content of 22 wt% Cr, 10 wt% Al and 1 wt% Y. The powder had a range of granulation from 11
to 37um, [5]. The deposition of the powder was carried out at low pressure with the vacuum plasma
spray system of the company Plasma Technik AG using the control board A-2000 and the F4 plasma
gun. As the plasma gas a mixture of Ar / H2 gases was used. Prior to deposition of the powder,
cleaning and preheating of the surface of the substrate made of INCONEL X-750 alloy was carried out
by transferred arc at a temperature of 850°C [6]. To assess the adhesion / cohesion coating strength
using the scratch test, the coating layers were deposited on a sample of the alloy INCONEL X-750
dimensions of 20x10x5 mm. The test specimen was prepared by cutting, grinding and polishing, as in
the hardness test, and the scratch load was conducted on the cross section of the sample that was
mounted in bakelite. Scratching was conducted using the Rockwell Cmethod with a diamond indenter
with a radius of 200 um with a normal Fnforce, [4]. During the trials, the diamond indenter was
moving at a constant speed over the surface of the sample in the direction from the substrate to the
interface with the coating and the surface of the coating, as shown schematically in Fig.1.

Fn

Indenter

\Scratch direction

Substrate O

N~
Coating Cﬁ hesion

Figure 1. A schematic representation of the scratch test
For the tests used were three different normal Fnforces (10, 25, and 39 N) at a constant speed of the
indenter of 1 mm / min. For all the loads applied thelength of scratches was 0.7 mm. The geometry of
the indented coating was different and under the influence of the applied normal Fnload.

RESULTS AND DISCUSSION

The microstructure of the Ni22Cr10AILlY coating deposited in a vacuum was quite homogeneous with
a good bond to the substrate. The results obtained by scratch testing show good adhesion and cohesion
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of the coating for the applied load, as shown in Fig. 2. For the indent made with 10N observed was
that the stresses entered with normal Fn force together with residual stresses in the coating did not
cause any changes on the interface, such as micro-cracks or plastic deformation of the substrate or
coating, as can be seen in Fig. 2b). With increasing the load to 25N changes occur on the interface and
coating layers. The channel made with the indenter is wider than the width of the channel made with a
load of 10N. Increased stress together with the residual stresses in the interface area cause plastic
deformation of the substrate and coating.

Figure 2. BM microstructure: a) NiCrAlY coating; b) the surface scratch with a load force of 10N; c)
the surface scratch with a load force of 25N and d) the surface scratch with a load force of 39N.

The material of the substrate with the primary y-phase due to plasticity penetrates into the coating in
the direction of the normal Fn force, which also plastically deforms the coating which has the same
basic structure with the y-phase. Due to the plastic deformation in the area of the interface and the
coating micro or macro cracks do not appear. On the surface of the coating, as a result of the highest
stress condition a highest degree of plastic deformation is observed, cone shaped, as shown in Fig.
2¢).As the normal Fn force increases to 39N in the interface area the degree of plastic deformation of
the substrate and coating increases. On the interface no crack appears indicating very good adhesion
strength caused by good adhesion of coating to the substrate. The surface of the formed cone is a
function of the load, and its value depends on: the residual stress in the coating layers, coating
toughness, hardness and microstructure of the coating. To a certain degree of normal load Fn for
materials that are plastic, such as the NiCrAlY alloy characteristic is a linear increase of the
longitudinal parts of the cones indicating a good inter-lamellar bond and a good bond of the layers,
which are deposited layer by layer to the formation of the final coating thickness. At one point, with an
increase of the normal load Fn the stress in the coating exceeds the plastic deformation, and causes the
appearance of a cone shaped crack in the coating which extends in the direction of movement of the
indenter from the deeper layers of the coating to the surface of the coating. The formed cone surface is
calculated as the product of the lengths derived by the equation Ac = Lx - Ly, as shown in the Figure
2d). The formed crack in the shape of a cone with a surface of A, is the main factor for assessing the
adhesion / cohesion strength of the coating. The surfaces of the cones or plastic deformation of the
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material of the substrate and the coating which occur during the test at the substrate / coating interface
characterize the coating adhesion and the cone shaped fractures in the coating characterize the coating
cohesion. The larger the cone shaped fracture surface, the lower the bond strength of the coating. This
is a basic factor for optimizing powder deposition parameters. In the tested coating the cone shaped
fracture occurred within the coatings, but not at the interface, which indicates good adhesion and a
cohesion fracture caused by the stress state of the layers in the deposited coating.

CONCLUSION

Based on the performed scratch test characterization of plasma spray VPS-Ni22Cr10Al1Y coatingthe
following conclusion can be made:

The scratch test as a mechanical method of testing coatings confirmed that it can be successfully
applied for this type of material for the assessment of adhesion / cohesion strength, as expected based
on set procedures and standards.

The test analysis shows good adhesion of the coating because at the substrate / coating interface plastic
deformation of the substrate and the coating occurred instead of the creation of micro cracks.

The results showed that the scratch test can be successfully used as an effective method for assessing
the cohesion of plasma spray coatings.
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Abstract: This work presents the work of studying separately by means of a theoretical approach and by means
of three dimensional modeling (by CAD) of the characteristic - diametrical deformation depending on the
diametrical load of a dynamometric ring whose cross-section is not constant in its geometry. The way to obtain
this dependence through the theoretical approach is demonstrated by applying the method of numerical
integration of the expressions obtained by applying the second Castigliano's theorem in order to find the
displacement of the point of application of concentrated force in the direction of its line of action. Also given are
the results of the simulation loading of the 3-D model of the investigated ring. Finally, these all results are
compared with the experimental ones and some conclusions are made.

Key words: proving ring, deflection characteristic with respect to applied force, Castigliano’s second theorem

INTRODUCTION

It is well known that dynamometric proving rings are devices for measuring forces [1]. The
dynamometric rings are of different sizes [2] (figure 1a). They are made of alloy steel and their
production includes rough machining of forged blanks, thermo-treatment and precise grinding to the
final size and roughness of their surfaces. In general every such device consists of two main elements,
the elastic ring itself and the diameter-measuring system located in the center of the ring [1][2]. Forces
are applied to the ring through the external bosses. The resulting change in diameter, referred to as the
deflection of the ring, is measured with a measuring system presented here (Figure 1 b) by a precision
micrometer and the vibrating reed mounted diametrically within the ring. The concept and design [1]
of proving rings (Figure 1-b) were created originally by Whittmore and Petrenko at the (US) National
Bureau of Standards (now called the National Institute of Standards and Technology). To measure the
diameter of the ring, the reed is inserted into the vibration mode by tapping it with a pencil slightly. As
the reed vibrates, the micrometer screw is adjusted until the tip of the spindle begins to touch the free
end of the vibrating reed by extinguishing vibrations. The touch generates a buzzing sound [2], and
this is the time to take into account the change of the diameter of the ring. This technique provides
repetitive and stable indications with an accuracy of about 1 + 2um [3]. Nowadays, in the newer
systems with dynamometric proving rings, the micrometer and the reed after Whittmore&Petrenko's
design are replaced by a built-in metering dial indicator, by a set of electrical resistive strain gauges
using a Wheatstone bridge, or by a video camera and software for ring size measurement.

External boss
Internal boss .
-Proving ring
-
PR ‘d. -
----- 7% Micrometer .
Internal boss
—External boss -
b c

Figure 1. a) Proving rings in a variety of sizes; b) Schematic of a proving ring having external bosses
for attachment and internal bosses and the precision deflection-measuring system presented with a
micrometer and a vibrating reed; c) Proving ring deflections at compression or tension forces.
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The proving rings (Figure 1-c) can be used and can be designed to measure compressive forces, tensile
forces, or both types of forces. In particular, the tensile force measuring rings [2] are most often made
with external threaded bosses and are provided with pulling rods which are screwed into the bosses.
Typically, the proving rings are designed to have a deflection of about 0.84 mm to 4.24 mm and are
designed in such way to have the relative measurement uncertainty from 0.075% to about 0.0125%.
When loading with the forces for measuring in the rings internal forces arise - bending, shearing and
tension, which change along the circular perimeter of the rings. These internal forces can be
determined by applying the so-called general theorems of Strength of Materials (e.g. of Castigliano
and this of Menabrea) [4], [5], [6]. For example, at load of a thin circular ring according to Figure 2-a,
the diagrams of distribution of normal internal force, tangential internal force, and bending moment
will respectively be as shown in Figure 2-b, Figure 2-c and Figure 2-d (see [6], page 533).

Jadadena
cuc mema

B g5pP
Figure 2. Thin planar circular ring [6, page 533] a) Load scheme; b) Diagram of distribution of the
normal internal force; ¢) Diagram of distribution of the tangential internal force; d) Bending moment
distribution diagram.

It is stated in the literature that the bending moment is decisive both for the strength ([7], page 89) and
for the magnitude of the deformation ([5], page 170), whereas the influence of the other two internal
forces (normal and tangential) is negligible. As the bending moment changes (as it could be seen from
its diagram of distribution- Figure 2-d) under a certain periodic law on the circumference of the ring, it
could be applied the principle of designing with the uniform strength. According this principle the
geometric resistivity characteristics (section modules) of the cross-sections of the ring should be
designed to be proportional (on permissible structural degree) to their corresponding internal forces (in
this case the bending moment). In the case of a circular proving ring, the maximum bending moments
are in the cross-sections passing through the line of applying of the measured two opposing forces as
well as through the perpendicular of that direction (see Figure 2-d), whereas the bending moments in
the segments of the ring between these two directions are minimal.
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Figure 3. Design sketch (a) and realization (b) of a dynamometric proving ring.
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This gives rise to the idea of constructing and testing a force measuring ring (Fig. 3) with non-uniform
cross-section, which under conditions of guaranteed strength provides greater elastic flexibility of the
ring and hence its greater sensitivity as a measuring element. Similar designs are known in the
literature [8]. In the design under consideration, the aim is to create an elastic element composed of
simple and technologically easy to implement surfaces - cylindrical and planar.

In this work are presented the theoretical and model 3D-CAD characteristics of the investigated
dynamometric ring and these characteristics are compared with each other and then they are compared
to experimentally obtained one.

THIN PROVING RING WITH CONSTANT CROSS SECTION
Internal forces induced by load with diametrical compressive forces

By the name “thin ring” is meant a ring (Figure 4-a) whose dimensions of the cross-section (h = 2.5
mm) in radial direction are negligible in comparisone to the diameter (59 mm), and under a ring
with constant (or invariable) cross-section is meant a ring, whose cross-section has constant
dimensions (here h = 2.5 mm and b = 22 mm). The proving ring has to bear load both compressive and
tensile . In here case, let the load is with two equal opposite compressive diametral forces. To
determine the internal forces and the elastic characteristic "Diametral deflection - Load", the general
theorems from Strength Of Materials can be used - the Castigliano's second theorem which state that
first partial derivative of the total internal energy in the structure (in case here - the proving ring) with
respect to the force applied at any point is equal to the deflection at the point of application of that
force in the direction of its line of action and the Menabrea theorem that the first partial derivative of
potential energy U of a elastic body with respect to statically indeterminate in internal force (in case
here - the bending moment X1) is zero (Eq.1)(because internal forces do not carry out any work).

(5U/5X1) =0 (1)

PR(1/2-111) yP pre1/2 - 1/m)

R

Figure 4. Thin ring: @) Dimensions and load scheme; b) Scheme for determining of the staticaly
undetermined bending moment X1; c) Scheme for determining the internal forces (normal force N,
tangential force Q and bending moment M) with respect to the angular coordinate of cross-section ¢.

The thin ring (Figure 4-a) is a closed planar contour and is three times statically indetermined [6, page
532] and has two planes of symmetry, both - the horizontal and the vertical (the last is where the two
compressive forces P act). If the ring is cut off in the horizontal plane of symmetry and the equilibrium
of the upper half (Figure 4-b) is checked, then in the cross-sections (left A and right B) the tangential
efforts will be zero because they are antisymmetrical [6, page 524] [5, page 209]. Again, from
symmetry with respect to the vertical plane in which the forces P act, it follows that Na=Ng =P /2
and Ma = Mg = Xj. Unknown here will be the moments in cross-sections A and B, denoted by X.
When considering the equilibrium of the shaded part (Fig. 4-c), the internal forces (normal N,
tangential Q and bending moment M) can be expressed in any section as functions of the angular
coordinate ¢ (R is the mean radius of the cross-sections):

125



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

S Fi=N + (P/2).cos¢ = 0 ~—  N=N(g)=- (P/2).cosp )
S F,=Q — (P2)sing =0 ~>  Q=0Q() = (P/2)sing (3)
S My =M — (P/2).(R — R.cosg) + X; =0 2> M=M(g) = - X1 + (PR/2).(1 - cose) (4)

The expression of the potential energy of the defformed elastic ring with an unchangeable cross-
sections is given by (5) where: F is the cross-sectional area, E - the modulus of elasticity of the ring’s
material, G - the modulus of the angular deformations of the material, J — the moment of inertia of the
cross-section of the ring, k - characteristic constant [6, page 303] of the cross-section which is related
to calculating the potential energy of the deformation caused by the tangential internal force Q:
U =4{)™ [N(@)¥(2.E.F)].R.dp + [i™ [k.Q(@)¥(2.G.F)].R.dp + [™ [M(9)¥(2.EJ].Rdp}  (5)
In (5) the integration is performed from 0 to n/2 radians for one of four similar arcs (all equal to a
quarter of a full circle) of the ring and then the result is multiplied by a factor of 4 to obtain the
potential energy of the entire ring deformation. For the determination of X; he theorem of Menabrea
(1) is used, according to which (2), (3), (4) and (5) is obtained (in (6) it should take into account that
the partial derivative SM()/6X1 =—1 # 0, but SN(p)/6X1 = 0 and 8Q(¢)/X1 = 0):
(BUI8X1) = 4. J¢72 (L/EJ).M().(8M(p)/8X1) = (4EJ)f o™ (- X1 + (PR/2).(1—cose))(-1)R.dp =0 (6)
,where E = const and J = const. From equation (6) for X; is obtained:
X1 = (PR).(1/2 — 1/7) (7
Thus the function of the change of the bending moment M from (4) is obtained:
M = (PR/2).(2/r — cos¢) )
Characteristic - deflection of the ring's diameter with respect of the applied load P
After obtaining the expressions of the internal forces N, Q and M as functions of the parameter ¢ in
analytical form, the determination of the diameter deflection's (A) dependence to the applied load (P)
is performed by applying the Castigliano’s second theorem [6, page 488], taking into account that
SN/SP = — (1/2).cose, 8Q/3P = (1/2).sing and 3M/SP = (R/2).(2/m — coseg) in the expressions below:
A = 38U/5P
=4 {[o"[N()/(E.F)].(8N/8P).R.do+[o"[k.Q(¢)/(G.F)].(8Q/5P).R.do+ o™ [M(¢)/(E.J)].(SM/SP).R.d¢}
= 4 {[(P.R)/(4.E.F)].Jo"%cos¥(¢).do
+ [(P.k.R)/(4.G.F)].Jo"%sin?(¢).de

+ [(P.R3)/(4.E.0)].[(4/72) Jo"?d¢ — 2.(2/m).Jo"4(cosp).de + [o2(cos?e).dp]} (9)
Or:
A = (n/4).[RI(E.F)].P + (k.n/4).[R/(G.F)].P + (2/n + n/4 — 4/%).[R¥/(E.J)].P (10)

The first two addends in (10) generated from N and Q are negligible with respect to the third addend,
which is derived from the contribution of the bending moment M, and therefore we can assume that:

A~ (2In + /4 — 4/m).[RY(E.J)].P = (0.14877839).[R¥/(E.J)].P (11)
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This result gives the relationship between the deflection A of the diameter of the ring and the applied
force P in analytical form and overlaps with the results in [4, page 24], [6, page 508]. The reciprocal of
(11) will be the elastic characteristic "Load P - Diameter Change (Deflection) A".

THIN PROVING RING WITH NON-CONSTANT CROSS-SECTION
Internal forces induced by load with diametrical compressive forces

Again under the name thin ring is meant a ring (Figure 3-a) whose dimensions in the radial direction
of the cross-section are negligible in relation to its diameter. Here, however, the ring has a non-
constant cross-section because, although the width b = 22 mm is constant, the other dimension - the
thickness h varies from 1 to 2.5 mm through a 90° angle. In addition, this ring has 4 holes &6.1 mm
(two vertical and two horizontal) to fastening the force-receiving elements, which also cause a non-
constant cross-section. Again, to determine the internal forces and the elastic characteristic
"Diameter's Deflection A - Applied Force P" at load with two opposite, compressive and equal
diametrical forces, the general theorems from Strength of Materials are used - the Castigliano's second
theorem and the Menabrea theorem. Here again the expressions for the internal forces (normal N,
tangential Q and bending moment M) in the cross-section with the angular coordinate ¢ (it can be used
again Figure 4-c) can be given with the expressions (2), (3) and (4), but the mean cross-sectional radii
R =R () and axial moment of inertia of the cross-section J = J (¢) are no longer constants, but they
change with respect of ¢. This makes it practically impossible to solve analytically way the integrals
from (6) for determining the moment X in the cross-sections A and B and the integrals from (9) for
determining the deflection A of the diameter. For this a numerical integration by means of trapezium
rule was applied here using the Microsoft Excel program (Figure 5), with predefined characteristics R
=R (p) and J =J (o) at a step of an interval of a 8¢ = 5° angle step.

A B C D E F G H 1 J K L M N o} P Q R S T u
1 n 2 13 IntM1 IntmM2 IntMz
2
3 [fi[deg] [filrad] |Rsim] |Ro[m] |Rav[m] |h[m] [bIm] _[s[m~4] [fi cplrad] [Jcp [ma]] [Rav/1 Tep] Rav*cosFifJ [costfi) [cosaafi)  [sineaffi)  [Rea(fip/athi) |
a 0 0 0.027 0.0295 0.02825 0.0025 0.016 2.08E-11 1.36E+09 1.36E+09 1 1 0 1082172.75
5 5 0.087266 0.027 0.0295 0.02825 0.0025 0.01859 2.42E-11 0.043633 2.25E-11 110090093 1.176+09 3.1100E+06 1.16E+09 3.1046E+06 0.396194698 0.992403877 0.007596123 931402.0441 4.55304E-08 4.28579E-07 4.25
6 10 0.174533 0.02715 0.0295 0.028325 0.00235 0.022 2.38E-11 01309 2.4E-11 102868255 1.19E+09 2.9099E+06 1.17E+09 2.8821E+06 0.984807753 0.96984631 0.03015363 955134.9436 4.25437E-08  4.0154E-07 3.
7 15 0.261799 0.027495 0.0295 0.028498 0.002005 0.022 1.48E-11 0.218166 1.93E-11 136149990 1.93E#09 3.8710E+06 1.86E+09 3.7669E+06 0.965925826 0.933012702 0.066987298 1567262.79 5.63082E-08 5.3688£-07  5.(
8 20 0.349066 0.027795 0.0295 0.028647 0.001705 0.022 9.09E-12 0.305433 1.196-11 221653412 3.15E409 6.3372E+06 2.96E+09 6.0179E+06 0.939692621 0.883022222 0.116977778 2585165.763 9.16702E-08 8.83824E-07 7.9%
s 35 0.436332 0023045 00295 0.025772 0.001455  0.022 5.65E-12 0.392699 7.37E-12 359551135 5.096409 1.0328E407 4.61E409 9.4917E+06 0.306307787 0.821393805 0.173606195 4213309181 1AS70IE-07 L447ISE-06 1.2
10 30 0523599 0.028242  0.0295 0.028871 0.001258  0.022 3.65E-12 0.479966 A.65E-12 567093314 7.91E#03 1.6351E507 6.85E409 14417E+07 0.866025404 075 025 6590382.08 2.34535E-07 2.29964E-05 L7%
11 35 0.610865 0.028385 0.0295 0.028%42 0.001115 0.022 2.54E-12 0.567232 3.1E-12 841301058 1.14E+10 2.4325E+07 9.32E+09 2.0392E+07 0.819152044 0.671010072 0.328989928 9527994.039  3.47941E-07 3.43072E-06 2.41
12 40 0.698132 0.028471 0.0295 0.028985 0.001029 0.022 2E-12 0.654498 2.27E-12 1129297712 1.45E+10 3.2712E+07 1.11E+10 2.5822E+07 0.766044443 0.586824089 0.413175911 121881474 4.67049E-07 4.62217E-06 2.8¢
13 45 0.785398 0.0285 0.0295 0.029 0.001 0.022 1.83E-12 0.741765 1.92E-12 1323185463 1.58E+10 3.8363E+07 1.12E+10 2.8208E+07 0.707106781 0.5 0.5 13303090.91 5.47236E-07 5.42568E-06 2.92
14 50 0.872665 0.028471 0.0295 0.028985 0.001029 0.022 2E-12 0.829031 1.92E-12 1323185463 1.45E+10 3.8363E+07 9.326+09 2.5947+07 0.64278761 0.413175911 0.586824083 121881474 5.47236E-07 5.42568E-06 2.4
15 55 0.959931 0.028385 0.0295 0.028942 0.001115 0.022 2.54E-12 0.916298 2.27E-12 1129297712 1.14E+10 3.2712E+07 6.52E+09 2.0033E+07 0.573576436 0.328989928 0.671010072 9527994.039  4.67049E-07 4.62217t-06 1:
16 60 1.017158 0.028242 00295 0.028871 0.001258  0.022 3.65E-12 1003564 3.1E-12 S41301058 7.91E#09 2.4325E+07 3.85E409 13219E+07 0s 0.25 075 6590382.08 3.47341E-07 3.43072E-05 101
17 65 1134464 0.028045 00295 0.028772 0.001455  0.022 5.65E-12 1090831 4.65E-12 567093314 5.096+03 1.635IEH07 2.15E+09 7.680BE+06 0.422618262 0.178606195 0.821393805 4213509181 2.34535E-07 2.29964E-06 5.1C
18 70 1.22173 0.027795 0.0295 0.028647 0.001705 0.022 9.09E-12 1.178097 7.37E-12 359551135 3.15E#09 1.0328E+07 1.08E+09 4.0474E+06 0.342020143 0.116977778 0.883022222 2585165.763 1.48701E-07 1.44715E-06 2.2¢
19 75 1.308997 0.027495 0.0295 0.028498 0.002005 0.022 1.48E-11 1.265364 1.19E-11 221653412 1.93E#09 6.3372E+06 4.99E+08 1.9678E+06 0.258819045 0.066987298 0.933012702 1567262.79 9.16702E-08 8.83824E-07 8.6
20 80 1396263 0.02715 0.0295 0.028325 0.00235 0.022 2.38E-11 1.35263 1.93E-11 136149990 1.19E409 3.8710E+06 2.07E+08 8.7657E+05 0.173648178 0.03015369 0.96984631 955134.9436 5.63082E-08 5.3688E-07 2.8
21 85 1.48353 0.027 0.0295  0.02825 0.0025 0.01859 2.42E-11 1439897 2.4E-11 102868255 1.17E+09 2.9099e+06 1.02E+08 3.8088E+05 0.087155743 0.007596123 0.992403877 931402.0441 4.25437E-08  4.0154E-07 7.6
22 90 1.570796 0.027 0.0295 0.02825 0.0025 0.016 2.08E-11 1.527163 2.25E-11 110090093 1.36E409 3.1100E+06 2.19E-06 1.2538E+05 1.61557E-15 2.61007E-30 1 1082172.75 4.55304E-08 4.28579E-07 1.5
23 9532330861 2.7661E408 188385408 La
24
25 dfilrad]= 0.087266 DeltaMcoef = 1.39065E-06

26 X13aP=1 0.004604

Figure 5. Microsoft Excel program for determining the moment X in the cross-sections A and B and
the deflection of the diameter A by means of numerical integration.

Because of that the expression (6) is recorded in such way:

(5U/5X1) =
WEXXL[™[R(0)(9)].do — (P12).[e*[R¥(@)I(¢)].d¢ + (P/2).Jo™[R¥(p).cosp/I(¢)].dp} =0  (12)

Integrals from (12):
1 = [o™[R(9)/)(¢)].do (13)
2= [0™’[R¥(0))(9)].do (14)

I3 = [ o"[R¥(p).COS0/I(¢)].dop (15)

127



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

are solved numerically by means of the trapezium rule and then is found X.

X1= [(I2— 15)/11].(P/2) (16)
About function of the change of the bending moment with respect of ¢ from (4) and (16) it is obtained:
M = (P/2).[(12 - 13)/11 — R(o) + R(p).cose)] 7
Characteristic - deflection of the ring's diameter with respect of the applied load P

Again, the determination of the dependence of the deflection of the diameter || - the applied load P is
performed by applying the Castigliano’s second theorem [6, page 488], and again it should take into
account that SN/SP = — (1/2).cose, 8Q/dP = (1/2).sing, but here from (17) follows:

SMI/SP = (1/2).[(12 - 1s)/11 — R(p) + R(¢).cose)] (18)
That way the expression for determination of A is obtained as:

A = SUISP = 4.(P14) {(L/E).Js™[R(9)/F(9)].cos2(@).do + (KIG).Ji*2.[R(9)/F()].sin%(e).de +
(/E).[((1— 13)/11)2.J™[R(9)A()].do + Jo™2[R¥(p)/I(9)].dep + [5™2[R3(p).cOSX()/I(p)].cep +
2.[((1-13)/11).[6™*[R*().cos ()3 (9)].do]—((I—13)/11). [ [R*(9) I ()]-dp—Jo™[R%(p).cOS(p)/I ()] .dep] }

In the above expression, the integrals are solved by numerical integration by means of trapezium rule.
If we neglect the part of A, which arises from the internal forces N and Q (and the numerical results
have shown that their share is one hundred times smaller than the one generated by the bending
moment M), then for deflection A it could enroll:

A = (PIE).[((12- 1)/ J™[R(©)A3(@)]-do + [ [R*(0)I(@)]-dp + [’ [R¥(¢).cos*()/I(@)]-dp +
2.[((12-12)/12).Jo™[R?(0).c08(@) (@) ]-dp]~((12-12)/12). [ [R*() ()] dp—Jo™*[R*(9) .cos()/I()] . dp]}

In the case of a selected material 40X for the ring according to the Russian standard (the American
analogue is AISI 1045 Steel with E = 2.05.10''Pa and G = 8.10'%Pa) after numerical integration from
the above expression, the relationship between A in m and P in N is obtained as:

A =1.39065.10°.P, m (19)
3-D MODELLING OF THE PROVING RING BY MEANS OF CAD

To verify and to compare the results of the above dependence (19), a 3-D model (Figure 6-a) of the
dynamometer proving ring it have been constructed by means of the CAD software product
SolidWorks 2013 according to the geometric dimensions of Figure 3. Then, using the embedded
package Simulation which uses the finite element method, the deflections (Figure 6-c) of the vertical
diameter under load according to Figure 4-a, as well as the Von Mises equivalent stresses, were
examined. The results are summarized in Table 1 and in graphical way (Figure 8).

EXPERIMENTAL EXAMINATION
The proving ring (Figure 3-b) is made from steel 40X (Russian standard)) and has been loaded by
means of a special spring testing machine (Figure 7-a). Reading of load is done by the indicator of the

testing machine, and the ring diameter deflections was measured by means of dial indicator for linear
measuring mounted in the ring. The results are summarized in Table 1 and graphical way (Figure 8).
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Figure 6. a) 3-D model, b) Von Mises equivalent stresses at P=1000 N, c) deflections at P=1000 N.

Figure 7. Experimental tests - a) spring testing machine, b) ring attachment, c) attaching the dial
indicator for linear measuring to the ring.

RESULTS AND DISCUSSION
Table 1 summarizes the results obtained: by means of the theoretical investigation, by means of the
simulation of loading of the 3-D model in the SolidWorks 2013 in CAD environment and by means of

the experimental tests.

Table 1. Results - theoretical, from 3-D model and experimental

Non Experimental | 3-D model | After Castigliano Experimental
Load P, N Deformation A, mm Load P, N Deformation A, mm
0 0 0 0 0
100 0.1388 0.139065084 98.0665 0.15
200 0.2775 0.278130169 196.133 0.29
300 0.4163 0.417195253 294.1995 0.45
400 0.555 0.556260338 392.266 0.6
500 0.6938 0.695325422 490.3325 0.79
600 0.8325 0.834390506 588.399 0.95
700 0.9713 0.973455591 686.4655 1.13
800 1.11 1.112520675 784.532 1.3
900 1.249 1.25158576 882.5985 1.48
1000 1.388 1.390650844 961.0517 1.64

These results are illustrated in Figure 8. It is seen that theoretical rasults and results derived by means
of 3-D modeling practically coincide. The experimental results are close to the theoretical and the
ones obtained by means of modeling, but the steepness of the experimental "deformation - load"
dependence is greater and that steepness of this dependence increases when the loading increases. The
reasons for this deviation should be sought in the imperfection of the experimental system: the way of

129



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

loading application, the way of load reading, the way the ring is attached, etc. Other possible sources
are the deviations of the actual dimensions of the ring and of the deviation of the elasticity parameters
of the material (E and G) from those of the theoretical or model ones, the deviation of the actual axis
of measurement from theoretical axis, influence of the attachment of the dial indicator for linear
measuring on the characteristics of the ring itself, etc.

y e
1.2 / /
) e

0.8 —e—Experiment
0.6 after Casteliano
0.4 / ——3-D model
0.2 /
0 /

0 260 4(50 6(1.)0 860 1(;00
Load PN
Figure 8. Graphs of the dependences "deflection A - loading P".

Deformation A, mm

CONCLUSION

The proving rings with variable cross-sectional geometry are more difficult for theoretically deriving
of the "diametrical deformation - diametrical load" dependence. This can be done by applying the
general theorems from Strength of Materials, and by means of using numerical integration of
expressions derived from these theorems because of the variable geometry of the cross section of these
rings. The other easier approach is the use of modern methods of 3-D modeling and load simulation
software. Here it is shown that this is achievable on one and the other approach, and the results are
comparable. The experimental results concerning the dependence "Diametrical Deflection -
Diametrical Load" are relatively close to theoretical and these from modeling, the difference being
explained by the deviations of the parameters of the dynamometric ring as geometry and material from
those of the theoretical and modeling studies as well as the imperfections of the experimental research.
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Abstract: In this study, investigation has been made on performance of a dynamically loaded journal bearing
under the influence of the bearing width/diameter ratio (B/D), the feature which is quite important to the
manufacturers of radial journal bearings. With the increase of 0.5, 1 and 1.5 in the B/D ratio for a dynamically
loaded radial journal bearing, corresponding variations of minimum bearing clearance, peak oil film pressure,
friction torque, oil flow rate and hydrodynamic power losses on the bearing were investigated. The effects of
B/D ratio on the bearing performance are presented graphically.

Key words: dynamically loaded bearing, radial journal bearing, bearing performance

INTRODUCTION

In many important bearing operating situations the load varies in both magnitude and direction, often
cyclically. Examples include reciprocating machinery such as steam, diesel and gasoline engines,
reciprocating gas compressors and out-of-balance rotating machinery such as turbine rotors. Bearings
are generally dynamically loaded. Lubrication theory for the dynamically loaded journal bearing is
mathematically complex and, over the last few decades, several analytical approaches have been
proposed. The multigrid techniques based on the Elrod algorithm and the finite element methods of
analysis are among the most popular [1,2,3,4]. The finite element methods are probably the most
accurate and versatile, but tend to be very time-consuming and require high level of knowledge, not
accessible to the common designer and, so, remaining confined to research and development.
Therefore, based on simplifying premises, engineers and designers prefer to use simpler and still
accurate methods, such as the mobility method and the impedance method In general, these two
approximate techniques, which belong to the category of rapid methods, are employed to perform
analysis of simple journal bearings [5,6,7].

Prediction of performance of the dynamically loaded radial journal bearings by the users and designers
of these bearings is very important particularly when considering that these bearings are used to
support shafts in such sensitive areas as internal combustion engines, jet engines, compressors, gear
and piston pumps, roller mills, mechanical presses and many other machine components.

The bearing width/diameter ratio has direct influence on the performance of a dynamically loaded
bearing. For this reason, it is necessary for the researchers engaged in designing journal bearings to
predict the effects of the bearing width/diameter ratio on features like minimum bearing clearance,
peak oil film pressure, friction torque, oil flow rate and hydrodynamic losses on the bearing. The aim
of this study is to provide information to the bearing designers and users on how the bearing
width/diameter ratio affects the bearing parameters when the bearing operates under the effect of a
dynamic load example. In oder words, this study, the performance of a radial journal bearing under the
influence of different width/diameter ratios was investigated. [8,9]

REYNOLDS EQUATION AND SOLUTION

The solution of the Reynolds equation, which is the basic equation of the lubrication problems, which
is used in the analysis of hydrodynamic radial plain bearings, by the ORBIT program is summarized
below.
o(neop] 1 a(h¥eP| 1Veh woh on
+ = +——+—

S | T == 1
oz|12ndz | R230| 1200 | R260 20z ot @
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Boundary conditions;
z=0 P(z,0)=Py; )
z=L P(z,0)=Py; 3)

In addition, Half-Sommerfeld boundary conditions were used to solve the Reynolds equation. Here; n
oil viscosity, z axial coordinate, R bearing radius, 6 circumferential coordinate, h oil film thickness, P
oil film pressure, P1j, Py pressures at the edge of the bearing (z = 0 and z = L), V linear velocity, ®
angular velocity. The terms in the Reynolds equation using the finite difference formulation are
considered as follows.

_h_sﬁ_ :|:0.5(hi+l,j+hi.1vj)]3 I:Pi+1,j'Pi.1,j:| @
1moz |, 12n 24,

] _[05(hath)] [Rf] .
12060 |, 12n 24,

_@_ =|_hi+l,j_hi-l,jJ ©
Loz ), 24,

_@_ :Lhi,j+1-hi,j—1J .
180, 24,

o [hety | .
Lat), 2A

The Reynolds equation is written at each node using the finite difference formulation as above and the
results are arranged in the form of a linear equation system.

[L4P}=(R} 9

Where {P} is the array of nodal oil film pressures to be solved for, [L] contains entries for pre-
multipliers of the pressures involving h®, n, A, , Ao, R and the entries for the and the terms on the right
side. In order to solve this equation system. Gauss Elimination method was used in the program. The
calculation time is very long because the finite difference method calculates for each node in the
solution. Figure 1 shows a hydrodynamic mesh pattern on an unwrapped bearing surface.
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Z
z=0
0° 360°
P 6 — Py

Figure 1. Hydrodynamic mesh on an unwrapped bearing surface

From the solution of oil film pressures, the force coaoonents on the bearing due to it are calculated

using -

Feoit= J Pcos0dA (10)
A

Fyoil = J Psin0dA (11)
A

and the force components due to contact pressures using

F. s = PuspCOSOAA (12)
A

Fap= | PaSiNOdA (13)
A

The friction force components arising due to fluid flow are given by

Fonye=) {-%V+%|VP|}sin9dA
A (14)

h
F e = I {-%V+E|VP|} -CcosOdA
A (15)

while the boundary friction force components are expressed

X asp

R tocy :J uP,. sin0dA (16)
A
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F oy = J P, -cosBdA (17)

where dA is the elemental bearing surface area, Cs is the friction coefficient associated with the contact
surfaces, and |V P| is the pressure gradient in the circumferential direction.
As a result, the force balance on the bearing is expressed as

Feaop =Foit + Feasp T Fine T Fcya T Fctoay

X,app x,0il X,asp X,ine X (18)
I:y,app _Fy oil + F + l:yme I:y,fhyd + I:y fbdy (19)

where Fyapp , Fyapp are components of the applied bearing force. The associated power losses for
journal bearings due to hydrodynamic and boundary lubrication are denoted by Lpyg and Logy
respectively. In turn, the hydrodynamic power loss has two components; one due to Couette and the
other due to Poisseuille flow. The hydrodynamic power loss is expressed as

h? 2 3 2
Loye j”vsz+j DoZdA+ j . (@) - dAt B P) 4a
212nR° 00 2 12n 00z (20)

while the boundary friction component of power loss is given by

Sll’llr J LLPSIHIT (V2 + )1/2dA

Calculation of the oil film temperature is of some significance in journal bearing analysis due to the
high dependence of lubricant viscosity on temperature. Within ORBIT there is an iterative thermal
solution option that is activated when the user specifies an input block titled ‘TBAL’. If this is not
activated then ORBIT performs the journal bearing simulation by using either a) a user-supplied
constant oil viscosity value or b) a viscosity value computed based on the user-specified oil type and
user-specified inlet oil temperature. Within the thermally balanced solution scheme, the iterative
procedure for calculating the effective oil temperature is based on the assumption that all the energy
dissipated by bearing friction goes in increasing the oil temperature such that

-T (Lhyd+Lbdy)

T inlet +
pC,Q

oil
(21)
Where: T Effective oil temperature, Tine: Inlet oil temperature, Lnya Cycle averaged hydrodynamic
friction power loss, Lyay Cycle averaged boundary friction power loss (W), Q Cycle averaged oil flow-
rate through the bearing, p Oil density and C, Specific heat capacity of the oil

Table 1 Journal bearing data

Nominal bearing length, (m) 0.250E-01, 0.450E-01, 0.600E-01
Nominal bearing diameter, (m) 0.500E-01

Nominal radial clearance, (m) 0.250E-04

Rotational speed, (RPM) 0.150E+04

Axial velocity, (m/s) 0.00

Avg. shaft temperature, (K) 350

Avg. bearing temperature, (K) 373

Avg. oil inlet temperature, (K) 400

Oil viscosity, (Pa-s) 0.150E-01

QOil density, (kg/mq) 860
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Bulk modulus, (Pa) 0.500E+09
Cavitation pressure, (Pa) 0.100E+06
Thermal conductivity (W/m-K) 0.680
Specific heat (J/kg-K) 0.200E+04
Bearing asperity height, (m) 0.150E-06
Journal asperity height, (m) 0.150E-06
Density of asperities, (1/™) 0.600E+08
Curvature of asperities, (m) 0.500E-02
Elastic modulus of bearing, (N/m2) 0.200E+12
Elastic modulus of journal, (N/m2) 0.200E+12
Friction coefficient 0.120
Analysis type Dynamic
Solution type Finite Difference Method
RESULTS AND DISCUSSION

Variation of bearing load (horizontal, vertical and resultant load) with crank angle for a dynamically

loaded radial journal bearing is given in Figure 1. (Foum = (FZ +Fy)
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Figure 1. Variation of vertical, horizontal and total load applied onto bearing with respect to crank
angle

When the figure is studied, it is found that the maximum value of the total load on the bearing is
42106 N which occurs at 12° crank angle whereas the minimum total bearing load occurs at 677° crank
angle with a value of 2302 N.

The graph of minimum bearing clearance with crank angle for the journal bearings subjected to same
dynamic load but with different the bearing width/diameter ratios is given in Figure 2.
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Figure 2. Effects of B/D ratio on the bearing minimum clearance

It is clearly seen from Figure 2 that, as the B/D ratio increases the minimum journal clearance
increases just above the 12° crank angle. The figure shows that at 0.5 the bearing width/diameter ratio,
the smallest value of the minimum journal bearing clearance is 0,86 um and at crank angle of while
the highest value of the minimum journal clearance is 3,57 um and occurring at crank angle of 467°.
At B/D ratio of 1, the smallest value of minimum bearing clearance occurs at crank angle of 11,5° and
with a value of 1,86 um. As for the highest value of minimum bearing clearance, it was found that the
crank angle of 242° is where this value of 4,76 um exists. It was also found that as the bearing
width/diameter ratio becomes 1.5, the smallest value of minimum journal clearance changes to 2,52
pum and shifts to crank angle of 10,5° and the highest value of minimum journal clearance is 6,76 pum
taking place at crank angle of 258°. An increase in B/D ratio leads to corresponding increases in the
smallest and highest values of the minimum journal bearing clearance. In short, as the B/D ratio
increases, the minimum journal clearance increases too. In other words, an increase in journal
bearing’s minimum clearance means an increase in the oil film thickness. The thicker the oil film, the
better the performance of the journal bearing. This is so because as the oil film is thick, the risk of
metal to metal contact between the shaft and journal is reduced and hence safer operation of the
bearing. Consequently, it can be said that the best B/D ratio in terms of minimum journal bearing
clearance is 1.

The graph of variation of maximum oil pressure at same dynamic load but different B/D ratio is shown
in Figure 3.
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Figure 3. Effects of changes in B/D ratio on oil film pressure

It is seen from the figure that, at the same crank angle, as the B/D ratio increases the maximum value
of oil film pressure generally decreases. When the figure is studied, it is found that at the bearing
width/diameter ratio of 0.5 the smallest value of oil film pressure is 8,83 MPa and occurs at 645° crank
angle, while the maximum oil film pressure is 232 MPa taking place at 12° crank angle. When the
bearing width/diameter ratio is 1, the smallest value of oil film pressure occurs at crank angle of 652°
and with the value of 3,78 MPa, while the maximum oil film pressure is 86,6 MPa and occurs at crank
angle of 12°. At the bearing width/diameter ratio of 1.5, the smallest oil film pressure is again at crank
angle of 653° with the value of 2,26 MPa while the maximum oil pressure occurs at crank angle of 12°
with the value of 49,7 MPa. As the B/D ratio increases, the minimum oil film thickness increases also.
An increase in oil film thickness means reduction in oil film pressure. In terms of journal bearing
performance, it is important to have lower oil film pressure for the same load influence but different
B/D ratios. In other words, the lower the maximum pressure of oil film is, the lesser the constrain the
journal bearing experiences and hence the larger its load carrying capacity becomes. And this is an
important aspect for bearing designers. According to Figure 3, the best journal bearing is the one with
the bearing width/diameter of 1. Figure 4 is the graph showing variation of B/D ratio and its effects on
friction torque.

From Figure 4, it is seen that at the same crank angle frictional torque increases with the B/D ratio. By
looking at the figure, it is seen that, at B/D ratio of 0.5, the lowest frictional torque is 0,464 Nm and
exists at crank angle of 460°, whereas the highest value is 0,838 Nm and at 720° crank angle. The
figure also shows that at B/D ratio of 1, the lowest frictional torque exists at crank angle of 217° and
has a value of 0,758 Nm, while the highest frictional torque is 1,15 Nm at crank angle of 410°. The
bearing width/diameter ratio of 1.5 gives the lowest frictional torque of 0,982 Nm at 235°, and the
highest value of 1,51 Nm at 414°. An increase in frictional torque leads to impairing of the journal
bearing performance. Therefore; based on figure 4, we find that the best journal bearing is the one
with the bearing width/diameter ratio of 0.5.
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Figure 4. Variation of B/D ratio with friction torque

The effects caused by variation of the B/D ratio on hydrodynamic power losses are presented in Fig. 5.
Figure 5 shows that, the increase in B/D ratio generally, leads to an increase in the power loss on the
journal radial bearings. The figure indicates that at the bearing width/diameter ratio of 0.5 an average
of 0,07 kW power loss is experienced on the bearing while the power losses are 0,125 kW and 0,161
kW for the bearing width/diameter ratios of 1 and 1.5 respectively. An increase in B/D has led to a
corresponding increase in the minimum oil film thickness and the increase in oil film thickness has
negatively affected the power losses. Under same load operating conditions, as the B/D ratio increases
the power losses experienced on the journal bearing tend to increase. The power losses on radial
journal bearings are directly proportional to the frictional torques on the bearings. When the two
graphs are studied they are found to bear the same trend.
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Figure 5. Influence of B/D ratio on hydrodynamic power losses
CONCLUSIONS

In this study, changes encountered in the minimum bearing clearance, maximum oil film
pressure, frictional torque, oil flow rate and hydrodynamic power losses as the B/D ratio increases on
the radial journal bearings operating under the same dynamic loading were investigated and the
following results are summarized

The increase in B/D ratio leads to an increase in both minimum and maximum values of the
bearing minimum clearance. That is, B/D ratio increases with the minimum bearing clearance. The
best result in terms of minimum bearing clearance is found on a bearing with B/D ratio of 1.5. When
the maximum values of oil film pressure are studied under different B/D ratios, it is again found that
the best result is achieved with the bearing with B/D ratio of 1.5. An increase in frictional torque is no
good for journal bearing performance. Therefore, the best result in terms of frictional moment is
obtained with the B/D ratio of 0.5. An increase in the average oil flow rate acts in favor of the bearing
performance. Under the same loading conditions, the increase in B/D ratio generally leads to
corresponding increase in the power losses in the radial journal bearings.
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Abstract: The crane is made up of a bridge and a cart. Bridge cranes have wide application in praxis in various
factory departments. They are used to manipulate various types of loads in production halls, workshops,
warehouses, energy facilities, rolling mills, foundries, performing technological processes, assembling or
dismantling equipment, etc. In the paper is given a technical description of the bridge crane, the calculation of
the mechanisms for moving, lifting and carrying capacity of the bridge crane and analysis of the significance of
use in praxis.

Key words: bridge crane, mechanism for moving, mechanism for lifting, carrying capacity

INTRODUCTION

Cranes can be defined as cyclic-acting devices for the transportation of bulk and piece goods within a
limited working space, which is determined by the construction characteristics of the crane. When
lifting crane works, in the process of transshipment process, the lifting and lowering operations of load
are dominant. The cranes are classified according to different criteria, and for the choice of
transshipment technology or designing of the transshipment process, the most appropriate
classification according to the type of drive and construction. According to the type of drive, the
cranes are divided into two groups: with electric and internal combustion engine. Electric — powered
cranes, as a rule, move along the rails, while the cranes powered by the internal combustion engines
have a wearing frame and a drive system similar to a road vehicle.

TECHNICAL DESCRIPTION OF BRIDGE CRANE

The bridge crane has a bridge shape, which is why it got its name, which moves along high lifted rails
above the operating surface. The rails on which the bridge is moving in closed buildings rely on the
construction structure of the building, and when working on the open path, it is performed as a special
construction of reinforced concrete or steel. Load capacity can range from 2.5 to 5000 kN, and range
from several meters to several tens of meters (50 m). The bridge of the crane serves to move the cart
carrying the catching device with a mechanism for lifting and lowering the load. The construction of
the bridge should ensure the positioning of the hoisting device of the crane at the shortest path in each
point of the operating surface. The main elements of the bridge crane beside the bridge and cart are the
drive devices as well as the control system.

The construction of the cart depends on the purpose of the crane:

Standard cranes for handling piece load and spill load, with so — called free hanging load, have cart
where the piece load is most commonly hanged on the hook, and in certain cases special catch devices
(electromagnets, pliers, pneumatic devices, etc.) are used. To handle with spill load, specially
customized cart are used, usually with multiple ropes for grabbing and putting off using a grapple.

The bridge consists of one or two main and two frontal carriers. In the frontal carriers are located drive
and free wheels over which the bridge relies on the track and realizes the translational movement. The
control of the bridge crane can be from the work hall, cabin or automatic.

Drive of bridge

The bridge in light-weight cranes is over four wheels on the track, and with heavy cranes in order to
reduce the specific pressure on the track, the number of wheels is significantly higher.
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In light-weight cranes, the drive is performed over two symmetrically distributed drive wheels on the
frontal carriers, and in heavy duty, drive is performed at four points. The conventional constructions of
drive group are performed with the so-called central drive, consisting of a centrally positioned engine
and reducer with transmission of the drive force to the drive wheels via the shaft.

Today, the principle of single drive with the installation of an electric motor and reducer is directly
used on the drive wheel. In order to avoid sideling the bridge when moving, electric motors are
synchronized.

1350 |
12000

Figure 1. Bridge crane set

Cart

Cart represents the most important working part of bridge cranes. Load lifting mechanism is located on
the cart.

Figure 2. Mechanism for cart movement Figure 3. Load lifting mechanism

MECHANISMS CALCULATION FOR MOVEMENT, LIFTING AND CARRYING
CAPACITY OF BRIDGE CRANE

Example 1:

The following data are known:

H = 25 m — the height at which the load is lifted

tsiz =1 min — load lifting time

Muob = 12 KNm — moment on winch

Nem = 945 min™ — electromotor frequency

nm= 0,85 — mechanism efficiency for drive lifting ( efficiency of reducer)

im= 45 — transmissional mechanism ratio for lifting ( transmissional ratio of reducer )
Nkt~ 1 — efficiency of coil
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It is necessary to determine: electromotor power Pewm , force in the rope Fy and carrying capacity mo.

Figure 4. Load lifting mechanism

Calculation:

Load lifting velocity:
Voo H 25 gt m
Wz, 1 7 min

Winch frequency:

ngy 945 o
Ndob =i—=E=21mm
m

1

Mechanism efficiency for drive lifting:

_ Paop _ Maop * Waob _ Maop 1
o=

Pgy Mgy - Wgm Mgy iy

Moment on electromotor shaft:
Mgop 12

Mgy = = = 0,31 kN
EM = T 45-085 m
Electromotor power:
T Ngy T+ 945

=31kW

=0,31"-

Pgy = Mgy - 30

Selecting standard electromotor power:
Pgy =37 kW

Winch velocity:

, z m m
Vdob=lkot'Vdiz=m'Vdiz=Z'Vdiz=2'25%=50 p——
o

Winch diameter:
V 50
Dgop = —222 = = 0,758 m
T Ngep T-21

Selecting standard winch diameter:
Ddob =800 mm

143



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Force in the rope:
_ ZMdOb _ 2 " 12

= —— =30kN
“ Daop 0,8

Load weight:
Q=F, Z Mgt =30-4-1=120kN

Carrying capacity:

Example 2:

Poznati su slede¢i podaci:

| = 32 m — the distance that the crane crosses along the crane track

t = 40 s — the time during which the crane crosses the given distance

Giko = 30 kN — cart weight

Gmo = 65 kN — bridge weight

B = 3 — coefficient of sideling

d = 70 mm — shaft wheel diameter

u= 0,01 — coefficient of slip friction between shaft and hub

f = 0,04 cm — coefficient of wheeling friction on rail

nm = 0,8 — transmissional mechanism efficiency for movement bridge crane ( efficiency of reducer )
im = 20 — transmissional mechanism ratio for drive movement of bridge crane
(transmissional ratio of reducer )

nem = 980 min~* — electromotor frequency for drive movement of bridge crane
Pem = 4 KW — electromotor power for drive movement of bridge crane

It is necessary to determine carrying capacity mo.

Figure 5. Mechanism for bridge moveent, cart movement and load lifting
Calculation:

Bridge velocity:
_l_32_08m_48m
Mot 40 s min

Bridge wheel frequency:

n 980
ng =ﬂ=—=49min‘
im 20

1
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Bridge wheel diameter:
Vo 48
- n, mw-49 m

Selecting standard wheel diameter:
D; =315mm

Force to overcome resistance of bridge movement on horizontal path:
PEM " T’m 4 " 0,8
E, = = =4 kN
v Vino 0,8

Load weight:

Ey
Q:<u+u-d). ko ™ o
0. ¥ 0. )F

4
Q=(2-0,4 0,01-70)_3_30_65

315 T~ 315

Q = 185 kN

Carrying capacity:

ANALYSIS OF THE SIGNIFICANCE OF USE IN PRAXIS

The crane is made up of a bridge and a cart. Bridge cranes have wide application in praxis in various
factory departments. They are used to manipulate various types of loads in production halls,
workshops, warehouses, energy facilities, rolling mills, foundries, performing technological processes,
assembling or dismantling equipment, etc. Example: Each thermal power plant has a bridge crane for
the needs of repair, e.g. when it comes to repair turbine and generator, it is necessary to remove the
turboaggregate housing.

Bridge cranes for special purposes have carts that are specially adapted and are significantly different
from the systems used for general purpose cranes. This group consists of: cranes adapted to the needs
of the process in metallurgy, bridge cranes for stack, special cranes for automated warehouses of
profiles and bars, hanging cranes.

In metallurgy, there are traditionally used several purpose — built forms of bridge cranes that have been
named according to the type of processes in which they participate: casting cranes, clip cranes, traverse
cranes, etc. For this type of crane, it is characteristic that they possess mainly extremely high loads,
that they are exposed to the influence of high temperatures and that they are strictly designed for
purpose, i.e. constructively maximally adapted to the realization of specific requirements in the
processes they serve.

CONCLUSION

The construction of a bridge crane has been designed so that the drives for the movement of the bridge
and cart provide the positioning of the catching device of the crane at the shortest path in each point of
the operational surface. The bridge of the crane serves to move the carts which carrying the catching
device with a mechanism for lifting and lowering the load. Working velocities of individual
movements at bridge crane with hook are: lifting velocity 20 — 25 m/min, velocity cart 25 — 40 m/min,
and bridge velocity 40 — 100 m/min. In order to make the bridge crane work in the open space, it is
necessary to make a lifted track on the pillars, which is often unprofitable. The main disadvantage of
the use of bridge cranes in warehouses is the need for another means of transport that would enter load,
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or exit load from the warehouse. Their advantage is in the large utilization of the storage area, because
the bridge crane does not require space, as if another appliance moving on the floor would be used.
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Abstract: The system consisting of a series of cascade connected transporters with trapezoidal nonlinearity
transition for rubber strip transportation is analyzed in this paper. One characteristic of this system is the possibility
of spatial chaos appearance. Simulation of bifurcation diagrams and ,,escape-time* diagram of this nonlinear
cascade system is done in steady state using M-files in program package Matlab.

Key words: spatial chaos,bifurcation diagram, ,,escape-time* diagram, cascade nonlinear systems

INTRODUCTION

Convergent, oscillatory and chaotic dynamics of SISO (Single Input Single Output) cascade connected
nonlinear systems were analyzed in [1-6]. These SISO systems can be found in the tyre industry for
rubber strip transportation [4], and in cascade connected nonlinear electrical circuits, [5]. They consist
of a small number of nonlinear SISO subsystems of the same structure. These SISO systems are
described by equation x, , = f(x,,r), where x, and x,,; are input and output of the k-the cascade
respectively, Fig. 1. Nonlinear function f and its parameter- amplification, r, are common for all
cascades.

1. cascade 2. cascade k-th cascade
X, y X5 . X3 Xy . Xyl
e B e B e L ==

Figurel. Block scheme of SISO cascade connected nonlinear system

It was noticed that in these systems for certain values of parameter r very complex oscillations can
appear, as well as, spatial chaos. Spatial chaos appearance in SISO cascade connected nonlinear systems
is not the consequence of signal iteration in time, as is the case with appearance of chaos in nonlinear
continuous and discrete systems, [7]. The appearance of spatial chaos in SISO cascade connected
nonlinear systems is consequence of signal propagation through space, i.e., through subsystems of SISO
cascade connected nonlinear systems, [4, 5].

Let the equation x,,; = f(x,,r) describes the nonlinear cascade system in steady state. Bifurcation

diagram of this cascade system shows outputs of all cascades in steady state for different values of
control parameter, i.e., amplification r. In this case, as in the case of nonlinear discrete systems described
by (1), parametric axis is devided into a series of close points, but equation (2) is iterated only once in
each point of parameter r for each cascade particularly. ,,Escape-time* diagrams represent a procedure
for examining the chaotic behavior of system (1) and visually show the degree of expansion for each
point in the area of which we are examining. For example, each point with coordinates (r, x; ), (¥ is

the input into the first cascade, i.e., the input of the nonlinear cascade system), in Descartes plane, can
be drawn in a different color or shades of one color. The color point is determined depending on the
number of iterations needed for point to exceed a certain pre-given value of cascades outputs. Since we
have only eight available colors, points corresponding to a larger number of iterations, will be colored
the same as the points corresponding to a small number of iterations. For example, point with nine
iterations is associated with the same color as the point corresponding to one iteration, point with ten
iterations is associated with the same color as the point corresponding to two iterations, etc.
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RUBBER STRIP TRANSPORTATION SYSTEM

One of important process in tyre industry is the process of extrusion of protector - rubber strip, forming
external protective part of a tyre. After the extrusion, it is necessary to cool down the rubber strip to the
room temperature in order to cut it into pieces of certain length depending on tyre dimension. For the
cooling of protector the cascade transportation system is used, Fig. 2. This system consists of 7 - 13
cascades and enables the protector cooling in the natural way without any additional tensions such that
rubber strip relaxes on the transition from one transporter to another. However, in order to accomplish
these requirements it is necessary to determine the velocity of each transporter and the whole line should
have certain velocity, also. The velocities of the individual transporters are regulated on the basis of the
measured tyre length between the transporters. The measuring is done by especially constructed
measurer, and the information about the error is led to the thyristor controlled by DC motor controlling
the next transporter. The statical error of each cascade depends on the system input velocity and on the
product of the rubber strip compression coefficients of the former cascades and the current one.

A \

(@] O QA OO [ON®]

measurer

=

b |

PR W . —
——e——de——oa—

Figure 2. Rubber strip transportation system

Extruder
_/ Scale
: O

The structural scheme of rubber strip transportation system is given in Fig. 3 with the next notations:

e | -is the length of the rubber strip between the i-th and the (i+1) - th transporters,
V;, is the velocity of the i-th transporter,

o Vp,i is the transition velocity of the i-th transporter,

. Vg'i is the rubber velocity of i-th transporter,
e 4 isthe rubber strip compression coefficient in the i-th transporter,
o W(s) is the transfer function of the motor with the load and amplification k,

k
W =
() TT,s?+ (T, +T,)s+1

e T,,T, are the time constants of the subsystem loaded with rubber strip material,
o ®(V;) is transition nonlinearity.

Vo Vz Vn‘-l \4
— (/) W(s) > ——D(V,,) W(s) >
[1], )
) )
Figure 3. The structural scheme of rubber strip transportation system
System dynamics is described by the next set of equations:
%ch(vi,l)—ivi, i=12,...13 1)
dt H;
d?v, av,
T1T2 d? + (Tl +T2 )E +Vi = kll (2)
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The characteristic of these systems is a great sensitivity to the parameters variations and external
influences. The consequence is the appearance of chaotic dynamics.
For these systems next cases are of interest, [4]:

1. Chaotic motion as a result of complex oscillations in the system,

2. Chaotic change of quazy steady states in individual subsystems.
In earlier works for analysis of chaos appearance the next transition nonlinearity of cascade system, Fig.
3, were used:

1. Parabolic nonlinearity

(D(Vi )= S, _Vi2 (3)

2. Triangular nonlinearity:

0 V; <0,
v, 0<V, <2,
(V)= ' ! 4)
~15/,+9 2<V, <6,
0 V, > 6.

Next in the paper, the analysis of chaos appearance in transportation systems is done with trapezoidal
nonlinearity transition.

THE ANALYSIS OF TRANSPORTATION SYSTEM DYNAMIC WITH TRAPEZOIDAL
NONLINEARITY TRANSITION

Let the trapezoidal nonlinearity is given by:

0 V; <0
2.5V, o<V, <2,
(V)= 5 2<V, <3, (%)
~25V,+125 3<V, <5
0 V; >5.

The transfer function of the motor with the load is given as:

R ®

Let us analyze the system in Fig. 3 consisting of 13 cascades whose transfer function for the i-th cascade
is described by:

k
W.i(s)= 7
(o) w5(s +1)2s +1) ()
In the quazy steady state for the i-th cascade the next relations are given:
. k
lim sW;(s)=— (8)

s—0 H;
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_ ke
Vis = L OV ©

where V, ¢ is the velocity of the the i-th transporter in the quazy steady state. For 4 =1 and V, =1,
equation (9) becomes:

k .
Vis :mq)(vi—l,s)v' =1...13 (10)

Fig. 4 shows the behavior of trajectories of cascade system (10) for six characteristic values of parameter
k. This figure is obtained using the next M-file:

% the appearance of bifurcation and chaos in system (10) with trapezoidal nonlinearity transition, (5)
y=zeros(14,1);
k=6.8;
y(1)=1;
fori=2:14
if y(i-1)<0,
y(i)=0;
elseif 0<=y(i-1)&y(i-1)<2,
y(i)=(k*2.5*y(i-1))/(1+k);
elseif 2<=y(i-1)&y(i-1)<=3,
y(i)=(k*5)/(1+k);
elseif 3<=y(i-1)&y(i-1)<=5,
y(i)=(k*(-2.5*y(i-1)+12.5))/(1+k);
else
y(.))=0;
end;
end;
fori=1:13
x(2*i)=y(i);
x(2*i-1)=y(i);
end;
fori=1:12
z(1)=0;
z(2*i)=y(i+1);
z(2*i+1)=y(i+1);
2(26)=y(14);
end;
a=[0:0.01:2]; b=(k*2.5*a)/(1+k);
SUBPLOT(3,2,4)
plot(a,b,'k")
hold on
plot(a,a,'k’)
a=[2:0.01:3]; b=(k*5)/(1+k);
plot(a,a,'k’)
plot(a,b,'k")
a=[3:0.01:5];
b=k*(-2.5*a+12.5)/(1+k);
plot(a,b,'k")
line(x(}),z())
xlabel('x’);
ylabel('f(x)");
plot(a,a,'k")

For k =1 system (10) is stable if the nonlinearity transition is given with (5), i.e., the outputs of almost
all cascades are equal to 2.5. For k =2 bifurcation appears. The value of even cascades outputs is

150



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

2.7778, and the value of odd cascades outputs is 3.3333, only the first cascade output is 1.6667. The
second bifurcation appears for k =4.4. The cascades outputs have approximately one of the next four

values: 1.8861, 2.3586, 3.8421 and 4.0741

System, then, enters the chaotic regime, the outputs of all cascades are different and shown in Fig. 4 for
k =6.8. For k =10, cascades outputs have approximately one of the next three values: 1.0331, 2.3479
and 4.5455. Chaos appears, again, in system (10), which is shown in Fig. 4 for k =19.9.

k=1
5
4
=
2
0
0 2 X 4 B
k=4 4
5
4
Z ]
2
0
0 2 X 4 6
k=10
5
4
=
2
0
0 2 n L 6

fix)

fix)

fix)

k=2

2 hs
k=199

4

Figure 4. Bifurcation and chaos appearance in system (10) with nonlinearity transition (5)

v

i,5?

6):

Generating) the bifurcation diagram of cascade

system (10),

and the phase portrait

Vius hi=0,...,12 asafunction of implicit parameter k is done using the next M-file (Figs. 5a and

% generating the bifurcation diagram and the phase portrait (Vis, Vi+1,s) %i=0,...,12
% of system (10) for trapezoidal nonlinearity transition, (5)

V=zeros(1001,14);
k=[0:0.02:20]";
for j=1:1001,
V(;,1)=1;
end;
figure(1)%bifurcation diagram
plot(k,V(:,1),k")
xlabel('Parametar k');
ylabel('Vi,s i=0,...,13";
fori=2:14
for j=1:1001,
if VV(j,i-1)<0,
V(j,i)=0;
elseif 0<=V(j,i-1)&V(j,i-1)<2,
V(J.)=(k(1)*2.5*V(),i-1))/(1+k());
elseif 2<=V(j,i-1)&V(j,i-1)<=3,
V(.)=(k(G)*5)/(1+k(j));
elseif 3<=V(j,i-1)&V(j,i-1)<=5,
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V(j,1)=(k()*(-2.5*V(j,i-1)+12.5))/(1+k(j));
else
V(j,1)=0;
end;
hold on
figure(1)
plot(k(),V(.i), k)
hold off
hold on
figure(2)%phase portrait
plot(V(j,i-1),V(j,i), k")
hold off
end;
end;
figure(2)
xlabel('Vi,s i=0,...,12";
ylabel('Vi+1,s");
hold off

In Figs. 5a and 5b, the dependences of cascades velocities, Vi’s(i :0,...,13) in steady state, on

amplification k are shown. It can be seen that for the small amplification (Fig. 5a), all cascades have
approximately the same outputs. At higher amplification, the first bifurcation appears and the
consequence is the chaos appearance in transportation system (Figs. 5a, 5b). Transportation system, in
the case of trapezoidal nonlinearity transition, (5), does not become unstable not even for the higher
values of amplification k. This is shown in Fig. 5b.

5
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Figure 5. Bifurcation diagram of cascade system (10) with nonlinearity transition (5) for:
a) k € [0,20] and b) k € [0,450]
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Figure 6. Phase portrait (V;,V,,15), 1=0,...,12 asa function of implicit parameter k,
(0<k <20), of cascade system(10) with nonlinearity transition (5)

In Fig. 7 the ,,escape - time* diagram is given which shows the degree of expansion for each point in the
region (k,vo), i.e., in the plane of control parameter k and the input velocity, V, of cascade system

described by (10), (5). The point color is determined depending on the number of iterations required for
point to exceed the value of cascade output 4.5. This diagram is obtained using the next M-file:

%.,.escape - time** diagram of cascade system (10), with
% trapezoidal nonlinearity transition (5)
v=[0.5:0.01:2.5]";%input velocities vector
k=[8:0.06:20]";%gain vector
maxbrit=13;%the cascade humber
for i=1:201
for j=1:201
gotovo=0;
1=0;
a=v(i);
b=k(j);
while a<=4.5&gotovo<maxbrit,
if a<0,
a=0;
elseif 0<=a&a<2?,
a=(b*2.5*%a)/(1+b);
elseif 2<=a&a<3,
a=5*b/(1+b);
elseif 3<=a&a<=5,
a=(b*(-2.5*a+12.5))/(1+b);
else
a=0;
end;
gotovo=gotovo+1,;
I=1+1;
if I>7,
I=I1-8;
end;
end;
scatter(k(j),v(i),45,1)
hold on
end;
end;
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25
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Figure 7. “Escape-time” diagram of cascade system (10) with trapezoidal nonlinearity transition (5)

CONCLUSION

In this work was examined the occurrence of bifurcations and chaos at cascade connected nonlinear
transportation systems with trapezoidal nonlinearity transition. Simulation of bifurcation and ,,escape-
time* diagrams is done for these nonlinear cascade systems in steady state (when t — «). Cascade
system does not have to become unstable after the chaotic regime, when each cascade has diffrent
outputs. Whether the system will remain stable or not, depends on the choice of nonlinear function. The
paper confirmed that in the case of trapezoidal nonlinearity transition cascade system remains stable for
all values of amplification k.
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DETERMINING OF CORRECTIONAL VALUES OF WORKING
RELIABILITY OF INTEGRAL PARTS OF CIRCUIT — THE SPINNING
BOX OF ROTOR SPINNING MACHINE
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Abstract: Based on exploitational values of reliability of parts the correctional values of reliability are obtained.
Optimal model of safety includes working values of parts with allowed risk, and the band of absolute safe work
of analyzed circuit is clearly visible and it is placed between the values of showed curve of dependability

M, (1) g = (D).
Key words: box spinning, OE spinning machine, reliability, exploitation.

1. INTRODUCTION — DESCRIPTION OF CIRCUIT OF THE SPINNING

The system of power transfer in the circuit — the spinning box is shown in image 1 and consists of the
following integral parts which are divided based on processing stream of carded tape (raw material
which is being processed). When we determine the exploitational values of reliability which express
approximate values of working reliability of integral parts of analyzed circuit with maximal security
(area of their time of safe work and area of decreasing of their reliability) for their more precise
determination a determination of their correctional values is used. This had for a goal to determine total
transfer function of working reliability of parts of analyzed circuit to get the most accurate values of
reliability. Correctional values of reliability from exploitational data are shown on images 2 and 3.

CARDED TAPE (RAW MATERIAL)
H ENTRY DUCT(AS) ”

¥
| BOX INTAKE(AS) ‘

¥

\4 \d

“ TAPEWISPOPENER(AT) | || ELECTROMAGNETIC COUPLINGKUMPLUNG) (L) ”

¥ ¥

¥
“ NOZZLE (DEKLA) - ROTOR COVER (AT) || “ DRAINPIPE OF THE SYSTEM FOR IMPURITIES SUCTION (A4) ”

¥ ¥
¥

¥ v

|| ROTOR (TURBINE) (A1) ” || AEROBEARING (A2) ||
4 ¥

READER
-

WHEEL FOR GUIDING YARN (AS) ‘
¥

|| TENSIONER OF TARN (A9) ||
.

“ MECHANISM FOR WAXING THE YARN ||

Figure 1. The system of power transfer in the circuit — the spinning box
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Correctional values of reliability are get as a quotient of an empirical function of density of distribution
from empirical values (f,(t)) and function of intensity of breakings (4.(t)) in a time interval of
exploitational work of parts of circuits (analysis included exploitational working time of integral parts

of the circuit in a period of 13000< At; < 21000hours) and it is determined with the expression:

fe, ()

P ()= 0

M)

The obtained correctional values will further to be used in forming of value tables of transfer functions
of circuit of the spinning box Ggp(t) based on which shapes of curves are determined f (Ggp(t), t) which
determine the shape of statistical distribution of reliability i.e. from the shape of the curve the
distribution of reliability which corresponds mostly to the shape is taken.

Conclusion

From the shape of curves of correctional values of reliability of integral parts of analyzed circuit P;(t),
i.e. according to the inclination of the curve, intervals of reliability can be analytically predicted, which
will be used later as a basis in determining of proper reliability (reliability obtained from statistical
distribution). Analysis showed the following conclusions:
1) Analysis of working reliability of integral parts of analyzed circuit without the application of
procedures of technology for preventive maintenance:
¢ The highest working reliability have integral components A8, A9, A10, whose reliability is
maximal and is the result of Pyg(t) = Pyo(t) = Py10(t) = 1,0 and lasts in time interval of
over At, >20000(h).

¢ Based on the shape of the curve f(P;(t),t), i.e. according to their inclination in table 1 sequence
of values of reliability and working time components is shown. Analysis included the intervals
of reliability after the first lesser value of maximal value.

Table 1. Values of intervals of correctional reliabilities in dependence of analyzed working time
interval of integral parts of analyzed circuits on which the procedures of technology of preventive
maintenance were not implemented

Time interval | Interval of
Mark of | of analyzed reliability for
integral work of analyzed time
part integral part interval

At <At;<At, | AP;;<AP,<AP;,
The circuit of the spinning box
A6 13000-+-14000 | 1,0+0,828
A5 1300014000 | 1,0+0,9+0,868
A7 13000-+-16000 | 1,0+-0,514
El 1300014000 | 1,0+0,615
A3 1300014000 | 1,0+0,72
A4 1300016000 | 1,0-+0,523
Al 1300014000 | 1,0+-0951+0,927
A2 13000-+14000 | 1,0+0,952+0,927
E2 1300016000 | 1,0+0,806

I1) Analysis of working reliability of integral parts of analyzed circuits on which the procedures of

technology of preventive maintenance were implemented:
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¢ The highest working reliability have integral parts A8, A9, A10, which reliability is maximal
and is  Pug_o(t) = Pao_o(t) = Pa19—o(t) = 1,0 and lasts in time interval of At, >20000(h).
e Based on the curve shape f(P;_q(t),t), i.e. according to their inclination, order of reliability

values and working time of parts during the time of these reliabilities is shown in table (table
2). Analysis included intervals of reliability after the first lesser value of maximal value.

Table 2. Values of intervals of correctional reliabilities in dependence of analyzed working time
interval of integral parts of analyzed circuits on which the procedures of technology of preventive
maintenance were implemented

Mark of | Time interval of | Interval of reliability

integral | analyzed work for analyzed time

part of integral part interval
Aty _o<At;_o< AP;_y1<A P;_,
Aty <Pi_o2

The circuit of the spinning box

A6 13000-+-15000 1,0+0,8

A5 13000-+-15000 1,0+0,88

A7 13000+16000 1,0+0,7

El 13000-+15000 1,0+0,475

A3 13000-+15000 1,0+0,831

A4 13000+16300 1,0+0,67

Al 13000-+15000 1,0+0,376

A2 13000-+15000 1,0+0,552

E2 13000+16300 1,0+0,88

2. DETERMINATION OF STATISTICAL METHOD OF RELIABILITY DISTRIBUTION OF
ANALYZED CIRCUIT

In order to determine statistical method of reliability distribution it is necessary to form models and
determine transfer functions of reliability of analyzed circuit. For determining of tables of transfer
functions of circuit of the spinning box of spinning Ggp(t) correctional reliability values were used P;(t).

2.1. Forming models and determining transfer functions of reliabilities of analyzed circuit based
on empirical data

Forming models included the layout of parts of circuits according to the processing of yarn i.e.
according to marks in order of parts in the fault tree.

Parts are respectively arranged in circuit, from the entry duct to the mechanism for waxing the yarn in
the spinning box. For these reasons a model of a block diagram is shown. The model is more complex
and includes the layout of the parts in the spinning box including their functionality and purpose, and
for that reason a reduction of more complex structure of block diagrams.

Based on obtained final expressions of transfer functions of analyzed circuits (G, (t) gp- for the spinning
box), and in them by changing the values of reliability of partsP;(t) for time intervals
13000(h) < At; <20000(h) tabular values for zones of reliability significance are obtained, from
which the curves of reliability of functions of analyzed circuit are constructed (table 3)

1) A model of block diagram of transfer function of reliability in the circuit of the spinning box

For completion — reduction of this model its final completion in obtaining the transfer function of circuit
reliability will be implemented G, (t)gp.As seen on image 2 it is an open system of automated control
of reliability. The model is shown on image 2.

| Step: Determining of partial blocks of reliability
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Pp1(t) = Pgi(t) * Paz (1), Ppa(t) = Paa(t) * Paz(t), Pp3(t) = Paq(t) * Paz(t),Ppa(t) = Pag(t) + Pea(t),
Pps(t) = Pyag (1) + Pay0(t)
Il Step (Figure 3)
Values of partial blocks of reliability are: Py (t) =Pae(t) +Pp1(),Pp7(1)=Ppa(t) + Ppy (D).
Y(t)

Pn1{t J. o

-r— — —

Pealt |_>| Pailt

Figure 2. Initial model of a block diagram of the transfer function of reliability in a circuit of the

spinning box
[______| Pur(t)
: P Polt) I i_ - T 7 7
| 1 | ol 8 v
— SR Pt (| Pt b Pal) | Pul)
!_ _____ I I Pos(t) J I
X (1) | |

Figure 3. Reduction of a block diagram in the 1l step for the circuit of the spinning box

The final equation of reliability value based on partial reliability values for the circuit of the spinning
box is:
Yp(t)

GBP(t)_X ()_(PAé(t)"' p1 () Pas (1) (Paa ()+Pas (1)) Pa1 (1) Paz (V) (Ppa(t)+Pps (1)) =(Pas (t)+ P (1) Pa7 ()
) Pas(t): (PA4(t)+PA3 (1))-Pa1 (1) Paz (1) (Pag () +Pg2 (1) +

Pag()+Pa10(1)=Pa1 (t) Paz (1) Pas (t) - {(Pas ()+Pg1 (1) Pa7 (D)} (Pas (V) +Paz (1)) (Pag(t)+Pg2 (t)+Pao(t)+
Py10(1))

Yot
Ppa(t) | Pu(t) »| Py(t) —>

Xpt

\4

A\ 4
\ 4

Pos(t) Pas(t)

Figure 4. Reduction of a block diagram in the 111 step for the circuit of the spinning box
Ggp(t)p=Pa1 (1) Paz(t)- Pas () (Pas (D +Pas(t)): {(Pas(t)+Pr7 (1) Pa7 (1))} (Pag(t)+Pg2(t)+Pag(t)+Pa10(1))
2.2. Forming of value tables of transfer functions of the circuit of the spinning box G, (t)gp
Tables are formed based on final expressions of transfer reliability functions in dependence of working

time interval of circuits.
Based on obtained values, a diagram of dependability is completed f(G,, (¢) gp,t) (image 6.).
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A display of transfer function of reliability values of the circuit of the spinning box is shown in tables
(table3.)

Table 3. Values of transfer functions of reliabilities of the circuit of the spinning box in dependance of
the values of its reliability

Values of Transfer function of reliability of

Reliabilit P;(t) | the subsystem of spinning box
Gp(D)pp

1,0 s 2 16

0,9 E’ % 8,078

0,8 = o 3,775

0,7 3 2 1,6

0,6 E 2 0,5972

05 3 § - 0,1875

0,4 s s 5 0,0458

0,2 S = & 0,0006
18} o

0 &5 E s 0

Note: Shaded areas P;(t) included values P; (t)>0,5 because values below this limit are not taken into
consideration (they include areas in which there is a necessity to repair the circuit which will be further
elaborated at determining reliability values in cases of chosen statistical distribution).

CZ:'g t) BP

—Log.|)

10.9.80.7.60.50.40.

-10
Figure 5. The graph of transfer function of spinning box with approximation G, (t)gp

Conclusion: Curvesf(G, (t)gp,t) correspond according to their shape to lognormal curves, and for that
reason for a choice of statistical distribution of reliability a lognormal distribution will be chosen.
According to this distribution a correction of reliability of every integral part of the analyzed circuit will
be executed.

2.3. Determining of correctional values of working reliability of parts of the circuit in case of
lognormal statistical distribution

On displayed graph of transfer functions Ggp(t)p, a statistical distribution of reliability is determined
on which basis further corrections of working reliability of integral components of analyzed circuits
will be carried out and values of relevant reliability will be obtained.

In order to obtain as accurate as possible results for determination of reliability of safe work of parts of
analyzed circuit of OE — spinning machine (circuit of the spinning box) correctional values of reliability
based on lognormal statistical distribution of reliability as a chosen distribution will be used.
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Correctional values of reliability are obtained with a chosen statistical distribution of reliability in the
form of:

_ _ t 1 1(lnt—p
Ri=1-F(H)=1- J_t_mez( =t .
Introducing the substitution: z = % =1 and by differentiatingt,
1
(it dz ot 1, _a
2= ( o ):dt T t.o t.o

Since R;(t) =1- [*_¢(2)dz, ¢(2) = to -f(t)
then the final expression for calculating the working reliability of parts of analyzed circuits:
R =[O _ 0@
0~ 20~ 2O to
It should be pointed out that o is a standard deviation of a natural logarithm, and its values are read
from tables for normal statistical distribution.

3. TESTING OF A MODEL ON THE CIRCUIT OF THE SPINNING BOX

Testing of a model on the circuit of the spinning box is performed according to the obtained numerical
values of a constituent of the optimal model of safety of functioning of its work.

Figure 5 displays curves of dependability of frequency of safety from exploitational working time of
integral parts of spinning box for the optimal model of safety. The optimal model of safety includes
working values of parts with allowed risk. The displayed image clearly shows area of absolute safe
work of the analyzed circuit and it is placed among the values of displayed curves of dependability
Mg (t)gp = f (1). From the obtained diagram it is easy to conclude that the risky area of functioning
safety of work of the circuit of the spinning box in the period of its work of 13 300 (h). For that it is
necessary to pay attention in this exploitational period i.e. around this period to conduct a continuous
control of values of amplitudes of mechanical oscillations on the chosen measuring points. Also, on a
displayed diagram periods of time of changing of all necessary integral parts of the circuit are marked
in order to obtain the highest values of safe functioning.

It has to be mentioned that the optimal model of safe functioning of work of spinning box formed in the
working areas of integral parts with allowed risk, because with the risk that is not allowed we are
entering in a risky working field of the circuit and there should be an immediate intervention in a form
of replacement of warn out integral parts or circuit repair.

Image 6 displays curves of dependability of frequency of safety in dependence of exploitational working
time of integral parts of the spinning box for the optimal model of safety. The optimal model of safety
includes working values of parts with the allowed risk. Shown image clearly displays the area of
absolute safe work of the analyzed circuit and it is placed among the values of the shown curves of
dependability Mg (t)gp = f (t). From the obtained diagram we can clearly conclude that the risky area
of functioning safety of work of the spinning box in the time of its work of 14 250 (h). For that reason
it is necessary to pay attention in this exploitational period i.e. around this period to perform continuous
control of values of amplitudes of mechanical oscillations on chosen measuring points. . Also, on a
displayed diagram periods of time of changing of all necessary integral parts of the spinning box are
marked in order to obtain the highest values of their safe functioning.

It has to be mentioned that the optimal model of safe functioning of work of spinning box formed in the
working areas of integral parts with allowed risk, because with the risk that is not allowed we are
entering in a risky working field of the circuit and there should be an immediate intervention in a form
of replacement of warn out integral parts or circuit repair.
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Figure 6. Diagram of frequency of safety in dependence of exploitational working time of integral
parts of the circuit of the spinning box on which the procedures of technology of preventive
maintenance were not implemented — optimal model
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Figure 7. Diagram of the frequency of safety in dependence of exploitational working time of integral
parts of the circuit of the spinning box on which the procedures of technology of preventive
maintenance were implemented — optimal model

4. CONCLUSION

The optimal model of safe functioning of work of spinning box is formed in the working areas of
integral parts with allowed risk, because with the risk that is not allowed we are entering in a risky
working field of the circuit and there should be an immediate intervention in a form of replacement of
warn out integral parts or circuit repair.

Further examination of the model will be suggested based on spatial plan of the spinning machine and
it will include location measuring points with the aim of influencing of mechanical oscillations on them,
and it will include two spinning points one opposite the other.

All these components together with analyzed integral parts of the circuit of the spinning box and the
circuit for winding spools with the finished yarn make a total power transfer per one point of spinning
of a section (as it was already mentioned one section has 20 spinning boxes). By introducing of an
additional model which is based on the analyzed circuit models, an overall influence of mechanical
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oscillations per every section unit of OE spinning machine can be carried out and in that way contribute
in carrying out a full diagnostics of unwanted consequences which occur under the influence of an
increased level of mechanical oscillations.
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Abstract: Operation sequencing as a part of the process planning problem has shown to be a complex
optimization challenge in the literature belonging to the class of non-deterministic polynomial problems. Here,
operation sequencing problem is represented on a simplified example from the literature and optimized using a
metaheuristic approach. Precedence relationships among operations for appropriate features are defined and
adjacency matrix is formed. The optimization methodology is based on the modern particle swarm optimization
algorithm (mPSO) whose performances are enhanced by chaotic maps and genetic components, such as
crossover and two mutation operators. The main focus of this work is on reducing the optimal cost of operation
sequence with determination of an appropriate tool and TAD candidate for each operation in a sequence. One
case study was conducted in order to test the performances of the proposed algorithm which proved to be very
efficient for the simplified operation sequencing problem with excluded machines alternatives.

Key words: operation sequence, particle swarm optimization, chaotic maps

INTRODUCTION

Computer aided process planning (CAPP) is a key technology between computer aided design (CAD)
and computer aided manufacturing (CAM). Its main focus is on generating all the required
information for converting a raw material block into a finished product. Generally, most important
activities of process planning are the following [1, 2]:
e Acceptance and analysis of the input data, definition of machining faces or extraction of
manufacturing features,

e Selection and definition of raw materials,

o Definition of a process plan,

e Selection and definition of machining processes, setups and setup sequences,

e Selection and definition of machining operations and their sequences,

e Selection and definition of machines, tools, fixtures, measuring instruments and other
manufacturing resources,

o Selection and definition of cutting parameters and cutting strategies,

e Generating programs for NC manufacturing systems,

e Determination of machining time and cost, and

e Generating appropriate technological documentation (routing sheet, operation sheets,

programs, etc.)

This paper is focused on a single activity of process planning which is the determination of optimal
machining sequences. Operation selection joined with operation sequencing together form a famous
process planning optimization problem that has been widely and thoroughly studied in the literature.
Assuming the fact that we already have manufacturing features and machining operations selected and
used as the input data for a part we want to optimize, the next necessary step of process planning is to
find the best possible sequence of the given operations.

On one side, the operation selection is a task based on form-feature geometry, its technological
requirements as well as mapping these specifications to appropriate operations or series of operations
[3]. On the other side, operation sequencing may be formulated as an optimization problem,
considering the fact that a number of possible sequences may grow with the increase of a number of
operations and manufacturing resources required to perform those operations. These resources are
considered to be appropriate machines and tools and are defined as the operation method as expressed
in [4].
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As an important segment of operation sequencing, precedence relationships among operations should
be defined according to the geometrical and manufacturing interactions between features. These
relationships form precedence constraints which make sure these interactions are not violated and
machining process can be performed effectively.

Accordingly, numerous optimization techniques have been used and implemented so far in order to
optimize operation sequences in process planning. Since the operation sequencing is very complex to
formulate using classical techniques such as branch and bound, linear programming, dynamic
programming and so on, metaheuristic algorithms have proved to be most effective for solving hard
optimization problems which operation sequencing surely is. Literature is enriched with many
different sources focusing on these intelligent implementations on process planning or operation
sequencing problems. Authors have performed different case studies in the past in which some of the
proposed prismatic parts are still used as benchmark models in the studies being conducted today. The
following are some of the proposed methodologies for optimization of operation sequencing activity.
Authors in [5] developed simulated annealing technique for solving operation sequencing problem in
which machining cost was used as an optimization criterion. Precedence cost matrix and reward-
penalty matrix were used by the algorithm in order to ensure the feasibility of operation sequences.
The authors tested this methodology on three case studies in which the SAT proved its efficiency.
Another example of metaheuristic implementation can be found in [6] which expressed the ant system
algorithm for operation sequencing problem. The ASA methodology represents the advanced ant
colony optimization algorithm emphasizing the improvement in precedence checks and ant cycles
which largely influenced decrease in computational time of the algorithm. The authors demonstrated
the efficiency of ASA on two interesting case studies.

Authors in [7] implemented modified clustering algorithm on operation sequencing problem whose
main characteristic is that the precedence constraints are firstly checked for selecting all possible next
operations of the last operation in the sequence and their traveling costs are compared to choose the
optimal feasible operation which has the minimum traveling cost in the sequence. Cost matrices are
also used to determine precedences among operations and machining cost that is optimized.

Two important aspects of process planning, operation sequencing and setup planning were emphasized
in case studies conducted in [8, 2]. Authors in [8] used genetic algorithm for optimizing integrated
setup planning and operation sequencing including machining cost as an objective function and
constraint matrix for generating feasible operation sequences. In [2], authors applied interesting
approach which is not based on metaheuristics but on a simulation technique performed within
SolidCAM system. Here, matrix of anteriorities was introduced and the machining time was
optimized. The results of the simulation experiment showed to be very good in terms of setup plans
and operation sequences for one case study.

The concept of our methodology is concerned with the implementation of particle swarm optimization
algorithm for operation sequencing problem which is enhanced by adding chaotic behavior and
genetic components such as crossover and mutation. The following section puts an emphasis on this
methodology whose efficiency and robustness were proved on later described case study.

MODERN PARTICLE SWARM OPTIMIZATION ALGORITHM

Kennedy and Eberhart [9] are the founders of particle swarm optimization algorithm who was firstly
introduced in 1995 and since then, numerous engineering problems have been solved using this
method. The PSO is a population-based metaheuristic algorithm belonging to the field of swarm
intelligence, one of the branches of artificial intelligence, Figure 1. It is an evolutionary algorithm that
is inspired by social behavior of organisms in swarms, flocks or schools, such as flocks of birds or
schools of fish. It imitates the natural process of foraging, of how for instance birds or fish behave
during this intelligent process of search for food. Each individual’s velocity and position are the
crucial elements which affect personal and social experience of the swarm (i.e. flock or school). Their
mutual collaboration towards achieving their goal as a group largely inspired the authors to create a
computational method for solving different problems in the world.

The classical PSO starts with the initialization of a number of individuals called particles which are
encoded in a predetermined way depending on the problem type. This population is then evaluated
using appropriate fitness function which determines how good each particle is. Particles move in the
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search space of the problem with appropriate velocity which defines diversity of the search. Their
positions are being updated across generations and they represent potential solutions to the problem.
These solutions are evaluated in each generation of the particle swarm search where the local best
position represents the best position achieved by a single particle so far while the global best position
represents the best position achieved by a single particle in entire population. The global best is
therefore the optimal solution found by the algorithm. Figure 2 illustrates the movement of particles
and updating of their velocities.

p;: My best performance

>4

pi-x(t) 42°

x(t):

: Best performance
Current position

of my neighbors

Figure 1. Swarm intelligence in Figure 2. Movement of a particle in the search space and
illustrated form particle velocity update [10]

Taking into account the complexity of operation sequencing problem, even though the example in this
paper is quite simplified, the classical PSO methodology showed to be very obsolete and inefficient
for the given conditions. As many other instances in the literature, when approaching complex
engineering problems classical metaheuristics require additional modifications in order to make them
more robust and efficient for the search. This affects better algorithm convergence and much greater
probability of finding the optimal solution.

Here, the classical PSO’s performance is enhanced by adding chaos and genetic components. On one
side, chaotic behavior has already been introduced in [11]. These authors developed the chaotic PSO
for solving complex process planning problem whose capabilities were greatly improved by chaotic
maps that were used to express stochasticity, ergodicity and certainty, properties which are crucial for
the effective search. So, in that name, chaotic maps are included in this concept of the modern PSO
and their representation is given in Figure 3. There are ten different chaotic maps which greatly
influenced diversity of the mPSO. They are adopted from [12].

[}
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Piecewise map 7 Sine map .Smpm- g .Smmu.rdn.' miap | Te'n.r Hap
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Figure 3. Chaotic maps generated in Matlab environment

The second modification that was done to the classical PSO was the introduction of the standard
components of genetic algorithm, crossover and mutation. Genetic algorithm is one of the most
famous evolutionary algorithm and metaheuristics whose components are still very adaptable to many
novel algorithms. The purpose of crossover is to generate new individuals (offsprings) from the old
ones (parents) and in that case provide new solutions and hopefully better ones. Mutation, on the other
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side, has the diversity properties, whose purpose is similar to the one of chaotic maps, to enable
diversification, spreading the search and making sure as many neighborhoods of the search space are
traversed. Two mutation operators are introduced in this study. One is shift mutation, based on the
random selection of two operations in the sequence and exchanging their position in the sequence. The
other mutation operator is concerned with changing tool and TAD candidate of a randomly selected
operation from the sequence.

The next chapter will discuss the case study that was selected for testing the proposed mPSO
algorithm.

CASE STUDY — RESULTS AND DISCUSSION

In order to test performances of the proposed algorithm, a case study has been conducted. The
prismatic housing part illustrated in Figure 4a is adopted from [8] and represents the model used in our
study.

According to the rules for recognizing and extracting manufacturing features for the observed part,
features for the given housing part are extracted and illustrated in Figure 4b [2]. Based on the extracted
features, appropriate machining operations are recommended and listed in Table 1. Associated tools
with their cost indices for performing these operations are also proposed and given in Table 2.
Following the defined machining operations and recommended tools, potential tool and TAD
candidates are defined according to the study conducted in [2]. These alternatives are represented in
Table 3.

The notable difference from the study in [8] that we adopted is the omission of machine candidates
which assumes the fact that all operations for machining the defined features are performed on a single
machine. Therefore, the entire machining process consists of alternative sequences of operations, their
selected tool candidates and alternative setups on one machine.

Figure 4. Prismatic housing part, a) 3D solid model b) Extracted features of the model [2]

Table 1. Recommended machining operations for housing part [2]

Features | Rough machining | Semi finish Finish
F1 Rough turning
F2 Counter boring
F3 Drilling Core drilling | Reaming
F4 Drilling
F5 Rough milling
F6 Rough milling
F7 Drilling
F8 Rough milling
F9 Rough milling
F10 Rough milling
F11 Rough milling Finish milling

166



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Table 2. Recommended cutting tools with cost indices [2, 8

Tool ID Tool name Cost index
T1 Drill 1 7
T2 Drill 2 5
T3 Drill 3 3
T4 Counterbore drill | 8
T5 End mill cutter1 | 7
T6 End mill cutter 2 | 10
T7 End mill cutter 3 15
T8 Core drill 30
T9 Reamer 20
T10 Slot cutter 15

Table 3. Available tool and TAD candidates for the defined operations [2]

Features Operation ID Tool candidates | TAD candidates
F1 Rough milling (opl) | T5,T6, T7 -Z
F2 Counter boring (op2) | T4 -Z
Drilling (op3) T2, T3 +7, -Z
F3 Boring (op4) T8 +7, -2
Reaming (op5) T9 +z,-Z
F4 Drilling (op6) T2 +7,-Z
F5 Rough milling (op7) | T5, T6, T7 -y, -Z
F6 Rough milling (op8) | T5, T6, T7 +y, -Z
F7 Drilling (op9) T1 +y
- T6, T7 +Z
F8 Rough milling (op10) T10 Ty
F9 Rough milling (op11) | T5, T6, T7 -X
F10 Rough milling (op12) | T5, T6, T7 +X
F11 Rough milling (op13) | T5, T6, T7 +z [ +X, -X [ +y, -y
Rough milling (op14) | T5, T6, T7 +7 [ +X, -X [ +y, -y

Considering the given input data for optimization of operations sequence, an appropriate precedence
relationships may be primarily defined based on which an adequate adjacency matrix can be formed.
The following Table 4 represents the precedence relationships for the housing part. Table 5 represents
the adjacency matrix for the housing part with associated numbers referring to precedencies among
operations in a sequence. The number of machining operations for the housing model matches the
number of rows and columns in the represented adjacency matrix. Each number 1 represents the
precedence relationship meaning that operation in the observed row has to be performed prior to the
operation in the observed column. Number 2 in the matrix means that the observed operations has to
be performed in the same setup.

Table 4. The precedence relationships between operations for the housing part

Operations Precedence relationships
opl opl must be performed prior to op3 and op6
op3 op3 must be performed prior to op4
op4 op4 must be performed prior to op2 and op5
op8 op8 must be performed prior to op9
opl3 op13 must be performed prior to opl4
opl4 opl14 must be performed prior to op6 and op10
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Table 5. Adjacency matrix of the housing model

Opl | Op2 | Op3 | Op4 | Op5 | Op6 | Op7 | Op8 | Op9 | Opl0 | Opll | Opl2 | Opl3 | Opl4
Opl 0 0 1 0 0 1 0 0 0 0 0 0 0 0
Op2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Op3 0 2 0 1 0 0 0 0 0 0 0 0 0 0
Op4 0 1 0 0 1 0 0 0 0 0 0 0 0 0
Op5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Op6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Op7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Op8 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Op9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Opl0| O 0 2 0 0 0 0 0 0 0 0 0 0 0
Opll| O 0 0 0 0 0 0 0 0 0 0 0 0 0
Op12| O 0 0 0 0 0 0 0 0 0 0 0 0 0
Op13| O 0 2 0 0 0 0 0 0 0 0 0 0 1
Opl4| O 0 2 0 0 1 0 0 0 1 0 0 0 0

The problem of optimizing operation sequence of the housing part contains 14 machining operations
with the total of 10 tool candidates and 6 tool approach direction (TAD) candidates which vary for
each feature (Table 3). According to the defined input data for the mPSO algorithm, the required
parameters are set as follows: population size is 80 individuals, maximal number of generations is 200,
the inertia coefficient is set to be 0,5 with linear decrease to 0,2 during generations, personal and social
acceleration coefficients are set to 1, probability of crossover is 60% and probabilities for two
mutation operators, shift mutation and candidate mutation, are both 40%.

The algorithm was coded in Matlab programming environment and tested on the laptop with Windows
7 OS, Intel Core i3 2,10 Ghz and 3 GB RAM. The mPSO was run 10 times for each chaotic map
resulting in total of 100 runs. The best operation sequence with associated tool and TAD is the one
with the least total machining cost and is represented in Table 6.

Table 6. Optimal operation sequence with tools and TADs

1118 |1 |7 |12 |13 |14 |10|3 |4 |5 |9 |6 |2

5 |5]|5|5|5 |5 |5 |1 |3 (8 |9 |1 |2 |4

X |-z|-z|-z|+x |+z |+z |+z |+z |+2 |+z |+y |-Z | -2
Total machining cost: 869 Fitness: 0,0012 Chaotic map: lterative

Taking into account chaotic character of the mPSO, the most suitable results were obtained by using
Iterative and Circle map, with the slight emphasis on the latter which provided better average result in
10 runs.

Also, as included in [2, 8], setup planning may also be mentioned in this case study. The setup
planning strategy for the observed housing part is represented in Table 7. Comparing to the study in
[8], the number of setups for the housing is the same, six different fixture setups. On the other side,
authors in [2] obtained better results focusing on setup planning and obtained five different setups by
using the simulation technique developed in CATIA software. Worth mentioning is the thing that
CATIA software only provides estimation of machining times which is not included in the
optimization performed in this study.

The algorithm performed well assuming the fact the operation sequencing problem was simplified and
machine candidates are excluded from the study meaning that the entire machining process for the
housing is performed on a single machine but in different setups as shown in Table 7.
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Table 7. Setup planning strategy for the housing part

Setup number Tools TADs Executing operations

1 5 -X Opll

2 5 -Z Op8, Opl, Op7

3 5 +X Op12

4 551,38 +z Op13, Op14, Opl0, Op3, Op4

5 1 +y Op9

6 3 -Z Op6, Op2
CONCLUSION

This paper introduced the modern particle swarm optimization algorithm for solving the operation
sequencing problem which belong to the group of complex optimization problems in the literature.
The task is to find the optimal operation sequence for performing machining operations in an
appropriate order while generating manufacturing features on an observed part. Among sequences,
algorithm is also employed in determining appropriate cutting tools and tool approach directions for
each machining operation in a sequence. Chaotic maps as well as genetic components, crossover and
mutation were adopted in order to improve the performance of the algorithm. The case study focusing
on the housing, a prismatic part adopted from the literature, was conducted in order to test the
performances of the proposed mPSO algorithm. Precedence relationships among features and were
defined for the given problem and the appropriate precedence matrix was formed to ensure feasibility
of the sequence. Machining cost was used as an objective of optimization and the results showed that
the mPSO performed very well in the search process for finding optimal operation sequences using
different chaotic maps. Machining process for the housing used a single machine with different
number of setups which is also represented in this study. The future research will be focused on
process planning optimization and the implementation of novel metaheuristic algorithms that have
been recently introduced in the field of swarm intelligence.

REFERENCES

[1] Denkena, B., Shpitalni, M., Kowalski, P., Molcho, G., Zipori, Y., Knowledge Management in
Process Planning, Annals of the CIRP, Vol. 56, No. 1, pp. 175-180, ISSN 0007-8506, 2007.

[2] Lukic, D., Milosevic, M., Eric, M., Djurdjev, M., Vukman, J., Antic, A., Improving
Manufacturing Process Planning Through the Optimization of Operation Sequencing,
Machine Design, Vol.9(2017) No.4, ISSN 1821-1259 pp. 123-132.

[3] Weill, R., Spur, G., Eversheim, W., Survey of computer-aided process planning systems,
Annals of the CIRP, Vol. 31, pp. 539-551, 1982.

[4] Jun, W., Kuslak, A.: Computational Intelligence in Manufacturing Handbook, CRC Press
LLC, USA, ISBN 0-8493-0592-6, 2001.

[5] Nallakumarasamy, G, Srinivasan, P. S. S., Venkatesh Raja, K., Malayalamurthi, R.,
Optimization of operation sequencing in CAPP using simulated annealing technique (SAT),
International Journal of Advanced Manufacturing Technologies, Vol. 54, pp. 721-728, 2011.

[6] Singh, S., Deb, S., An intelligent methodology for optimising machining operation sequence
by ant system algorithm, International Journal of Industrial and Systems Engineering, Vol. 16,
No. 4, pp. 451-471, 2014.

[7] Phung, L.X., Tran, D.V., Hoang, S.V., Truong, S.H., Effective method of operation sequence
optimization in CAPP based on modified clustering algorithm, Bulletin of the JSME, Journal
of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.1, 2017.

[8] Kafashi, S., Integrated setup planning and operation sequencing (ISOS) using genetic
algorithm, International Journal Advanced Manufacturing Technology, Vol. 56, No. 5-8, pp.
589-600, ISSN 1433-3015, 2011.

169



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

[9] Kennedy, J., Eberhart, R.C., Particle Swarm Optimization, In Proceedings of the IEEE
International Conference on Evolutionary Computation, Indianapolis, USA, pp. 303-308,
1995.

[10] El-Ghazali, T., Metaheuristics: From Design to Implementation, John Wiley & Sons, Inc.,
New Yersey, 2009, ISBN: 978-0-470-27858-1.

[11] Petrovi¢, M., Miti¢, M., Vukovi¢, N, Miljkovi¢, Z., Chaotic particle swarm optimization
algorithm for flexible process planning, International Journal Advanced Manufacturing
Technology, Vol. 95, No. 9-12, pp. 2535-2555, ISSN 1433-3015, 2016.

[12] Saremi, S., Mirjalili, S., Integrating chaos to biogeography based optimization algorithm.
International Journal of Computer and Communication Engineering Vol. 2, No. 6, pp. 655—
658, 2013.

170



VI International Conference Industrial Engineering And Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Session 2.

Energetics and Process
Technique






VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

COMPUTER SIMULATION FOR SELECTION OF THE ORDER FOR
THE LAYERS FROM THE WALL OF INDUSTRIAL COOLERS
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Abstract. In this paper a mathematical model and computer software for calculating the thickness of the
insulation layers (panels) from the walls of the industrial coolers based on the order of their installation was
developed. A numerical example is given that is tested on an existing industrial cooler in Bitola, Macedonia. In
order to calculate the thickness of the thermal insulation it is necessary to consider a multilayer barrier (wall)
where for each layer the thickness is known, except for the insulation material which should be calculated. With
the determined geometric and physical characteristics of the wall, it is necessary to determine the temperature at
each point of the construction. By connecting these points, the temperature change through the construction
creates dependency with its thickness. After calculating the actual specific heat flux, the temperatures between
each layer of the wall are calculated. For improved monitoring of the change in the partial pressure of the
saturated water vapor through the layers of the wall, the thickness of the insulating material is divided into
approximately five parts, and then a table of temperature changes and the corresponding value of the partial
pressure of the saturated aqueous vapor is created. In order to avoid condensation of the water vapor when it
passes through the wall, a certain condition must be fulfilled. With certain measurements adopted, a computer
simulation was created and measurements calculated. The computer simulation enables swift and accurate
calculation of thickness of the insulation at multilayer bulkheads found at industrial coolers, and allows selection
of the location for the insulation and steam barrier in the bulkhead.

Keywords: Insulation coolers, industrial cold storage, panels, multilayer bulkheads, steam barrier.

CALCULATION OF THICKNESS OF THE HEATING INSULATION

A multilayer wall is considered, where for each layer the thickness is already known, except for the
insulating material. The insulating material thickness is calculated by Equation (1),

th, —t, ( 1 6 1 )]
o= — = E — 4 1
6lZ ALZ [ q an + Ai + av m ( )

where,

Aiz W/mK - coefficient of thermal conductivity of the insulation,
an  WI/m?K - coefficient of passage of heat from the external air to the outer side of the
compartment,

a W/mPK - coefficient of heat transfer from the inner side of the barrier of the internal air.
The recommended value for the specific heat flux is: g=11 W/m?, [1].
CHANGE OF TEMPERATURE

With the determined geometric and physical characteristics of the compartment, it is necessary to
determine the temperature at each point of the construction. By connecting these points we determine
the change of temperature through the construction depending on its thickness, Fig. 2. If we use the
heat resistance of each junction instead of the thickness of the construction, then the change in
temperature is a straight line.

The designed temperature of the external air is Equation (2),
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tsp = 0,4ty + 0,6ty °C, 2
where,

ty °C - average monthly temperature for the warmest month of the last 10 years,
tam °C - the average value of the maximum temperatures of the warmest month of the last 10 years.

The external air temperature is,

tn =ts +6  °C, -for outer bulkheads on the south side,

t sp +15 °C, -for ceilings with a flat roof,

tn = tg +10 °C, - for ceilings under roof with ceiling space,
tn = tg +15 °C, -for floors on the ground.

After calculating the thickness of the isolation, it is adopted and then the true specific thermal flux is
calculated by Equation (3),

th— 1ty
q= 2
1 5 0y 1 Wi ©)
an+zli+/1iz+av

After calculating the actual specific heat flux, the temperatures between each layer in the compartment
are calculated by Equation (3),

tx =th—q Ry °C, (4)
where,
Rx mM2K/W - heat resistance for each layer of the compartment.
CHANGE OF PARTIAL PRESSURE OF SATURATED WATER STEAM
To better monitor the change in the partial pressure of saturated water steam through the layers of the
compartment, the thickness of the insulating material is divided into approximately five parts. A table
of temperature changes and the corresponding value of the partial pressure of saturated steam is then

made [2].
The specific water vapor flux is Equation (5),

Pn—P
W=="-"kg/m?K, (5)
H,
where,
pn Pa - the partial pressure of the water steam of the external air,
p. Pa - the partial pressure of the water steam of the internal air,

H, m?sPa/kg - resistance to diffusion of water steam through the barrier.

The resistance of water steam diffusion through the compartment is calculated by Equation (6),

5
m:Z;rmwm ©)
i
where,

n kg/msPa - coefficient of steam permeability of the layer.
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The partial pressure of the water steam between each layer in the compartment is calculated by
Equation (7),

Px =Pn — W - Hy Pa, (7)

In order not to condense the water steam, when passing through the barrier, the dependency must be
fulfilled,

Px < pi(tx)) e, ty< t&&(px)), Fig. 3

For a stationary heat flux through a multilayer barrier it is calculation by Equation (8),

q=k-(tsp—t,) =k (tsp —tx) WM (8)
where,
top —t
=k 2—= WimX, ©)
sp v

In order not to condensate the water steam, to the contact of the steam barrier and the compartment,
the temperature tx, which is at that place, must be greater than the amplitude of saturation t’,for the
partial pressure that governs in that place,

te, —
k<c-k-2P2_*X

sp -~ v

W/m2K, (10)

where,
c=0,95 - coefficient of safety.
NUMERIC EXAMPLE

According to the mathematical model, a computer program was created, which was tested on an
existing industrial refrigerator in Bitola.

The thickness of the insulation on the southern outer wall composed of several layers is calculated,
Fig. 1, with the following features.

- The insulation material which is going to be used is polystyrene and it is going to be installed after
the bituminous steam boiler. Its features are given in Table. 1.

- Average monthly temperature of the warmest month of the last 10 years, [4], tsm = 25 °C.

- Average value of the maximum temperatures of the warmest month of the last 10 years, [4], tmm = 30
°C.

- Coefficient of passage of heat from the external air on the outside side of the compartment, [1], o=
30 W/mK.

- Coefficient of heat transfer on the inside of the internal air compartment, [1], o = 8 W/m?K.

- Inner temperature, t, = 20 °C.

- Relative humidity of the external air, [4], ¢n= 40 %.

- Relative humidity of the internal air, [4], ¢v= 70 %.
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Table 1. Characteristics of the compartment [1].

b} A 102
Type of layer mm W/mK kg/mspa
1. facade plaster 20 0,870 37,500
2. brick wall 250 0,870 29,200
3. cementene mortar 20 1,280 25,000
4., bituminous steam barrier 5 0,760 0,012
5. insulating material 0,041 3,000
6. intertwined network
7. cement mortar 20 1,280 25,000
Table 2. Change the temperature across the barrier
. o R t
Starting layer number m mK/W o
1 0,000 0,000 34,660
2 0,020 0,023 34,425
3 0,270 0,310 34,490
4 0,290 0,326 34,330
iz 0,295 0,333 34,263
6 0,495 5211 -18,564
7 0,515 5,226 -18,723

Comparison of the calculated and accepted sizes,

- Calculated outdoor temperature, t, = 34 °C.
- Accepted external temperature, t, = 35 °C.

- Calculated insulation thickness, 6i; = 184 mm.

- Accepted insulation thickness, &i; = 200 mm.
- True specific heat flux, g = 10,2 W/m.

The thickness of the isolation is divided into five equal parts, and the temperature change through the

insulating layers is shown in Table. 3.

Table 3. Change of the temperature through the insulation layer.

. ) t
Serial Number m o
1 0,000 31,263
2 0,040 21,297
3 0,080 11,332
4 0,120 1,376
5 0,160 -8,598
6 0,200 -18,564
Table 4. Penetration of moisture through the compartment
109 "
Starting layer number r?\ m|-2|SvP1a(;k g FE) a F'? a
1 0,000 0,000 2251 5522
2 0,020 0,533 2249 5450
3 0,270 9,095 2211 4619
4 0,290 9,8% 2207 4577
iz 0,295 426562 370 4559
6 0,495 493228 76 118
7 0,515 494,028 72 116
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Table 5. Moisture penetration through the insulating layer

: 5 H, -10° P P’
Starting layer number m m?sPalkg Pa Pa
1 0,000 426,562 370 4559
2 0,040 439,895 311 2534
3 0,080 453,228 252 1342
4 0,120 466,562 193 674
5 0,160 479,895 134 294
6 0,200 493228 76 110

1 2 3 4 5 6 7
Figure 1. Construction of an external wall

Figure 2. Change in temperature depending on the thickness of the compartment
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Figure 3. Change in the pressure depending on the thickness of the compartment

CONCLUSION

The aim of the paper is to provide a quick and accurate calculation of the insulation thickness at
industrial coolers with multi- layered compartments. In addition it allows selecting the location of the
insulation and the steam barrier in the compartment, in order to prevent the condensation of the steam
somewhere between the layers of the compartment.
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Abstract: Increasing energy efficiency is the fastest and cheapest way to meet the growing demand for energy,
while at the same time meeting the environmental and economic challenges that arise with its consumption. The
heat pump is notable as one of the solutions for these needs. Beside other adventages, heat pump is characterized
by economic and ecological characteristics such as lower price of heat energy and strengthening the ecological
profile.

Based on the example from the practice paper presents economy and ecology projection of heat pump
performance which function in the bivalent system in coordination with the gas central heating boilers.

Key words: heat pump, economy, environmental protection, CO»

INTRODUCTION

Rational consumption of primary energy, increased energy efficiency of the system, environmental
protection, reducing CO2 emissions and protecting the ozone layer, reduction of fossil fuel
consumption as well as cooling functions are characteristics of the heat pump which makes that
mentioned device uses renewable energy sources in the most efficient techno-economic way [1].
Economic analysis refers to the application of scientific and technical principles for the cost problems,
estimation and cost control, business and time planning and managing, as well as the analysis of
profitability.

The aim of economic analysis (process, evaluation) in the field of engineering is to eliminate non-
profit projects or identifying financial causes that obstruct the normal and profitable operation of the
plant [2].

In economy analysis of energy systems in general, and especially in comparison of heat pumps with
boilers on liquid fuels, there is a two basic parameters - investment and exploitation costs [3].

TECHNOLOGICAL DESCRIPTION OF HEATING SYSTEM

Plant for using geothermal energy with heat pump water-water/well function in the bivalent system in
coordination with the system of the gas boilers using a floor heating system.

Implemented heat pump with capacity 233kW satisfies total heat demand, except in exceptional cases,
when the external temperature decreases continuously below -18 °C for longer period.

Groundwater from a one drilled well of 35m deep is using as a heat source.

Heat pump is located in the substation and it is connected to the central floor heating system in the
object. Heating by central heating with the gas boilers works in cases when the outdoor temperatures
are low, i.e. when it is necessary that the temperature of the heating fluid be more than 45/35 °C and
than heat energy is provided through two gas boilers with a total capacity of 250kW.

Underfloor heating works in heat mode 45/35 °C. In this mode, heat pump has the highest utilization,
savings are about 75% [4].

INVESTMENTS
Investments or investment costs present total costs of some plant that are ready for commissioning and
include following costs:

- Creation of complete technical documentation of the plant (projects, construction
documentation and other) and equipment which include control of technical documentation,
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- procurement and montage of whole equipment for plant,
- procurement and montage/production of pipeline system, measuring instruments and and
measuring and control systems, construction of supporting structures, etc. and
- arranging the location of the building and construction of buildings, auxiliary (temporary)
facilities, access roads, etc.
It is a one-time expense, which is not returning at the end of the plant's operating life (except in the
amount of equipment residual value).
Else to the investment costs, there are operational and additional costs.
Operating costs are related to the continuous operation of the plant.
Additional costs are necessary for putting plant into operation and exploiting until the first profit is
realized. These costs are called working capital and include initial expenses.
The value of an investment represents a static category, i.e. it does not depend on the operating time of
the plant. Based on the value of the investment, a decision can be made to continue the work on the
project, especially in cases of smaller investments or in cases of investing in non-profitable activities.
Also, investments in environmental protection or fire protection are investments that do not produce
direct profits because there are no products that could be marketed.
The size of the investment does not provide data on the economic efficiency of investments but
indicates the necessary financial sources for the realization of the project.

Investment of the bivalent system - upgrading the heat pump system to the existing gas central
heating boilers system

Investment value of heat pump could be reduced with using bivalent system in heating [3].
With this bivalent system investment (upgrading heat pump system to the existing gas boiler system) it
is anticipated using of sub-geothermal energy, respectively renewable energy, thus achieving
significant effects of energy savings by about 75%.
Also, ecological effects are important, which will be presented in the further part of the paper.
Beside energy savings, important thing is qulity improvement of heating in objects without which
money savings would have no real effect.
With this investment is predicted and realized following:

- Three heat pumps with heating capacity 233kW (COP = 4.44),

- submersible pump 7,5kW,

- drilling and construction of wells 35m depth, 150mm diameter,

- various types of pipes, pipe armature, pipe thermal insulation, arches of supporting elements,

elbows, bonding materials,

- valves (ball, non-returnable, safety) and taps,

- container with valve,

- measuring instruments (manometer, thermometer),

- filling of excavation, instalation test, unexpected jobs, preparatory finishing works and

- other.

INVESTMENT ECONOMIC VALIDITY OF INSTALLED PLANT

As it can be seen from the above mentioned with this investment, a substation of the heat pump plant
was added, which enabled the use of renewable energy and, consequently, an increase in energy
efficiency.
The total value of the investment amounted 5,259,768.00 din.
With mentioned investment it has been realized:
- Numerous positive energy effects including on the first place worthwhileness and increased
quality of heating and maintenance of the building,
- the installed system meet all conditions of the environmental protection,
- better terms from the aspect of safety work and working conditions,
- profit over the entire lifetime of the project (total earnings will be higher than total
expenditures).
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The above indicates that this investments meets the basic criteria and that the adoption of a positive
decision on financing justified expected.

Economic winningness

By unit of power, the boiler plant has a lower investment value than a heat pump. However, while
costs of power for the boiler plant is increasing every day, the energy consumption for the heat pump
is very small, because the most of the heat is uses from the "environment".

The economics of the heat pump can be observed in several ways. The leading one is the one which is
based on two basic data, amount of investment costs of implementing heat pump and maintenance
costs, which is used in the next part [3].

The annual price of energy consumption for heat pump is: 371,322.18 din.

The annual price of energy consumption for heating on the gas is: 2.192.208,3 din.

Based on the above costs, the total annual savings is: 1,820,886.12 din.

While for the exploitation period of 15 years the total savings will amount: 27.313.291,8 din.

Remark: Shown energy prices correspond to the current prices with value-added tax (VAT). With the
rising prices of energy, savings are linearly increasing [4].

The main characteristic of the investment is that the existing and additional factors are used in its
process, and the effects after the completed works will be the results of both of them.

The effects of additional investments are results from a "without the project” and "with the project”
analysis. The status "without the project” is the result of only the existing situation, and the status
"with the project” presents both, existing and additional, so the difference between these two cases is
the result of additional investments.

This difference presents basis for estimation of project efficiency, i.e. applying identical methods for
estimation.

Profitability

Benchmark for this assessment are cash flows (financial and economic flow) for the whole economic
period.
In the profitability analysis, the following criteria were used:

- Returning period of investments and

- the net value of the project.
Returning period of investments — time for returning the total amount of funds invested for the project
realization is the necessary time that project income cover investments.
Based on the total value of the investments, which amounted 5,259,768.00 din. and the annual
difference between the costs of heating on the gas and heating on the heat pump, which amounts
1,820,886.12 din., the repayment period of the investment is: 2 years and 9 months [4].
Remark: The repayment period of the investment is reflected in the current market prices of energy,
with a constant trend of rising energy prices, the period of repayment of investments are decreasing.

ECOLOGICAL EFFECTS

Traditional heating methods have a very low degree of efficiency from 0.6 to 0.9, regarding to much
of the heat goes with combustion products, a large storage space for fossil fuels is needed, and a huge
amount of combustion products are releasing [5]. In addition fossil fuels are using irrational and their
sources are exhaustive.

CO; emissions at the global, continental and national level

Table 1 shows CO; emissions from fuel combustion database from 2016. This database contains a
wide range of CO; emissions for more than 150 countries and regions.
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Table 1. CO, emissions from fuel combustion in millions of tons (1990.-2014.) [6

Year World OECD Europe | VON-OECD Republic of
Europe Serbia
1990. 20502,5 3900,6 3940,1 62,0
1991. 20617,7 3931,0 3795,5 52,3
1992. 2059,6 3844,6 3423,3 48,1
1993. 20676,6 3790,2 3098,4 42,8
1994, 20781,3 37733 2737,0 39,0
1995. 21362,0 3824,2 2634,8 44,6
1996. 218227 3958,8 2537,2 51,7
1997. 22109,1 3885,5 2386,1 56,4
1998. 22254,9 3896,8 2364,1 56,3
1999. 22398,3 3859,9 2346,3 40,1
2000. 231445 3893,2 2377,0 43,0
2001. 23482,2 3938,8 2389,5 45,1
2002. 23884,1 3927,2 2402,0 48,6
2003. 249327 4032,6 2498,4 52,2
2004. 26110,2 4043,6 2482,5 56,4
2005. 27037,7 4027,7 2470,7 49,6
2006. 27890,3 4051,8 2565,1 51,7
2007. 28989,7 4017,9 2590,4 50,2
2008. 29164,8 3942,6 2641,2 48,3
20009. 28748,6 3672,5 2403,9 45,7
2010. 30450,4 3792,9 2536,7 45,9
2011. 31354,4 3648,6 2672,3 50,0
2012. 31592,9 3638,6 2605,5 44,6
2013. 321294 3560,4 2568,8 45,4
2014. 32381,0 3391,6 2446,1 38,1

Remark: OECD - Organisation for Economic Co-operation and Development)

Republic of Serbia is a member of OECD.

Emissions data are based on the IEA (International Energy Agency) world energetics balance sheets
from 2016. and based on the methodologies list on the greenhouse effect of the intergovernmental
panel for climate change IPPC (Intergovernmental Panel on Climate Change) from 2006. roz.

CO; emissions of implemented bivalent system and its projections

The difference of impact of the heat pump with using geothermal energy on the environment in
relation to heating on the fossil fuels, based on the described installed plant is shown through
reduction of CO2 emissions as following:

The reduction of CO2 emissions into the atmosphere at an annual level is: 180 tons

Reduction of CO2 emissions in the atmosphere for a 15 year exploitation period is 2700 tons.

Remark: Data is received from official data of International Energy Agency (IEA) [4].

CONCLUSION

When it comes to renewable energy sources and the derivation of energy in a more economical way,
heat pumps are not considered as "permanent™ and the best solutions, but are "offered" as one of the
solutions, which from an economic point of view should be analyzed, whenever their application is
technically justified.

The dimensioning of the heat pump in extremely low temperature conditions would be uneconomical,
because of that heat pump is upgrading to existing heating systems is practiced, creating a bivalent
system. Since the heat pump is still most expensive heating source, its size should be determined
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according to an optimum, which must include the meterological conditions and purpose of the pump,
as well as the seasonal dynamics of its use.
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Abstract: The article presents a critical analysis of some formulas for calculation of the length of elastic cables.
Also, a numerical analysis is performed to investigate the change of length in function of self-weight and
different support levels.

Key words: cables, length, catenary, self-weight, different support levels

CABLE LENGTH IN CASE OF SUPPORTS ON DIFFERENT LEVELS. ASSUMPTIONS
AND FORMULAS

The numerical analysis is made considering the following assumptions:

1.
2.

The cable has the same cross-sectional area and is of the same material for both static schemes.
The cable loading is one and the same for the different support levels. The different cases of

loading (as a magnitude) are simulated by the loading parameter q%l which is divided in steps of

0,25 (from 0,25 to 4). At the same time, the span length | =100m and the thrust H =500 kN

remain constant, and the change of the uniformly distributed load 9 is divided in steps of
1L,25kN/m' from 1,25 to 20 kKN /m'

The support levels are with a height difference of 5, 10, 15, 20, 40, 60, 80 « 100m.
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a) static scheme ,,parabola” b) static scheme ,,catenary”

Figure 1. Static schemes for a cable with supports on different levels

The cable length is derived by the following formulas:

Lzﬂ(sinhgll+sinh&I2J+H—'l 1+ P ginn & 0
g H H 2)" 2EA H

which represents the exact catenary length equation,
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suggested by Karnovski and Lebed in [1], and

2
L=I 1+tg_¢> +L+H—'I
2 2H2 EA
@)

suggested by Kardjiev in [2].

CRITICAL ANALYSIS OF FORMULAS FOR LENGTH CALCULATION FOR CABLES

WITH SUPPORTS ON DIFFERENT LEVELS. NUMERICAL RESULTS.

Certain parts of the following analysis are performed and presented in [3].
With span length | =100m. and support levels difference greater than 60m., the angle between the

chord connecting the supports and the horizon becomes greater than 30°.
This type of cables are usually called ,,steep® and are of limited interest for the conventional practice
[2].
The analysis of Figure.2 shows, that when the uniformly distributed load has small values (light
cable), the three above mentioned formulas give similar results for the length. At that same time, with
increase of the support levels difference results in greater difference in the results.

L/l
1.6

15

1.4 /

P
A
74

1.3 7 == formulae (1)

== formulae (2)

/ —@— formulae (3)

1.2 =
1.1
. I—T“T/ c
0 20 40 60 80 100
. L ... . . |
Figure 2. T ratio in dependence of support levels difference C with @ 1

Figure 3 shows that when g has moderately high value formulas (1) and (3) give close results for

cables with relatively small difference in support levels. Formulae (2) always gives smaller cable
length, and at the same time the difference between the similar value calculated by (1) and (3), and the
result by (2) on the other hand, increases for steeper cables.
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We can see from Figure.4 that for relatively high values of g (heavy cables) formulas (1) and (2) give

relatively close results. At the same time formulae (3) always gives smaller cable length values. In
steeper cables, that difference is considerable.
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Using formulae (3) for length calculation for heavy cables also leads to the following paradox: in
relatively steep cables the calculated cable length is smaller than that for less steep cables!
Comparison of cable lengths according to (2) and (3) leads to:

L(v.z)—LN.3)=mi2-a(¢)—l.b(gp), (4)

where the functions a(¢) u b(¢) , are:
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2
a(p)= (1-cos®p) ; b(p)= [1+th(p —LJ and are presented on Figure.5 below:
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Figure 5. Functions a(¢) and b(¢)

It is easily seen that equal cable length by the two formulas is obtained only in cables with supports on
the same level. For cables with supports on different levels formulae (2) always gives greater value for
the cable length.

Increasing the span length results in very rapid increase of the first additive in (4) in respect of the
second additive. If the loading increases simultaneously, the additives difference becomes even more
considerable.

ANALYSIS CONCLUSIONS

If we accept for base the results obtained from the (1), we can make the following conclusions:
For the most common cables used in conventional

systems(these are relatively light cables q% belowl.5), the accuracy for practical needs is

reasonable when using all three formulas (1), (2) and (3).
For moderately loaded cables with moderate support levels

difference (q% up to 2.5 and slope up to 30°) , again all three formulas can be used. The difference

in the results obtained by (1) compared to those when using (2) and (3) are of magnitude of 2-4%.
For moderately loaded cables with great support levels difference

(q% up to 2.5 and slope above 30°) and for heavy cables (q%' above 2.5 regardless the slope) it

is suggested only formulae (1) to be used.

SOME SPECIFICS OF THE APPROXIMATE SOLUTION FOR THE LENGTH OF CABLES
WITH SUPPORTS ON THE SAME LEVEL. NUMERICAL RESULTS.

Cable length for cable with supports on the same level, loaded with uniformly distributed load, is
calculated according to:

2
L= 1+(d—yj dx (5)

dx

O — —-
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2
I
The cable sagis f = g—H , S0 the cable length is :

Li\/u(#jz(l—zﬂzdx, ©)

52 6‘3 554

If (6) is represented by power series according to the rule v1+¢ ;1+§—?+E—E+..., the

cable length becomes :

e e

Integration of (7) and considering of f = aH we obtain the following approximate expression for the

cable length:

2,2 4,4 6,6 8,8
L= l‘1+iql _iql + 1 gl > g1 +J

- 8
24 H2 640 44 7168 {6 294912 {8 ®)

In the numerical analysis the loading parameter q% is assumed to change in discrete steps of 0,25

L. .
(from 0,25 to 6). The ratio T in dependence of the number of members from (8) is then analysed.

A, B, C, D and E on the figure below, represent the ratio between the length calculated from (1) and
the same ratio calculated using the first 4 members of the power series in (8), respectively:

8

7

6 /
5 —a— A
/ —o—B

——

ksi
\_\
N

3 / =l
—a—E
2 ppr=
0
0 1 2 3 4 5 6 7

Figure 6. Ratio between cable lengths calculated from exact catenary
formulae (1) and approximate solutions considering one or more members of

(8)

From here a simple but very interesting conclusions can be made:
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Opposite to intuition, taking into consideration more members from (8) results in less accurate
results! Thus considering only the first two members gives better accuracy than considering more.
The authors suggest that either all members of (8) should be used with a more exact numerical
solution, or just the first two - for calculations ,,by hand”.
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Abstract: European directive on the energy performance of buildings forced Europe toward more efficient use
of energy in buildings. Different incentives among with subsidies made renovation of buildings in Europe
possible. However majority of buildings retrofit are partially renovated by replacing particular component in the
building system i.e. by applying envelope solutions only without regard to the rest of the building system. Within
present paper the toolkit with holistic approach to energy retrofit of residential buildings is presented which is
developed under EU funded project entitled HEART. Mentioned toolkit also optimizes energy performance of a
building with synergetic operation between different subcomponents which operates according to an integrated
logic. The toolkit platform effectively manages with different energy flows produced on-site by the PV plant or
obtained from the grid deciding among direct use, thermal or electric energy storage or feeding in the grid as
dictated by convenience and needs. Through this perspective the buildings’ user evolves from being a consumer
to a prosumer. The thermal energy storage in the buildings’ system gives possibility to store electrical energy in
form of thermal energy produced by heat pump which is powered by PV. This contributes to higher energy
effectiveness of the whole system and step towards sustainability with high ratio of on-site use of self-produced
energy. The improvement of sensible thermal energy storage with integrating phase change materials is
presented with which higher energy density of storage unit is achievable.

Key words: retrofit, holistic approach, phase change materials, latent thermal energy storage

INTRODUCTION

Prudent and efficient utilization of renewable energy sources is needed in order to meet demands from
European directive on the energy performance of buildings (EPBD) and to comply with Kyoto
Protocol and newly agreed Paris agreement for global clean energy transition. Already known and
widely referenced fact from EPBD 2010 [1] forced the focus on renewable energy sector which has
been encouraged to improve effectiveness of utilization of renewable energy sources. The 2015 Paris
Agreement on climate change boosts the EU efforts to decarbonize its building sector what also led to
amending EPBD 2010. Taking into account that almost 50 % of EU’s final energy use is used for
heating and cooling of which 80 % is used in buildings where 75 % of it represent a residential
building stock. The EU strives to achieve energy and climate goals with endeavour to renovate its
building sector by giving priority to energy efficiency as well as considering deployment of renewable
energies [2],[3]. To reduce final energy use in newly constructed buildings is one thing but in existing
ones it represents a major challenge. Despite achievements in increasing buildings energy efficiency
retrofits are mostly carried out according to fragmented approach of particular components in the
building system. This results in the improved envelope or HVAC solutions instead of systemic and
effective integration of particular components and its synergetic operation where if not approached in
that matter results in significant inefficiencies and mismatch losses. Such inefficiencies and mutual
interferences can seriously restrain the actual achievable energy saving potential [4-6]. Nevertheless
that progress in energy retrofit of building sector in Europe has been made in recent years it has to
evolve further to achieve the goal which EU has set. With applying systemic solutions capable of
providing synergistic response to the outline needs improvements in this direction can occur what is
the subject of consideration in EU funded HEART project.

OBJECTIVES

HEART project focuses on improving energy efficiency in the residential building sector and aims to
develop, test and validate a holistic and multi-technological integrated and interconnected system for
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the deep retrofit of residential buildings. HEART stands for Holistic Energy and Architectural Retrofit
Toolkit where its general objectives can be summarized as follows:

e enabling a nZEB renovation,

e promoting an overall vision of building energy performance considering heating, cooling and
DHW without neglecting power needs,

e increasing cooling demand and summer thermal comfort requirements,

e consolidation of the role of renewable energy sources in buildings energy efficiency with
special emphasis on PV and increase in on-site use of self-produced energy,

o rationalization of building retrofit interventions in order to create synergies between envelope
technologies and technical systems and also increasing the role of BEMS (Building Energy
Management Systems) and ICT (Information and Communication Technology),

e strengthening in accessibility and interoperability with smart grids,

e improvement of design-funding-construction processes in building energy retrofit,

o reinforcement of public and private support for the economy of energy retrofit.

HEART provides an effective response to both summer and winter needs acting on the building’s
overall energy balance. Application target of project is multi-storey residential buildings of the second
half of the 20" century located in the moderate climate of Europe (part of South and Central Europe).
Within the project the technical, economic and social aspect of energy retrofit will be tackled. The
main objective of the project is development of holistic and multifunctional solutions in a toolkit for
joint response to different needs by energy retrofit of residential buildings. This multifunctional energy
toolkit based on the synergistic interaction between building technologies and technical system is
structured to perform technical, decision-making, management and information features with actively
involvement of different stakeholders (investor, developer, designer, end-user, ect.) in the retrofit
process. For maximal effectiveness of the retrofit process the toolkit is supported by a cloud-based
platform with computational, management and operating logic with special aim to BEMS which
optimizes the overall energy performance of a building and actively involves end-users in the building
management. With simulation and adaptive-predictive features computer models controls and
regulates operations and intervenes at an early stage of the decision-making and design phases to
select optimum system configuration. The goal of the project is to establish synergetic operation
between particular components integrated in the system to improve its effectiveness considering also
affordability of the buildings' retrofit and reducing energy use by up to 90 % and cut payback periods
to less than 15 years. With regard to boundary conditions to match particular components in the
system its configuration is set to be flexible. Main benefits of HEART project and developed toolkit
are optimization of the decision-making and operating phase, reduction of energy use, optimization of
selected life-cycle environmental indicators (e.g. total primary energy consumption, operational and
embodied greenhouse gas emissions, etc.), reduction in retrofit and operating cost, increased levels of
winter indoor thermal comfort levels, increase in on-site renewable energy use, rationalization of
energy flows within the building and to or from the electrical grid [7].

Concept of HEART toolkit

The concept of HEART represents a multifunctional toolkit for building energy retrofit within which
following subcomponents ICT (Information and Communication Technology), BEMS (Building
Energy, Management Systems), HVAC (Heating Ventilation & Air Conditioning), BIPV (Building
Integrated Photovoltaics) and envelope technologies interact between each other to achieve higher
levels of energy effectiveness of the whole system including with effective interaction with the Smart
Grid. The toolkit runs on cloud-based platform with computing power, concentrating managing and
operational logic that supports decision-making in the planning phase of building energy retrofit and
optimizes energy performance in the operational one. The interaction between the cloud platform and
commercial BIM (Building Information Modelling) standards for building and components design is
provided. The concept of the HEART toolkit with included subcomponents and their connectivity in
the system is presented in the

191



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Figure 1. Those subcomponents are under development within the project HEART project and are
listed below:
e Cloud-based DSS (Decision Support System) and BEMS (Building Energy, Management
Systems);
e Multifunctional prefabricated external thermal insulation in which wiring, pipes, vents and
sensing options can be integrated:;
e Universal PV tiles for pitched roofs, customized with respect to common roofing (for flat
rooftops regular open racks systems would do);
e  Multi-Input/Multi-Output power controller for interconnection optimization among
production, storage and consumption devices;
e Hydronic air-to-water DC modular heat pump;
e Advanced hot/cold storage tanks for thermal storage of heat pump that runs on PV;
o Battery pack for PV electricity storage and power management (the only subcomponent not
specifically developed in the project);
e DC smart fan-coils for heating/cooling of rooms (replacing existing radiators).

The user (designer at the beginning) will be able to create an account on the web page where it will be
able to access a purpose area reserved to the specific building of interest. The user friendly-interface
allow to fulfil building profile with its boundary conditions (geometric and constructive data,
microclimate, energy costs, building users’ profiles, ect.), restrictions (sustainable costs, building
codes, ect.) and goals (smaller energy use, return on investment, ect.). Mentioned data can be inserted
either by recalling specific documentation or by accessing purposed databases on the platform.
Creation of a virtual model of the building is set to be done in the first step where iterative process that
simulates size and different possible combinations of buildings’ technologies such as thickness of
thermal envelope, power of a heat pump and size of a PV plant is performed. Whit iterative evaluation
procedure design time is significantly reduced and also rough identification of possible architectural
and installation related interventions can be made in this step. In the next step preliminary automatic
check on the applicability is performed and then DSS selects specific technologies that best suit the
retrofit of buildings’ envelope and HVAC system within predefined shortlist of subcomponents what
also rationalize the design making phase. Considered technologies in the toolkit are specifically
developed or adapted from HEART Consortium’s partners in order to obtain an optimal integration
level. Technical data of considered technologies will already be present in the platform but if needed it
could be integrated or updated. The procedure leads than from a utility function to identification of the
optimal retrofit solution from energetic, environmental, economic and management point of view
followed by priorities filled out by the user which is at this point mainly the owner, building manager
or investor. At the end the obtained optimal solution serves as a reference for the retrofit plan and
renovation intervention. Because a lot of unpredictable things can come to the surface in the
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construction phase of the retrofit, the model can be progressively updated with modifications during
that phase what allows to verify its effectiveness and give useful feedback to the user which at this
point is mainly the designer or the contractor. The interactivity among different stakeholders and
HEARTS’ platform is shown on Figure 2.

The cloud-based platform utilize virtual model of the building by applying predictive-adaptive logic
and by exploiting external (weather forecast, variation in energy tariffs) or internal (inputs and
feedbacks from buildings’ users) information to manage energy flows and electrical grid interaction.
This kind of energy management and smart grid interactivity improves building-systems effectiveness.
Moreover because measurement and simulations are being continuously performed and regarding
boundary conditions of the system this type of logic contributes to enhance the passive features of the
building such as exploitation of solar gains for heating purposes or the envelopes’ thermal inertia to
reduce both summer and winter loads. Small measurement sensors integrated in the buildings’
envelope for the collection and storage of data provide that sort of information. This approach enables
a sort of IoT (Internet of Things) of buildings’ components wWhich increases the interactivity between
envelope conditions and HVAC system. It also increases the data management in general economy of
the project in order to monitor and enhance performance of the whole building system.

Informations

Actions

Energy flows
—

Figure 2. Concept of HEART [7].

The operation protocol of the model has integrated self-learning function which improves its precision
in time comparing simulation and forecast results with feedbacks from continuous building monitoring
and from users (at this point inhabitants) on order to validate computational parameters. Continuous
monitoring of buildings’ effectiveness is provided by strategic placement of different measurement
sensors such as temperature, relative humidity, CO,, occupation etc. The model within toolkits’
control logic enables minimizing the number of measurement points which function is validation of a
mostly virtual but highly reliable monitoring. Obtained information from the model helps to create and
provide directions relative to operating conditions, mode of use, energy use, maintenance needs,
malfunction etc. The BEMS also enables direct interactivity with buildings’ where they can be
informed about buildings’ energy performance and can also control it by using associated applications
through mobile devices like smart-phones. Inter-device communication and in-building data
transmission uses wireless technologies with specific reference to the Narrowband lot protocol.
Energy performance monitoring and control of the building through platform of toolkit provide also
useful information to other HEARTS’ users such as building managers, investors and grid operators.
Figure 2 clearly demonstrates energy flows and flow of information between platform of the toolkit
and all the parts where it obtains information which when processed acts as a feedback whit actions.

Thermal energy storage
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The term thermal energy storage (TES) represents either heat or cold storage where heat or cold can be
stored in a tank (unit) and used later when needed. Thermal energy can be stored through physical
processes in sensible (liquid, solid materials) or latent (phase change materials) TES units. Thermal
energy stored in sensible heat increases approximately linearly with temperature (dashed line in Figure
3). Thermal energy stored in latent heat is when materials change their state of aggregation within a
defined phase change temperature which is nearly constant (solid line in Figure 3) [8].
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Figure 3. Thermal energy storage with and without phase change assuming ideal behavior of PCM [8].

Typical TES units are sensible types which uses water (in liquid aggregate state) as storage medium.
Phase change materials (PCMs) have advantage over other storage materials in that they have higher
energy density and can store higher quantities of thermal energy per volume and mass at smaller
temperatures of heat transfer medium [9]. Potential applications of PCM can be found from difference
between sensible and latent TES shown in Figure 3 where latent TES can be used in applications
where constant temperature is needed. During this project improvement of sensible TES unit is
proposed as is shown on

Figure 4.
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Figure 4. Improved sensible TES with PCM [10],[11]

Spherical nodules filled with PCM are inserted in sensible TES unit with water as heat transfer
medium which circulates in the unit and ensures heat exchange between PCM in nodules and water.
By adding PCM nodules to the water tank we obtain hybrid TES where PCM presents 40% of the
volume according to the whole volume of the TES unit and the rest is filled by water which also acts
as a thermal storage medium. Advantage of the proposed system is in higher energy density for
thermal energy storage in comparison with water at the same temperature level. At 40% of phase
change material filling at temperature difference of 5 K latent TES unit can store up to 5 times more
thermal energy than sensible one because of its higher energy density that can be stored during phase
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change. Time of supplying thermal energy demand is in case of latent TES unit 3.5 times longer than
in case of sensible one. TES has high potential in applications where small temperature differences in
storing of thermal energy take place especially if temperature level of supplying thermal energy in the
system needs to be low which is the case in presented HEART project.

Because the aim of HEART project is to make big step towards sustainability therefore the use of
renewable energy sources have to be utilized in biggest possible proportion. To ensure this utilization
the TES unit is considered to level solar energy gain and shift energy load to time when demand take
place in order to reduce compressor power of heat pump and that it can operate under steady
conditions. Because the constant inlet temperature in heating/cooling system is needed latent TES is
having advantage over sensible one where latent TES have higher energy density stored at constant
temperature of PCM. The central latent TES is used for heating purposes in winter and cooling
purposes in summer what have not been done yet in practice. This is possible to achieve in case of
HEART project because inlet temperature in heating/cooling system is approximately the same
throughout the whole year and is set to be around 25°C.

CONCLUSION

The HEARTSs’ developing toolkit is a multi-stakeholder tool which can be used by almost all
stakeholders involved in the renovation process (investors, real estate developers, designers,
contractors, installers building managers, financers, decision makers inhabitants etc.) in different
phases of the buildings’ life. Contribution of HEARTS’ toolkit to the development of buildings retrofit
can be summarized through following main features:

e Optimization of retrofit planning and implementation;

e Energy use reduction for heating, cooling and DHW;

e Increase in on-site use of self-produced energy from renewables;

o Rationalization of all energy flows inside of building (including renewables) and between

building and smart grids;
e Users’ interactivity in energy-efficient management of the building;
e Support to activities for energy financing.

One of the components in the system that plays a big role in sustainable energy use is TES where
latent TES has high potential in applications where small temperature differences in storing of thermal
energy take place especially if temperature level of supplying thermal energy in the system needs to be
low which is the case in presented HEART project.
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Abstract: Hybrid photovoltaic thermal solar (PVT) collectors represent a relatively new technology on the
market which combines the electricity and heat generation from the same receiving surface in one device. The
hybrid PVT collectors provide both heat and electricity, while the heat generation is several times higher than the
electricity. The PVT collectors improve the performance of PV modules keeping the cells cooled, increasing the
overall efficiency of the panel. In this paper, a theoretical and experimental study of a photovoltaic thermal
hybrid solar collector is presented. Also, we analyzed the influence of various weather conditions against the
technical performance of PVT collector.

Key words: PVT collector, thermal performance, electrical performance, solar energy

INTRODUCTION

The energy sector is in transition worldwide because of increasing demand for energy, significantly
fluctuating oil prices, stronger desire for energy supply security and independence and in response to
sustainability, conservation and environmental considerations. Solar energy has the potential to
provide a significant portion of the renewable energy required to meet these and other national and
international targets and obligations. Solar energy technology is expected to play an important role in
attaining the 10 % renewable energy target by 2020. One of the simplest and most direct applications
of the use of solar energy is the conversion of solar radiation into heat and electricity from the thermal
collector and PV panel that can be used in heating water or air and lighting. The idea is to integrate in
a simple device a PV panel and a thermal solar collector, to create the hybrid PVT solar collector.
Hybrid PVT collectors are multi-energy and multi-functional components converting solar energy into
electricity and heat. The synergistic combination of the improved electrical output and the associated
heat-provision potential have motivated the development of hybrid PVT concepts, which have
emerged as holistic solar energy solutions that combine a PV module for electricity generation,
coupled with a heat exchanger arrangement and a coolant circuit containing a heat transfer fluid for
heat provision from the same collector area.

Photovoltaic system converts solar energy into direct current and its performance is affected by
various factors. Temperature is one of the important factors to investigate where in summer the panel’s
temperature can reach up to (50-60) °C resulting in 3% to 4% reduction in the output power. PV panel
surface temperature increases due to low solar energy to electricity conversion efficiencies as not all of
the solar energy absorbed by PV cells can be converted to electrical energy. To satisfy the law of
conservation of energy, the remaining solar energy must be converted to heat and this contributes to a
drop in the panel electrical efficiency. To address this undesirable effect, heat extraction by fluid
circulation can be done to reduce PV panel temperature and produce hot water using PVT system, thus
achieving a higher energy conversion rate of the absorbed solar radiation [1].

Another advantage of combining the photovoltaic and thermal system is that total area requirement of
a PVT collector is around 40% less [2] compared to photovoltaic and thermal collectors with the same
total capacity. In cases where available area is limited and maximum utilization of the available space
is desired, PVT collectors shine as the better alternative. It is also suggested that PVT collectors are
aesthetically more appealing compared to a combination of thermal and photovoltaic collectors [2].
The different types of PVT collectors were classified in categories, as presented in the Figure 1. The
first category corresponds to concentrated PVT collector, with either high concentration factor or
lower concentration factor. The second category corresponds to all flat plate PVT collectors.
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According to the system where they are integrated, those flat plate PVT collectors can be either glazed
or unglazed. In both case, the cooling fluid can be liquid (water or glycol) or air [3].

T°C
High A
concentration High
. - factor temperatures
e
PVT Low
concentration
factor
=
Covered
PVT
Flat plate
PVT
Uncovered Low
PVT temperatures

Figure 1. Classification of PVT systems

A number of investigators have undertaken research in this field, in which different approaches were
used to estimate the technical performance and economics of PVT systems [4-5]. In our laboratory we
experimentally testing PVT hybrid systems with commercial silicon PV modules of typical size and
thermal units using water as working fluid. The outdoor testing was running in period of August 2018.
The result of this paper will provide useful information about the usage of this type of solar collectors
for production of electricity and heat power for weather conditions in Serbia.

THE THEORETICAL ASPECT OF THE HYBRID PVT COLLECTOR

The present paper is based on hybrid PVT systems because the associated research is concerned with
the distributed supply of both electricity and hot water in the domestic and industrial sector, where this
technology is expected to have its greatest potential due to the combination of both PV and solar-
thermal collectors in a single system. During an operation of the PV system, the solar cells are
warming up by a part of the solar irradiation absorbed in the cells, and as a result they are having less
electrical efficiency. A solution to this problem is cooling a panel with liquid or air and lowering its
temperature and thus increasing electrical efficiency. The total energy, both heat and electricity that
can be obtained from a liquid type hybrid PVT system depends on the following factors: the design of
a PVT system, the solar irradiance, ambient temperature and wind speed and a consumption of a
heated water [6].

The performance of PVT collectors consists of thermal efficiency 7, and electrical efficiencyn,, .

These efficiencies usually include the ratio of the useful thermal gain and electrical gain of the system
to the incident solar irradiation on the collector’s area within a specific time or period. The sum of the

efficiencies, which is known as total efficiency 7, is used to evaluate the overall performance of the
PVT system [3]:

Ny =My 1 (1)

The thermal efficiency 7,, of the steady state conventional flat plate solar collector is defined as the
ratio of useful heat collected to the total energy:

M = % 2
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where Q, is useful heat gain of a flat-plate thermal collector, and G is a total solar radiation on a
collector’s surface. Useful heat gain is available as [7]:
mC, (T,-T)

Q = — A (3)

where m is the mass flow rate of heat transfer fluid per unit collector area, Cp is the specific heat of

the transfer fluid, A is the aperture area of the tested system, and T, and T, are the outlet and inlet
cooling fluid temperatures, respectively.
The electrical efficiency 7,, can be defined as:

Mo =g (4)

where | is the value of current, and V,, voltage at the maximum power point of PV module operation.

SYSTEM DESIGN OF EXPERIMENTAL TESTING

For testing of electrical and thermal characteristics of PVT and PV equipment shown on figure 1 was
used. This testing system was constructed at the Faculty of Technical Science in Ca¢ak. Two identical
polycrystal PV modules (Figure 1) with the nominal power of 250 W are used for testing for weather
conditions in Cacak [8]. In hybrid PVT solar collector copper pipes for heating water is installed,
which electrical and thermal characteristics are testing. Rated mechanical and electrical parameters of
PV and PVT are:

- The dimension of the module: 1642x999 mm

- Electrical max power: 250 W

- Open circuit voltage: 37,75 V

- Short circuit current: 9,89 A

- Length of the active part of the pipe: 14.4 m.

The modules were positioned towards the southeast, with an azimuth of 21° and slope of 45°. For
testing of PV and PVT modules 7.5 Q resistor was used. Current and voltages measurement were
realized with NI 9227 and NI 9225 acquisition card. Water flow was measured using the flow sensor
with the range of 0-20 I/min and output signal 4-20 mA. Inlet and outlet temperatures from PVT
module were measured using the thermocouple. Signals from the flow sensor and two thermocouples
was measuring with NI 9203 acquisition card. All acquisition cards are the connection with the
computer using CompactDAQ Ethernet chassis cDAQ-9184. During the testing process of the PVT
module, an open system is applied where cold water is taken directly from the pipelines. Block
diagram of the testing system are shown in Figure 3.
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Fiure 1. Testing PVT and modules and data acquisition system
1 — hybrid PVT solar collector, 2 — PV solar collector, 3 — resistor, 4 - acquisition
cards, 5 - computer
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Figure 3. Block diagram of the testing system
EXPERIMENTAL RESULTS AND DISCUSSION

The results of power measurements of compared PVT and PV collectors presented are for the 18
August 2018. The electrical, thermal and total power of hybrid PVT are shown in Figure 4. Also,
figure 4 shows values of irradiation obtained from the automatic weather station in Ca¢ak. The testing
results of hybrid PVT collector show that the total heat output power is significantly higher than that
the electrical power. Of course, the maximum electrical power of the module is determined by the
operating point, that is, the load resistance (in this case 7.5 Q).

The average flow rate during testing was 150 I/h, with a deviation of up to £10%. The inlet water
temperature of the PVT collector was 21°C, while the outlet water temperature is significantly
increased, with a maximum value of 29 °C (13:30"). This maximum value of water temperature
corresponds to the maximum thermal power of 1396 W (Figure 4), while the average thermal power
for the observed measurement period was 705 W. The electrical power from PVT collector was
significantly lower than the thermal power, with the maximum value of 151 W (13:30"). If we were to
observe the sum of both power, the maximum value was 1460 W.
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Figure 4. Test results of electrical, thermal and egivalent PVT collector power

Results of measurement of electric power for compared hybrid PVT and PV collectors are shown in
Figure 5. Results show the significant oscillations of obtained electrical power. The reason for the
expressed power oscillation is the occasional cloudiness during the measurement process. The
response of electric power to the decrease of irradiance is considerably faster than the thermal power.
If we compare the obtained values of electric and thermal power of hybrid PVT collector (Figure 4), it
is noticeable that the thermal power slowly increases and decreases with respect to the electrical one,
because hybrid PVT collector takes some time for warming up and cooling down. The difference in
between electrical power for compared PV and PVT is shown in Figure 5. Results show that the
hybrid PVT collector has greater power in periods of slower power changes. This is a direct
consequence of the heat transfer from the PVT collector, which results in lower temperatures of PV
cells and higher voltage of the module, which directly affects the PVT collector efficiency.
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Figure 5. Test results of electrical power of compared PVT and PV collectors

The average values of the electric power measured during the observed period were 50,5 W for PV
and 53 W for the PVT module. Therefore, the obtained electrical power from hybrid PVT collector is
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up to 4,7 % higher than the obtained electrical power from PV collector. During the testing period, the
maximum PVT power was 150 W, while the maximum PV power was 141,6 W. Results show that
using hybrid PVT collectors we can get up to 5,6 % more electrical power than from PV collector.

CONCLUSION

The usage of the solar energy, in general, can be divided into two divisions: the PV technology that
converts the solar energy into electricity and thermal solar technology that convert the solar energy
into heat. Hybrid PVT collectors are very useful devices which enable to produce electricity and heat
simultaneously. The paper presents the basic characteristics of hybrid PVT collector as well as the
advantages of its use. The analyzed testing system is presented for the comparative measurement of
the thermal and electrical power of hybrid PVT and PV collector. These results show that hybrid PVT
collector gets a low increase in obtained electrical power than PV collector, with simultaneous
production of significant heat output. It should be emphasized that no optimal water flow analysis was
performed. Future research should, therefore, focus on the study of PVT systems based on the shape
and geometry of the heat exchanger.
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Abstract: The automotive industry is the driver of the development of the economy that integrates achievements
in the field of technology, technology and almost all other scientific disciplines. The experiences and knowledge
gained in research related to development, production and exploitation of passenger cars are increasingly being
applied in other industries. Since limited amounts of fossil fuels are limited, an alternative mode of transport,
such as electric vehicles, has been sought for years. The drive of electric cars is aimed at improving energy
efficiency and reducing air pollution in countries and cities. Also, by lifting and lowering the "lying down police
officer"”, the flow of automobile can be absorbed as well as the reduction of fuel consumption.

Keywords: car, electric drive, "lying down police officer”, automation

INTRODUCTORY REVIEWS

Nowadays, when new technologies are being developed, special attention is paid to protecting the
environment due to pollution due to the high number of cars and the safety of road users.

As fossil fuels are getting smaller, and in their combustion, a large amount of carbon dioxide is
released, there is a huge pollution of the environment. In order to reduce pollution, the gangs are
working on alternative fossil fuel replacement solutions. More recently, it is being replaced by the
replacement of conventional cars with hybrid or fully electric drives. Hybrid drive uses more power
sources. The most common is a combination of a gasoline or diesel engine with an electric motor.
Regardless of the type of drive in cars, their number is constantly increasing, which affects the safety
of other road users (most often pedestrians). That is why it seeks to increase the safety of participants,
especially by reducing the risk. This is done in many ways. One of the ways is to reduce the speed of
cars in areas where there is an increased risk of pedestrian injury (in front of schools, hospitals,
pedestrian crossings etc.). Speed reduction is most often done by mechanical obstacles - "lying
policemen”. Usually these obstacles are fixed, but they can also be mobile.

MATERIAL AND METHODS

Global modern car production and road safety trends are characterized by a reduction in energy
consumption for their propulsion and an increasing safety of both cars and road infrastructure. The
desire for progress through the development of innovative technologies in the automotive industry
gives an increasing number of manufactured electric cars. In order for them to function, it is necessary
to provide the appropriate logistics that will enable them to continuously charge them with the flow for
their movement. Securing all non-filling processes for charging an electric motor is quite demanding,
and sometimes costly [17]. At the moment, in Serbia, the provision of infrastructure responsiveness is
the installation of equipment that will allow the pre-charge charging of electric cars [16].

Also, in order to provide road infrastructure, especially in urban areas, "lying policemen" sometimes
need to ensure their descent due to the acceleration of traffic flows, as well as the reduction in fuel
consumption [24]. These mobile mechanisms in Serbia have not yet come to life, but soon it will be
necessary.
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System for the free control of the car on the electric power

Today, when the need for fossil fuels is increasing, and fossil fuels are getting smaller, scientists turn
to designing an electric car that will replace fossil fuel cars. The problem that occurs with both
classical and electric cars is the need for occasional filling with both fossil fuel and electricity. For
fossil fuels, there is already built a complete infrastructure for production, transport, storage and
distribution.

For electric cars there is not a large number of distribution points, that is, charging points. Usually the
owners of such cars are forced to complement their cars overnight in their garages (Fig.1). Also, if
charging is done on specially designed parking spaces (Fig. 2 and 3), this requires a lot of time and
physical connection with the cable between the car and the charger. If charging is done outdoors,
weather problems can make charging difficult [1].

a)
Figure 1. Examples of home chargers cars a) [2,20], b) [3]

a)
Figure 3. Electricity filling stations a) [5], b) [6,16]

In order to reduce the charging time, it also facilitates charging (while the car is charging it is unusable
for the owner), it is designed to improve the wireless car charging system. The principle of Wireless
charging is shown in Figure 4.

The principle of wireless charging is based on electromagnetic induction between the two coils. The
first coil is in or on the base, while the other coil is on the car itself. The alternating current from the
socket in the wall converts to a pulse-one-way power supply (Fig. 5). Electromagnetic induction is
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induced in another coil (which is in the car), an electric motor that turns into a one-way and recharges
the Dbattery- battery in the car [22].

A
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r 1 1 f

Rectifier ~Power  Inverter Compen- Coils Compen- Rectifier
Control sation sation Power

Figure 4. Wireless charging principle [7,17]
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Figure 6. Examples of wireless chargers a) [9], b) [10], c¢) [11], d) [12]
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With this system, the transmission spool is fixed and the charging is done, the car must be parked
above the transfer roll. The transmission spool can be placed in the garage, in the parking lot or, for
example, in the street in front of the traffic light, so that while the vehicle is standing on the traffic
light, the car is filled [19].

Regardless of the fact that the wireless charging system makes it easy to charge only because it is not
necessary to get out of the car to connect the cable with the charger, it is still necessary for the car to
stand idle until the batteries are full, which again requires a while. That's why scientists work on a
continuous loading system, i.e. Filling the car on the go. In order to do this, a transmission spool must
be placed in the carriageway itself, and the car is charging while traveling on the road. It can be in a
separated highway bar or in another highway bar [13].

Figure 7. Setting the coil in the path [13] Figure 8. Special highway filling line for
automobiles [13]

System for automatic lifting and removal of the "'lying down police officer"

Often in traffic we encounter obstacles on the way in the form of a "lying policeman". The purpose of
a "lying policeman™ is to slow down the vehicle in order to drive safely, as it is possible to slow down
the vehicle faster and easier stop if it is for some reason necessary. The most common is when
pedestrians want to cross the carriageway.
" Lying down police officer " is most often placed in front of: schools, hospitals, public institutions
and is in operation 24 hours a day With this system, the transmission spool is fixed and the charging is
done, the car must be parked above the transfer roll . The transmission spool can be placed in the
garage, in the parking lot or, for example, in the street in front of the traffic light, so that while the
vehicle is standing on the traffic light, the car is filled. As its function is to slow down the vehicle, and
this takes place indefinitely, regardless of weather or environmental conditions, it is sometimes not
necessary to slow down the traffic. For example: during the break when children do not go to school,
or when there is no schooling in the school (in the evening and overnight), also when public
institutions are closed [21].
When we do not have the need to slow down the traffic, then it is necessary to "lower" the obstacle.
This can be done by activating the mechanism in the "lying cop". The power supply of the mechanism
as well as the symbol itself, which has an LED display panel, is made either from a street lamp located
near or as a fully autonomous solar powered device [23].
The principle of operation of the automatic system is as follows:
When we want to lower the obstacle, this is done by the time program in the forward program. For
example: When children are not in school (from 19h to 7h on the next day, on the electricity itself,
where the information about the obstacle on the road to the "STOP" is first changed, and after a few
seconds the activation of the mechanism of the "lying policeman™ .
By lowering the mechanism, the "STOP" symbol changes to the speed limit symbol.
The system consists of the following:
1. An electric power supply comprising a power supply unit, a contactor and a control panel
(Figure 9),
2. Led signs - a panel showing road information, limited speed, or "STOP" (Figure 10),
3. Boxes with the key that when the pedestrian wishes to cross the street (Figure 10), simply
pressing the button will make a change from the speed limit sign to the "STOP" symbol
(Figure 11),

206



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12t, 2018, Zrenjanin, Serbia

4. "lying policeman" with a movable mechanism for lowering / lifting the obstacle itself (Figure
12),

5. The bearing pole on which the solar panel is mounted (Figure 13).

Depending on the need, the basic system can be expanded in several ways:

1. Instead of an authorized person (eg a school policeman) turning the key directly to the
electroorman, it can be lifted / lowered, this can be done remotely from a command center
(Figure 14).

2. By adding a video surveillance camera, it is possible to monitor the traffic and, if necessary,
remotely activate the system from the command center (Figure 15).

3. Instead of an ice sign, an ice panel can be set that could print the speed of the incoming
vehicle (Figure 16) [19].

=

Figure 9. Electrical cabinet Figure 10. Ice sign Figure 11. Box with buttons

Figure 12. “Lying down police officer” Figure 13. A bearing pillar for a solar panel

Figure 14. Command room  Figure 15. Video surveillance

b)
Figure 16. Road warning signs a), b)
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RESULTS AND DISCUSSION

In the world as well as in Europe, electric cars are increasingly used in transport, agriculture, forestry
and construction, and due to the characteristics of less emissions of harmful gases compared to
conventional fuel, and cheaper fuel [18].

The barrier to the wider introduction of an electric vehicle makes it unusable due to the lack of
adequate charging systems.

As for safety in the production of new cars, very high attention is paid. Also, special attention is paid
to the road infrastructure that should provide greater safety for all participants in the traffic [21].
Special attention is paid to installing and upgrading the operation of "lying policemen”, which enable
faster traffic flow to greater security at times-adjusted intervals.

CONCLUSION

As technology evolved, it found its most common application in cars - they were a kind of polygon for
its further development. Today, when technology advances at light speed, drives on electric drives are
increasingly represented, and also passenger safety is at a high level.

Finally, developed systems from the discussed themes that are used today, seem to have come from a
distant future.
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Abstract: The paper discusses components of sustainable development, ecology, dismantling and recycling of
motor vehicles. The components are related to: materials, engine fuels, working fluids, installation of hazardous
materials, energy efficiency, waste in the process of production, use of sustainable technologies and design
suitable for recycling. Also, elements of sustainability in the construction of motor vehicles, as well as certain
legal environmental protection measures are being considered. In the Republic of Serbia, certain measures are
taken in the direction of research and development to reduce the negative environmental impact of vehicles and
the automobile industry. However, achieved results are still far from the desired level. There is space for
improvement in the sphere of used materials, energy efficiency production of technologies and the application of
sustainable technologies. These segments should have special attention because recycling of motor vehicles
could have a significant impetus to the improvement of the sustainable development in the Serbia.

Key words: motor vehicles, research and development, recycling, environment, Serbia

INTRODUCTION

Motor vehicles, as modern technical and technological achievements, enable the intensive transport of
people and goods, and due to this mobility, the rapid development of human civilization took place.
However, as a cogently civilizational achievement, motor vehicles are one of the largest polluters of
the planet, starting from the production process, to the end of their life cycle. Due to all this, the
importance is increasingly given to the ecological aspects of production, exploitation and recycling of
motor vehicles. In this paper, the accent is on the recycling of motor vehicles at the end of their life
(ELV).
According to [1], deciding of recyclability level of a product depends on: 1. Objective criteria; 2.
Strategic output and 3. External controls.
In developing of concept of a product suitable for recycling, the following questions should be
answered, [2]:

- How to reduce the time and costs of dismantling?

- Which is the optimum percentage of disassembly?

- How to solve logistical problems?

- How to improve the separation of different fractions from plastic?

- Is it possible to find buyers for plastic fractions?

- How to improve the metal recycling process in order to obtain "cleaner" fractions?

- What is the optimal scenario for ELV from the aspect of the environment and economy?

- Is it possible to use "intelligent" materials to improve the dismantling process?
In paper [3] are defined criterias for recycling materials, which were divided into three groups:
1. Technical (quality of the recyclable material, the possibility of additional processing, capacity
(possibility)  for  further  application, material damage, separation capability and
identificationpossibility).
2. Economic (continuity of treatment quantities, price of new material, sorting purity, degree of
soiling, and demand on the market).
3. Ecological (unwanted consequences, linking unwanted consequences, resources spend, energy
consumption, taking up space, etc.).
In paper [4] are defined circular flow of matter and energy when making any king of a product,
including an automobiles (Figure 1). Recycling reduces the share of disposal and demand of raw
materials while reduce energy consumption and emissions into the environment.
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Figure 1. Circular flow of matter and energy, [8]

In Japan, in 2006, five million motor vehicles were newly registered ¢poma total of around 76 million,
[5]. De-registered approximately 5 million, 1.5 million exported, and about 3.5 million motor vehicles
were transferred to recycling. Of this, about 3.167.000 vehicles were dismantled, and 4.823.000
vehicles were treated with shredders. Thereto the recyclability of the complete vehicles was about
12%, and the ASR residue was about 70%. By promoting the national recycling strategy 3R
(Recycling, Re-use, Reduce) in Japan, a total recyclability ratio of ELVs 95% and ASR of 70% was
established, which was a challenge for other countries. The biggest problem was the ignorance about
the status of deregistered vehicles. In most cases (about 64%) they are sold to others, and less exported
(18%), and further their status is unknown about 14% of cases.

In USA, according to [6], in the last decade of the 20th century, there were on average 123 million
vehicles, and about 11 million were deregistered, which is about 11%. The vehicle deregistration rate
depended on the general economic conditions, the accident rate, the age of the vehicle. In the same
period, the recycling rate (coefficient) was around 95%. In the same period there was an increase in
the life span of cars from about 11 years to 14 years, and the share of metal in the vehicle decreased
from 70% to 68%, other metals increased from 8% to 9%, and non-metals increased from about 22%
to 23 %.

Table 1 shows main automobile parts, their primary sort of materials and primary processes.

Table 1. Automobile parts, their primary sort of materials and primary processes, [7]

Automobile part

Primary material

Primary process

Chassis / Suspension

Gear rack / Steering shaft

Steel, Magnesium, Aluminum

Casting, Preassure, Forging in a
mold, Machining

Differential set

Steel, Plastics

Preassure, Shaping

Front suspension

Steel, Aluminum

Preassure, Forging in a mold

Racket (bandage) Steel, Aluminum Preassure, Forging in a mold
Brakes Steel, Friction material Preassure, Forging in a mold
Seats
Seats Steel, Cloth, Foam Shaping, Preassure

Instrument table

Steel, Cloth, Foam

Shaping, Preassure

Worappers / Floor

Synthetic cloth

Shaping

211




VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Outdoor equipment

(doorlock, mirrors, etc.) Plastics, Aluminum, Cast zinc Shaping, Casting, Preassure

Heating and cooling system

Aluminum, Steel, Plastics Casting, Shaping, Preassure
Copper, Aluminum, Plastics Extrusion, Shaping
Plastics, Steel Preassure, Shaping

DEVELOPMENT OF MOTOR VEHICLES CONDUCIVE TO FOR THE ENVIRONMENT

From research and development depend all other phases in the life cycle of a motor vehicle. In order to
determine the current situation in the development of motor vehicles of domestic producers, it is
necessary to analyze the appropriate components of the construction of existing and new models. This
components sould be definied in a way to support sustainability, ecology, dismantling and recycling of
motor vehicles. Components are related to: materials, propellants fules, working fuels, installation of
hazardous materials, energy efficiency, waste in a production process, using of sustainability
technologies and design useful for recycling. Hereinafter are analysing listed components, [8].
a) Materials - Generally, eco materials refer to constructive materials, fuels and electro materials and
that materials sould be environmental friendly. As far as the built-in materials are concerned, the
motor vehicles of domestic producers are at the level of the built-in materials from the 1970s and
1980s, which means that there are no recyclable materials. Namely, due to the very low production of
domestic cars and the absence of any serious development, activities on the development of new
building materials are absent. In this part sould ask for help from foreign partners at the moment when
they start implementing the signed contracts.
b) Propellants fules - Many countries, and above all, EU member states, adopt positive regulations on
air quality protection (EURO 1-6). These regulations enforce fuel producers and the automotive
industry to find solutions which will less pollute the environment. Today's trend is a hybrid vehicle
and new plants (for alcohol, bio-diesel, natural gas, and electrical energy - batteries). It is largely
working on the fuel cells and the using of hydrogen as a fuel for the future. The more massive
practical application of fuel cells is expected after 2020.
c¢) Working fluids - It is largely working to replace the current fluids in the air conditioning systems of
a motor vehicle, but also on new liquids for washing windshields, as well as for the vehicle hygiene.
d) Installation of hazardous materials / materials - The EU has adopted appropriate directives limiting
the installation of mercury, cadmium, hexavalent chromium, lead, sulfuric acid, etc., and the resulting
waste containing these substances is subject to special treatment.
e) Energy efficiency of motor vehicle production technologies (including component production) -
This activity is of multiple importance for the recycling of motor vehicles, but also for preserving
natural resources in general (ore, water, energy). Serbian automotive industry spending 3-4 times more
energy by unit of product of motor vehicle than other automotive industries in the world. That is not
only economical loss, and it is create a much higher amount of wasted materials and materials which
accrue from the production of raw materials, components and motor vehicles as a whole. Further
trends in the world are moving to bigger rationalization of energy and materials in the production of
motor vehicles, with the introduction of advanced technologies and the development of modern
construction of motor vehicles. On the other hand, it is moving towards the development of renewable
energy sources and increasing the share of recycled materials and parts in the new vehicle.
f) Waste which accrue during the vehicle prodiction (including production of material, energy and
components) — Main trend is waste minimizing during the whole life cycle of motor vehicle. Thereto,
the waste that is generated by the production of all forms of energy necessary for the automotive
industry is forgoten, as well as waste resulting from the excavation and processing of ore for obtaining
the necessary raw materials and materials. Then comes the waste generated by the production of
components of a motor vehicle, which is considerably smaller than the previous one, although it is by
its structure and quantity highly significant and problematic.
On the other hand, great efforts are being made to achieve the motor vehicle production with zero
waste (example of Japan) when we talk about materials and components, but the issue of emissions of
harmful substances (air, water, land) remains. This means:

- projected energy efficiency of the motor vehicle during the exploitation period,
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- the projected structure and quantity of waste generated by the motor vehicle during the
exploitation period,

- the simplification degree of assembly of parts and frames,

- physical marking of the type of material (parts),

- projected life span of motor vehicle,

- projected recycling level of material (structure, weights and amount of material recycling).
g) Sustainability technologies - Sustainability technologies in vehicle production referring to next
areas: using of natural resources (ore, energy, biomass), production, maintenance in exploitation,
dismantling, recycling of materials, energy recovery and storage of permanent waste. And in this case
Due to the situation in the automotive industry of Serbia, there are no activities that would create the
basis for sustainable development and production of motor vehicles. But from future foreign partners,
when they start implementing agreements and projects, these activities need to be requested.
h) Recycling design - Recycling design referring to the ease dismantling of parts and composition,
ecological materials and their complete recyclability, high energy efficiency in the entire production
and life cycle of the motor vehicle.

PRODUCTION (MATERIALS, COMPONENTS, MONTAGE) MOTOR VEHICLES

Motor vehicle production is a very complex process that generates large amounts of waste and toxic
substances that enter the air, water, on the land and in the land. The beginning of production is
adaptation of ore and other materials (oil, crude rubber, organic matters), energy production (electric,
heat), production of drinking and industrial water, production of propellant fuels (oil, petrol, gass,
hydrogen), working fluids production, prodiction of components, propulsion aggregates and at the end,
motor vehicle construction.
In order to examine the state of waste and toxic substances at this stage of the life cycle, it is necessary
to provide a whole range of information from the relevant production processes, [8]:

- annual volume of production of motor vehicles in domestic automotive industry,

- the structure and quantity of used materials,

- quantity of used energy and energy efficiency of all processes,

- technological characteristics of process (emission and imissions of toxic substances),

- the structure and quantity of used motor fuel,

- structure and quantity of waste which is generate during the year (especially toxic waste),

- waste recycling level by structure during the year,

- taken steps on recovery and removal of toxic substances accrued in production processes,

- consumed amount of water during the year in mé,

- amount of waste waters during the year in m?,

- transport of ore, materials, fuel and components in tonnes for the year.

Sustainability elements in the motor vehicle production

Technology developement of production of motor vehicles should provide sustainability acquirable
through the elements, which are: (1) low costs, (2) efficient consumption, (3) safety, (4) reliability, (5)
technology, (6) comfort, (7) ) transparency, (8) attractiveness, (9) motor vehicles, (10) low emissions,
(11) good performance and (12) high recyclability, [8].

LEGISLATION OF ENVIRONMENTAL PROTECTION

Political measures (standards, directives, laws) aim primarily at protecting the environment and
preserving the natural dynamics of our planet - Earth. Explanation is given in a brief description of
some of these measures, [8].

a) Labeling — Labeling should show in the ranging system which will provide practical information for
customers that could help them to choose the most environmentally friendly vehicle for their
transportation needs.

b) Mobile Air Conditioning - Society of Automotive Engineers (SAE), Mobile Air Conditioning
Society and U.S. Environmental Protection Agency have established global co-operation in plan for
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reducing the impact of air conditioning on the Earth's climate. The realized partnership has the
following goals:

- Promoting of new generation system of air conditioning which is better for environment,

- development of cost-effective design and improvement of service procedures in order to
minimize the emission of refrigerants,

- communication of technical progress with political decisions and the public,

- documenting the current state and short-dated solutions for improving the design of the air
conditioning system and the environmental performance, handling and maintenance
performance.

¢) REACH - is a new regulation of the European Chemicals Commission and their safe use (EC
1907/2006). It requires the registration, evaluation, authorization and restriction of chemical
substances. The Regulation applies from 1 June, 2007.

d) Euro NCAP - aims to provide realistic and independent access to security for automotive consumers
and the automotive industry to some of the most popular type of cars in Europe. By law, each new car
model has to carry out the safety test (crash test and other) before its sale begins.

e) E-Safety — The first support of the Intelligent Car Initiative, is a working initiative of the European
Commission, industry and other stakeholders. The system uses information and communication
technologies to increase road safety and reduce the number of accidents on European roads.

f) Euro V - All data given in Table 2 relates to new regulations. EC directives also specify other data -
one year later, applicable at the first registration or before the first use of the vehicle (table 2).

Table 2. EU standard emissions for passenger vehicles (categories M1¥), g/km
Class | Date | €O HC | HCtNOx | NOx | PM
Diesel
Euro 1} 1992.07 2.72 (3.16) - 0.97(1.13) - 0.14(0.18)
Euro 2, IDI 1996.01 1.0 - 0.7 - 0.08
Euro 2, DI 1996.01a 1.0 - 0.9 - 0.10
Euro 3 2000.01 0.64 - 0.56 0.50 0.05
Euro 4 2005.01 0.50 - 0.30 0.25 0.025
Euro 5 2009.09b 0.50 - 0.23 0.18 0.005¢
Euro 6 2014.09 0.50 - 0.17 0.08 0.005¢
Petrol
Euro 17 1992.07 2.72 (3.16) - 0.97(1.13) - -
Euro 2 1996.01 2.2 - 0.5 - -
Euro 3 2000.01 2.30 0.20 - 0.15 -
Euro 4 2005.01 1.0 0.10 - 0.08 -
Euro 5 2009.09b 1.0 0.10C - 0.06 0.005d,e
Euro 6 2014.09 1.0 0.10C - 0.06 0.005d,e

At the Euro 1..4 stages, passenger vehicles>2.500 kg were type approved as Category vehicles N1
T - Values are the limit for product comfort (COP)

a -1t0 1999.09.30 (after this date DI engines must realize the IDI limit)

b - 2011.01 for all models

¢ —and NMHC = 0.068 g/km

CONCLUSION

Motor vehicles significantly pollute the environment. It is very important to continuously invest in
research and development to reduce the negative environmental impact of cars and the automotive
industry. It is therefore necessary to use ecological materials and ecologically clean technologies in the
production of motor vehicles, and vehicles that have completed their lifetime cycle must be recycled
appropriately. In Serbia, some measures are taken in this regard, however, the impression is that the
achieved results are still far from the desired level. In particular, there is space for improvement in the
sphere of materials used, energy efficiency production technologies and the application of sustainable
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technologies. To these segments should pay special attention to the fact that recycling of ELV can be a
significant impetus to the improvement of the sustainable development of the Republic of Serbia.
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Abstract: This paper presents control thermal calculation of the strip dryer for drying synthetic rubber and also
the whole description of working process and additional equipment for strip dryer. The drying process has several
stages. Heated warm unsaturated moist air is purged through a pad of moist rubber and that is how the drying
process is performed. Before the next stage of drying process begins, it is necessary to permanently re-heated and
prepare that moist air for the next stage of drying. This kind of technological process had required the introduction
of inter-phases parameters of the drying process which are obtained by calculation. The appearance of the drying
process on diagram indicates on multi-phases drying process of heat-sensitive materials with inter-heating. Besides
of previously mentioned calculation, we also made the calculation and analysis of operating parameters of
pneumatic conveyors which are used to transport the granulated rubber

Key words: synthetic rubber; processing equipment; strip dryers; pneumatic conveyors, thermal calculation.

INTRODUCTION

Natural rubber is obtained from the juice named latex by incising the tree of rubber. Milky juice becomes
elastic-resin mass in contact with air and with separation of water from it. The first usage of rubber was
for erasing graphite, but invention of solution brought us another usage for rubber like making
waterproof products. At that time bad characteristics of natural rubber were these: if the weather was
hot natural rubber becomes soft and sticky and if it was cold weather it becomes rigid and inflexible.
Because of these characteristics, these products were not the most suitable for use. In 1827 Thomas
Hancock has patented the mechanical process of translating rubber from the sinewy stage to the plastic
stage. The entire process was based on the processing on the roll mills. The entire process was based on
the processing on the machine which has two horizontal and parallel rollers. This procedure is called
mastication (pressing). This process allows the easier processing of rubber, and it is still used in the
rubber industry. Charles Goodyear was able to make a whole new material from the rubber, which have
not change the characteristics on temperature like rubber. This material is obtained by softening the
rubber with the salts of sulfur and lead on elevated temperatures. Goodyear called this process
metallization and after he had patented it in 1994 he called it vulcanization. In the world, industrial needs
for the rubber were being bigger from day to day. Because of that, the find could not be able to
adequately respond to the industrial needs, so they decide to find and produce new forms. Synthetic
rubber has made the revolutionary change. It is proved that synthetic rubber is much better than natural
rubber, because at the elevated temperatures it softens while the natural rubber at the elevated
temperatures hardens. A particular advantage is that in contact with the derivatives of petroleum and the
organic solvents do not swell, and which has its usage in the making of tanks for the airplanes, and also
in the making of elastic pipes for the passage of oil and petroleum products in the oil industry, etc. [6].

MATERIAL AND METHODS
Preparation of the granulates of rubber for the pneumatic transport on the hammer mill

Needments of the dryer for the uniformly dosing of the rubber have been satisfied by the pneumatic
transport, which requires a certain size of the granules of synthetic rubber [2], [3]. The granulation of
certain dimensions is obtained by using the hammer mill. The material is crushed by using the steel
hammer, and also with hitting and cutting in contact with sharp ridge. The speed of rotation of the rotor
is from 200 to 1800 min-1, depending on the size of the machine [4]. . Hammer mills can also be more
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complex for example, with the two rotors with hammers which are rotating in the opposite direction,
with very large capacities of up to several hundred thousand kilograms per hour. Material is inserted
through a funnel. In the first step, the hammers roughly crashed the material then the hammers that are
coming next continuing with crashing the material which falls through the grating which is on the bottom
of the hammer mill. The degree of fragmentation is controlled with the grating. In the following text are
the characteristics of the hammer mill CONDUX Type 80/60 / nl, which is used for crushing the rubber.

Specifications for mill CONDUX type 80/60/nl

Diameter of mechanism with hammers................ 800 mm
Working Width..........cccooveiviieiicncee 600 mm
Operative engine P=75 kw, n=1485 min

Engine KRS g355; 8 grooves; profile SPC

Mills KRS g500; 8 grooves; profile SPC

8 V-belts, profile SPC LW=3550 mm

RPM (revolutions per minute) for mill cca 250 min*
Weight of mill, basic frame and engine cca 2565 kg.

Analysis and calculation of operating parameters of the mill and proving of the working
characteristics

-Q=5(t/h)
-D =800 mm - diameter of mechanism with hammers
-L=D-=n=28003,14=2512 mm - circumference of mechanism,

Capacity of crusher:

k-D?-L-n?
Q Zm(ﬂh) (1)

Based on the previously mentioned parameters, we have:

o Q-3600-(i—1) n = 254, 83 min’!
k-D2-L

we adopt these two parameters : k = 4 + 6, k = 5 — empirical coefficient
i = 30 — the degree of reduction for the fine crushing

According to the manufacturer of equipment for CONDUX type 80/60/nl recommended RPM for mill
is cca 250 mint. Based on the whole previous calculation, we can see that we almost got identical values,
S0 we see that the empirical assumptions are correct.

Calculation of the pneumatic transport of rubber granules from the hammer mill to the dryers
for drying rubber

After the process is finished in hammer mill, with pneumatic conveyors rubber granulates are
delivered to the bunker of the strip dryer. Below you will see the whole calculation for the pneumatic
transport to the dryer, based on the known parameters [8], [1].

Gs=5000 kg/h - transport capacity,

d=400 mm - pipeline diameter,

pe=850 kg/m® - volume density of granulate,
V=15 m/s - adopted transport speed
Le=20m - equivalent pipeline length,
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Zﬁ =0,70 - sum of the coefficients of local resistance loss,
pr=1,22 kg/m*® - density of fluid- air
L =0,02 - the coefficient of friction in the pipeline
K =0,5 - coefficient which increases the pressure drop in the movement of the mixture in
relation to the circulation of clean air,
K:=1,6 - coefficient of resistance for the wastage of materials
H=5m - geodetic height of raising the granulate.
Table 1. The steps for calculating the pneumatic transport
Unknown parameters Equations for calculating The obtained values
. d? - m3
Amount of air G=—"Y Qf = 0,125 T]
- . G
Coefficient of concentration Ck = C, =9,067 C, =9
pr - Qf
Losses due to friction of material L v
- =(2-2 py L e Ap,, =3593205Pa
on the walls of the pipeline o= (G2 oAk Pu
Losses due to the geodetic height Apy = ps-c-H-10 Ap, =549Pa
Losses due to wastage of V? _
materials Apy = K- Civpp—- Ap, =19744Pa
Total pressure drop Apy = Aper + Dpy, + Ap, Ap, =6116,605Pa

Based on the values from the previous calculation, we can choose high-pressure centrifugal fan with
following characteristics:

Qv =1220 m%h Ap, =0.115Dbar N = 18,5 kW
The control thermal calculation of the one-stripe dryer

In this section will be carried out the electric — thermical calculation of all relevant thermic dimensions

that characterize the process of drying the rubber on the strip dryer [4],. The axonometric view of the
first zone of the strip dryer with all devices, is given on the figure 1.

Values for physical quantities which are used for electric- thermal calculation of drying process of
rubber:

Psv :1.15(kg / m3) - partial density dryness of dry air in humid air

Psy = 350(kg / m3) - partial density of the dry rubber in the humid rubber

L =5(m) - length of the tape

| =4(m) - width of the tape

h=0.06(m) - the height of the layer of the humid rubber on the conveyor belt
@, =0.4(m/s) - flow speed of the humid air

W; =0y = 0.0Z(m/s) - speed of the conveyor belt (humid rubber)
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Figure 1. Axonometric view of the first zone of the strip dryer

P, =12(bar)— pressure of the dry saturated water vapor in the heat exchanger (capacitor)
Cpey =1000(J /kgK) - STK of dry air while p = const

Cpyp =1860(J /kgK) - STK of water vapor while p = const

r, = 2500(kJ /Kkg) - latent heat of evaporation of the water on the temperature ® = O.O](0 C)
Coy =2050(J /kgK) - STK of dry rubber

c,, =4015J /kgK) - STK of humidity

Xy, =0.089(kg,s /Kgs, ) - absolute air humidity at the input to the heat exchanger

Xy, =Xy, =0.089(Kkg,s /Kg, )- absolute humidity before the beginning of drying process
Xy, =0.104(kg,, /kgg, ) - absolute humidity after the end of drying process

Oy, = 55(0 C) - temperature of humid air at the input to the heat exchanger
Oy = 90(°C) - temperature of humid air before the beginning of drying process

Oy, = 56(0 C) - temperature of humid air after the end of drying process

Xpp = 0.1495LMJ - the absolute humidity of the rubber before the beginning of drying process

kgsm

Qo1 = Xwp _0.1495 olzLMJ:B(%) - relative humidity of the rubber before the

1+x,, 1+0.1495 | kg,
beginning of drying process
Opyer = 50(° C) - temperature of humid rubber before the beginning of drying process
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Table 2. Electric- thermal calculation of the drying process of rubber

Unknown parameters Formula for calculation Obtained values
The surface of the conveyor belt through 3 3 )
which the air flows, is: A= L Av=20m
Surface cross section of humid rubber on _ _ 2
the conveyor, is: Au=1-h Aw=0,24m
The mass flow of dry air. is: Mgy = psy wy Ay rirs,/= 33120 kg/h
The mass flow of dry material, is: Mgy = Psy Oy Ay ritsym = 6048 kg/h

Equation of the heat balance of the process of heating the humid air in the heat exchanger - the
condenser:

mSV (CPSV + XV2 CPVP JG){/CZ + mP r(®P ) = (CPSV + XVlcPVP )®VC1

zap, =12(bar)=0 ©, =187.95°C)=0 r(®,)=1987004J /kg)
The mass flow of the dry saturated water vapor in the heat exchanger, is:
m, =0.18888kg/s)=680(kg/h)

Equation of the material balance of the drying process

gy (xp1 — Xy1) = Mgy (X1 — Xm1)

The absolute humidity of the rubber on the output from the first drying zone, is:

X|’\/|1 = 0-0674(kgw| /kgSM )

The relative humidity of the rubber on the output from the first drying zone, is:

'
XMl

!
1+ Xy,

Q1 = Jwr = 0,063 kg./kgm= 6,3%

The equations of thermal balance of the drying process

Mgy [(cpsy + xy1Cpyp) * Oycr + xp17,] — Qg

The heat losses in the unit of time during the drying process are:
Q, =52069(W )
This amount of heat are consumed by the humid rubber for its heating, so it follows:

gy (Csy + Xp1Cot) * Omer + Qg = Mgy (Csm + Xpy1Cewr) * Omca

Temperature of the humid rubber on the output from the first drying zone:
@, =5134(°C)

The representation of the drying process on the iv — Xy diagram for humid air (Figure 2)
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Figure 2.The representation of the drying process on the iv — Xy diagram for humid air

Calculation of the pneumatic transport of rubber granules from the strip dryers to the cyclones

The granules are having the surface cooling with the fresh air in the last ventricle of the dryer. Than the
granules that are connected were mechanically broken and then take it to the machine for crushing which
produces the uniform size of granules which are necessary for dosing in baling presses. Through the
shake machine, desiccated granules of rubber will reaching the pneumatic conveyor [6], [5].

Parameters of pneumatic transport

Gs= 7000 kg/h - transport capacity

Zﬁ =0,80 - sum of the coefficients of local resistance losses

pv=1,2 kg/m? - density of fluid-air

A =0,02 - coefficient of friction in the pipeline

K:=1,4 - coefficient of resistance to wastage of material

N = 75kW - known information about the power of the installed fan

The steps in calculation of the pneumatic transport

The calculation is based on the known values (from the technological guidebook):
- quantity of air Q,= 8000 m*h = 2.22 m¥s

- bulk density 200-300 kg/m®

- max. granulation 100 x 100 mm

-v=18,2 m/s - adopted transport speed based on bulk density 240 (kg / m3)
-L=Ln+ Ly + Lek - length of the pipeline,

Le= 0,8 - equivalent length of the pipeline

Ly=16,85m - geodetic height of the granulate

Lh=14,6 m - horizontal section of the pipeline.
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Figure 3.The scheme for pneumatic transport from the dryer to the cyclone

- for granular material v=18,2 m/s, C«x = (3+8), Ci=>5 — coefficient of concentration
k=(0,5+0,7), k = 0,55- resistance coefficient
- From the equation for the amount of air, we can determine the diameter of the pipeline:

dz.
Qv = 2 dd -V, - The equation for the quantity of air (2

Table 3.The steps for calculating the pneumatic transport
Unknown parameters Formula for calculating Obtained values

Pipeline diameter 4.0
d= ” i d =0,394 mm
v T

Pipeline length L= L+ Ly + Lot L=39,45m

Losses due to friction of material on the

L, V2
L. Apy =(21-=2 py 2 (1+ K Ap,, =20887Pa
walls of the pipeline o= (120 g e P

2

Losses due the geodetic height Apy =p, ¢, -H- 10 Ap, =876Pa

Losses due to wastage of materials Ap, =K. py V%2 Ap, =1391,2Pa

Total pressure drop Apy = Ap,, + Apy, + Ap, Ap, =231542Pa

Power of installed fan _ k1 Qyky-Ap N = 74,212 kW
1000 - u

According to the manufacturer of equipment, the power of installed fan is N = 75 kW. Based on the
whole previous calculation, we can see that we almost got identical values for the power of installed fan,
so we proved the assumptions at the beginning and empirical assumptions. All the assumptions that we
mentioned at the beginning are correct.
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CONCLUSION

In this paper was performed the calculation of the optimum operating parameters of the pneumatic
conveyors and strip dryer, which is using for process of transporting and drying of the synthetic rubber.
Dryers for drying the rubber in the finalization process, directly affects the quality of the final product.
The drying process of synthetic rubber with the unsaturated humid air in the strip dryer, which is located
in the finalization section, can be presented graphically with the ,,sharply* look in the ,,iv-Xy* diagram
for humid air. In every stage of drying process the unsaturated humid air is gradually cooled and
saturated with moisture from the humid rubber. Each step in drying process, which corresponds to each
drying zone, can be modeled (described) by one dots in the diagram. The sum of these dots shows us
summary chart for the entire drying process. Changes in thermodynamic values can also be tracked from
the individual parts or from the entire diagram. This justifies the selection of this control thermal
calculation for the one strip dryer for the control of the drying process of synthetic rubber. Based on the
known and obtained values, it is determined that values are in the same limit zone like the manufacturer
recommended.
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Abstract: The basis of sustainability in terms of social stability is to secure new jobs and independence from
energy imports. There is growing awareness of the need to replace fossil fuels and preserving the environment,
which contributes to sustainability, and thus to the creation of a positive social climate towards renewable
sources. Wood biomass has the widest use among different types of biomass. Well-designed forest complexes
are a sustainable source of energy because they can be renewed, CO; emissions are neutralized and are a good
substitute for existing fossil fuels. Creating a positive environment for the use of wood biomass brings with it a
sustainable solution for future energy needs.

In this paper, the available energy potentials from wood and plant biomass arising in the territory of the
municipality of Lucani.

Key words: wood and plant biomass, energy potential, Lu¢ani municipality

INTRODUCTION

The use of available waste wood and plant biomass for energy or other purposes is significant due to
poor energy potentials in general, as well as due to the reduction of import dependence, the provision
of energy supplies, the reduction of environmental pollution, and the fulfillment of international
commitments to reduce CO- emissions. Also, rational use of available waste wood and plant biomass
for energy and other purposes would significantly influence the raising of the technological level of
energy, mechanical engineering, food industry, etc., faster development of poorly developed regions
rich in waste from agricultural wood and plant biomass realized through: realization of investments,
engagement of local workforce, opening of new jobs, improvement of local infrastructure, and
realization of income through various types of production. Some of the aspects of environmental
protection are aggregate environmental impacts of wood and vegetable biomass residues in: air,
watercourses and land and on the change or degradation of the habitat (humans, flora and fauna). To
date, in our country, the knowledge about such influences is mainly based on observation and oral
statements.

In addition, using waste wood and plant biomass generally can have three interrelated aspects: (1)
economic (or perhaps techno-economic) sustainability, (2) ecological sustainability, and (3) social
sustainability. So sustainable development systems depend on the practical application of appropriate
technologies that provide the best "conjunction” between techno-economic feasibility, social
acceptability and environmentally sustainable use of available resources.

Due to lower supply of fossil energy sources in the present time, growing interest in other energy
sources is expressed. Such energy sources are alternative energy sources, or renewable energy sources.
This group consists of energy sources: wind energy, solar energy, waterpower, geothermal energy,
wave energy and energy obtained from biomass.

The most important energy of the 20th century was oil. In the world's primary energy consumption oil
participated with about 35%, coal with about 24%, gas with about 18%, renewable energy with about
17% and nuclear energy with about 6%, [6,8].

One of the most important renewable energy sources, if not the most important, is biomass as for the
amount of energy periodically renewed and relatively small cost of production and collection. The
great advantage of biomass is reflected in the acquisition of eco-friendly alternative fuels, as one of the
possible solutions is more imposing is biodiesel, fuel that originates from plant processing and waste
oils, [1-3].
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For sustainable economic development depends on sufficient amount of energy, and increased use of
energy sources is unavoidable.

AVAILABLE ENERGY POTENTIALS FROM WOOD AND HERBAL BIOMASS FROM
THE TERRITORY OF THE MUNICIPALITY OF LUCHANI

From the territory of the Municipality of Lucéani (Figure 1.), energy use can be used from biomass

from forest ecosystems, grass biomass (meadows, pastures), orchard biomass, raspberry, biomass of
agricultural crops, etc.)

GOVINA

Figure 1. Municipalityof Lucani with neighboring municpalities and Regions
Healthy wood from regular farming of forests

State forests under the forests in the municipality of Lucani extend to 3709.34 ha, while the area of
forests in private ownership is 11914 ha, according to [7]. Based on forest management in state
ownership, the annual average harvesting volume is 2800 m? per year. The intake of private property is
6200 m? per year.

The forest stock of the municipality of Lucani is given in Table 1. In this table, the basic production
indicators are given, which are: area P (ha), percentage share of state and private forests P(%) and
predicted volume of logging V (m?®) for a period of one year. Table 1. Energy balance for biodiesel
made of rapeseed and MJ/ha.

Table 1. Forest Fund of the Municipality

Ownership P(ha) | P% |V(md
State property | 3709 | 23,75 | 2800
Private property | 11914 | 76,25 | 6200
TOTAL 15623 | 100,0 | 9000

Energy potentials from the heavy tree from the regular farming of forests

Based on [2] in Table 2., the upper thermal power and the peak mass, for some trees represented, are
given for the territory of the municipality of Lucani.
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Table 2. Upper heat power and volume, for some trees

Tree type Upper heat power (MJ/kQ) Volume mass (kg/m?)
Wood Bark Wood Bark
Beech 18,82 18,00 680 580
Oak 18,36 19,70 650 425
Black poplar 17,26 18,00 410 412
Prickly 19,66 21,20 430 340
Jelly 19,46 21,00 410 460
Pine tree 21,21 20,62 580 300

In Table 3., according to [4], heat power for different values of humidity of trees, as well as volume
mass for different values of humidity of trees for the Municipality of Lucani, are given.

Table 3. Thermal power for different values of wood humidity

\-IFV%EZ of Heat power (MJ/Kg) Volume mass (kg/m?)
Wood and humidity Bark with | Wood and humidity Bark
[0%  [30% [50% | 0% moisture |[0% [30% |50% | | with 0%
moisture
Beech 118,82 1187 |77 | 17,00 1680 | 798 [ 1117 | 580
Oak 11836 11,80 [1150 | | 19 1650 | 750 [ 980 | 425
Pinetree  [[2121 [12,87 [9,50 | 20,62 1580 | 750 [ 980 | 300
Jelly 119,46 [11,90 |8,30 | 21,00 1410 [ 730 |880 | 460
Prickly 119,66 12,57 |8,28 | 21,20 1430 | 542 [ 759 | 340
Othertrees |15  [10 B | 17,00 | 250 | 300 | 400 | 300

Based on [3], according to Table 3, the thermal power and humidity for trees that are cut in the
territory of the municipality of Lucani were adopted and are given in Table 4.

Table 4. Thermal power and humidity for trees were adopted

Adopted humidity around 30%
Type of wood i
Adopted heat power (MJ/kg) Weight Adopted (kg/m?)

Beech 12 750
Oak 12 700
Pines 13 600
Jelly 12 510
Prickly 13 550
Other trees 10 400

According to the available quantities in Table 1, as well as the adopted values for the thickness and
weight of the wood from Table 3 and 4, the energy potentials of forest species that are cut for the
territory of the municipality of Lucani (in MWh / year) are calculated, and those are given in Table 5.

Table 5. Energy potentials of forest tree species
Hardwoods In total (MWh/god)
15623*12*700/3600 36453,67
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Wood resident that are according to the use of the forests (seeds)

Wood residue that occurs during the use of forests (residue that occurs in cutting and making out of
lining and spatial wood, hornbeam, granite, etc.).

The rest of the tree felling in the forests in the territory of the Municipality of Lu¢ani amounts to about
10% (according to [2]), which is 1562.3 m?, and the part that can be used for energy purposes is about
7%, which is 1093, 1 m? per year.

Energy waste continuous potentials are provided by the forest application

According to the available quantities of residues from forests in the territory of the Municipality of
Lucani, 1093.1 m®/ year, as well as the adopted values for the thickness and weight of trees in Table
4. and 5., these available energy potentials for the territory Municipalities of Luc¢ani (in MWh / year),
and they were given to the Table 6.

Table 6. Available energy potentials from residues in the case of noise cuts
Hardwoods Total (MWh/god)
1093,1*12*700/3600 2550,56

Wood from forestry green vegetables (fragments of forests, whether based, forest vegetables,
roads and et)

For calculating the available energy potential there are no recorded data on quantities and types of
energy sources, but according to the recommendations of the relevant expert services from the Local
self-government and the adopted values for thermal power, the energy potential is calculated, and the
calculated values for the energy potential (in MWh / year) in Table 7.

Table 7. Energy potential of forest fragments
Fragments of forests Total (MWh/god)
550*12*700/3600 1283,33

Wood and plant biomass through the keeping and cleaning magistral and other roads

On the territory of the Municipality of Lucani, adequate JKP to maintain urban green peony and roads,
thus collecting wood and agricultural biomass that can be used for energy purposes. For calculating
the available energy potential there are no recorded data on quantities and types of energy sources, but
according to the recommendations of the relevant expert services from the Local self-government and
the adopted values for thermal power, the energy potential is calculated, and the calculated values for
the energy potential (in MWh / year) in Table 8.

Table 8. Energy potential of road cleaning

Type of energy source Total (MWh/god)
Cropped grass 500
Wailing leaves 200
Treated trees 100

The removal which will be prescription of wood

Usually in sawmills of the total amount of wood that is processed between 50 and 65% of the
commercial product, and the rest is wood residue. Thus, the wood residue that occurs in wood
processing is within the range of 35% to 50%. We will accept that for the territory of the Municipality
of Lucani, the rest in wood processing is about 50%.

A rough estimate, based on incomplete data, the energy potential of the wood residue in its processing
in factories, from the territory of the Municipality of Lugani is about 5000,00 MWh/ year®.

1 The authors came to this data using some experiences from similar projects they were involved in in the
Republic of Serbia.
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Removal of agricultural production (rating, returning, viticulture)

Out of the total area of agricultural land used, from the local self-government of the municipality of
Lucani, 206 ha or 2244 agricultural holdings, arable land and garden 6751 ha, 4071 agricultural
holdings, meadows and pastures 7437 ha or 4519 agricultural farms, orchards and vineyard 2699 ha ie
4449 agricultural farms, 1392 ha plantation areas, 1307 ha, 1307 ha, vegetable areas, bosom and
strawberries 49 ha (tomatoes 2 ha, cabbage 10 ha, paprika 1 ha, onion 1 ha) [7].

Of the total area under arable land and gardens of 6751 ha, under cereals and legumes there are 3618
ha, under peanuts 27 ha, under potatoes 997 ha, under industrial herbs 3 ha, and under fodder plant is
1852 ha and this mixture of grasses is 840 ha, corn for silage 226 ha, clover 332 ha. Also, the total
area under the wheat is 799 ha, under the gardens it is 16 ha, under the barley 80 ha, under the oats it is
265 ha, under the corn for the grain is 2336 ha and under the other grain crops is 123 ha.

For now raspberries give yields about 10 tons, planted under a plum about 10 tons, planted under the
blackberry about 7.5 tons [7].

Surveillance of surfaces under agricultural culture In municipality Luc¢ani

Table 9. Survey of areas under agricultural crops

S.N. Culture AREA (ha)
1. wheat 800
2. corn 2300
3. tooth 250
4. barley 100
5. potato 950
6. apple 500
7. pear 90
8. sleep 1300
9. raspberry 900
10. blackberry 50
11. strawberry 35

Potential energy sources and their areas under planting are obtained from the data: Agricultural Census
2012. year for the territory of the municipality of Lucani.
Lower thermal power from wood and agricultural biomass, according to [5, 1], are given in Table 10.

Table 10. Lower thermal power from wood and agricultural biomass

R. N. Available Biomass Lower heat power (MJ/Kg)
1. Wheat straw 14,00
2. Barley straw 14,20
3. Oat straw 14,50
4, Straw straw 14,00
5. Corn 13,50
6. Maize corn 13,85
7. Weed 14,70
8. Sunflower stalk 14,50
9. Shell sunflower 17,55
10. | Soybean straw 15,70
11. | Strawberry oil 17,40
12. | Stem hops 14,00
13. | Stem of tobacco 13,85
14. | Remnants of orchards in orchards 14,15
15. | Remnants of residues in vineyards 14,00
16. | Mushroom 23,00

The energy potentials of agricultural residues are given in Table 11, according to the data from the
Population Census 2012, as well as the recommendations from [1, 7].
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Table 11. Energy potentials from agricultural residues

Sfr%crl)gs Available energy potential Available energy potential
Cereals 2,1t/ha 1150%2.1*14*1000/3600
Corn 3t/ha 2300*3*13.5*1000/3600
Potato 1,5t/ha 950*1.5*12*1000/3600
Strawberry 1,1t/ha 35*1.1*10*1000/3600
blackberry 1,1 kg/m 50*12000*1,1*16/3600
Raspberry 1 kg/m 900*15000*1*15/3600
Fruits 2,1 t/ha 1300*2.1*12/3600
Other 0,1 kgm? no data

The values of thermal power from agricultural residues were calculated, the values of heat power,
according to the available quantities and Table 11, were calculated on the treated areas from the
territory of Luc¢ani municipality (MWh /year) Table 12.

Table 12. Energy potentials from agricultural residues

Type of crop Energy potential (MWh/god)
Cereals 9391,67

Corn 25875,00

Potato 4750,00
Strawberries 106,95

Blackberry 2933,34

Raspberry 56250,00

Fruits 20533,36

Other negligible

NOTE: The remainder as a product of agricultural production can be used as an energy source
according to [3], ¥4 or ¥ of the calculated energy values depending on the type of plant residues. The
rest in cutting fruits, raspberries and blackberries can be used as a 100% energy source. Accordingly,
the availability of waste agricultural energy for the territory of the Municipality of Lucani is given in
Table 13.

Table 13. Total energy potentials

Energy source from the rest | Total (MWh/god)
Cereals (1/4) 2347,92
Corn (1/4) 6468,75
Potatoes (1/2) 2375,00
Strawberries (1/2) 53,48
Blackberry 2933,34
Raspberry 56250,00
Fruits 20533,00
TOTAL 90961,49

CONCLUSIONS

For the rational utilization of the available quantities of biomass as a fuel, as well as the residue from
the use of forests when cutting and processing wood, from the municipality of Lucani, appropriate
quantities and energy potentials from wood and agricultural biomass are defined.

On the basis of the obtained results, the energy potentials for the territory of the Municipality of
Lucani in MWh/year. are:

- from firewood from regular forest management 36453,67 MWh/year.
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- from the rest that occurs during the use of forests (the residue that occurs in the felling and
production of lining and spatial wood, hornbeam, granite, etc.) 2550,56 MWh/year.

- from wood from extracurricular greenery (borders, forest plants along watercourses, roads, etc.,
2550,56 MWh/year.

- from wood and agricultural biomass obtained by maintenance of plants along the main and other
roads 800,00 MWh/year.

- from wood residues from wood processing 5000,00 MWh/year.

- from residues from agricultural production (crop, vegetables) 90961,49 MWh/year.
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Abstract: Some industrial process uses a lot of thermal energy by burning fossil fuel to produce steam or heat
for the purpose. After the processes, heat is rejected to the surrounding as waste. This waste heat can be directly
used for heating purposes and/or converted to an useful refrigeration as in absorption or adsorption refrigeration
cycle. The absorption cycle operates under two pressure levels. The condenser-generator are located in high
pressure level, the evaporator-absorber in low pressure level. The working principle is based on different boiling
temperatures of the refrigerant and the absorbent. Actually, the thermal compressor uses a heat-driven
concentration difference to move refrigerant vapor from the evaporator to the condenser. In this study has been
presented working principal and importance of absorption cooling with classification.

Key words: Cooling, absorption, solar power

INTRODUCTION

It seems to be useful to give a comparison of absorption refrigeration cycle with the more familiar
vapor compression cycle. Main components and the working principle of the absorption cycle is
analogous to that of the vapor compression cycle with two main differences. Firstly, there is a thermal
compressor, which consists of generator, absorber, heat exchanger, throttle valve, in absorption cycle
instead of mechanical compressor in vapor compression cooling cycle. Secondly, absorption cooling
cycle needs a secondary fluid as absorbent.

An absorption cooling machine would produce cooling energy for refrigeration, comfort cooling or
process cooling purposes by using the residual heat from sources such as steam, hot water or hot gas.
The common approach to explain the absorption refrigeration cycle is by comparing it with the more
familiar vapor compression cycle, Figure 1 [1].

The working principle of the absorption cycle is similar to that of the vapor compression cycle with
two main differences. Firstly, the vapor absorption cooling (VAC) system has thermal compressor
instead of mechanical compressor in vapor compression cooling (VCC). Secondly a secondary fluid in
addition to the refrigerant, known as liquid sorption medium or absorbent exists in VAC system [1].
The performance and efficiency of absorption systems is directly correlated with the chemical, thermo
physical and thermodynamic properties of the working fluid. Many working fluids have been
considered for absorption systems. The most common working fluids with practical application in
absorption systems are H,O-NHs; and LiBr-H.O [1]. Working fluids H,O-NH; is suitable for
refrigeration purposes and LiBr-H,O is applicable for process and comfort cooling purposes over 4 °C,
because water vapor is refrigerant in that case. The absorption cooling system will be explained in
following sections with working fluid of LiBr-HO.

231


mailto:ms.guney@giresun.edu.tr

VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

: Refrigerant
Refrigerant

apour

Refrigerant Refrigerant
liquid liquid
Expansion Expansion _ :
device w R SHX
Refrigerant , Refrigerant Weak ‘ ‘Slron
liquid + vapour liquid + vapour l S‘gﬁ,‘,’,’(‘,’ﬁ mX absorbent
: solution

) Refrigerant

V Refrigerant ' vapour : .
Mechanical /AN
compressor C

(a) (b) Thermal
compressor

Figure 1. Comparative schematic of absorption cooling with vapor compression cooling system [1]
MATERIAL AND METHODS
Working principal

In its simplest design the absorption machine consists of an evaporator, a condenser, an absorber, a
generator and a solution pump [2]. The working principle is based on different boiling temperatures of
the refrigerant and the absorbent. External heat input in the generator causes that refrigerant is boiled
out of a solution and compressed to the refrigeration vapor at higher pressure while the concentrated
absorbent stays liquid. The hot refrigerant vapor flows to the condenser where heat is removed by
external heat sink, condensing the refrigerant vapor to liquid. The high-pressure liquid then passes
through an expansion device reducing its pressure to the evaporator pressure level. External heat input
causes a refrigerant to evaporate. The low pressure refrigerant vapor is then passed into the absorber
where it condenses diluting the concentrated absorbent coming from the generator. The diluted
solution (rich in refrigerant) is then pumped back to the generator where it evaporates again, closing
the cycle. In other words, the “thermal” compressor of the absorption cycle uses a heat-driven
concentration difference to move refrigerant vapor from the evaporator to the condenser [1].

In the absorption cycle (Figure 1), the role of the mechanical compressor in compression cycle is
replaced by “thermal compressor” which consists of generator, absorber, solution heat exchanger,
solution pump and throttling valve. Just like the vapor compression cycle, the absorption cycle
operates under two pressure levels. High pressure level (refrigerant separation side) corresponds to the
condenser-generator while low pressure level of absorption process in vacuum corresponds to
evaporator-absorber. The high pressure level is approximately ten times higher than low pressure level
in order to allow the heat rejection of the refrigerant at commonly available temperatures [1].

Figure 2 shows the basic principle of an single effect absorption cooling machine Figure 3 presents
functional schematic of double-effect absorption chiller, and Figure 3 gives scematic of direct-fired
absorption chiller [3].
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Classification

The absorption machines can be classified based on several criteria: main function, firing method,
number of effects and stages, condensing method, working fluids, application, and capacity [1]. Most
common classification are performed due to firing method and number of effect respectively as direct-
or indirect-fired, and as single, double - or triple-effect. In direct-fired units, the heat source can be gas
or some other fuel that is burned in the unit. Indirect-fired units use steam or some other transfer fluid
that brings in heat from a separate source, such as a boiler or heat recovered from an industrial
process. Hybrid systems, which are relatively common with absorption chillers, combine gas systems
and electric systems for load optimization and flexibility [4].

The single-effect “cycle” refers to the transfer of fluids through the four major components of the
refrigeration machine - evaporator, absorber, generator and condenser, as shown in the Pressure-
Temperature diagram in Figure 4 [5]. Single-effect LiBr/H,O absorption chillers commonly use low
pressure steam or hot water as the heat source. The water is able to evaporate and extract heat in the
evaporator because the system is under a partial vacuum. The thermal efficiency of single-effect
absorption systems is low. Although the technology is sound, the low efficiency has inhibited the cost
competitiveness of single-effect systems. Most new single-effect machines are installed in applications
where waste heat is readily available. Single-effect chillers can be used to produce chilled water for air
conditioning and for cooling process water, and are available in capacities from 7.5 to 1,500 tons.

Prasame

L.

Tempemtume

CONDENSOR GENERATOR

EXCHAMNGER

EVAPORATOR ABSORBER
Figure 4. Single-effect absorption cooling cycle [5]

Figure 5 gives double effect absorption chiller in pressure-temperature diagram [5]. Double-effect
absorption cooling cycles improve the performance of absorption systems by using the input heat
twice A double-effect absorption system has two stages of generation to separate the refrigerant from
the absorbent. The overall efficiency of the absorption system is increased by indirectly using the
inputted heat a second time [6].
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The triple-effect absorption cooling cycles are the next innovative stage over the double-effect. Triple-
effect absorption chillers are under development, as the next step in the evolution of absorption
technology. Figure 6 shows the triple effect absorption cycle on a Pressure-Temperature diagram. The
refrigerant vapor from the high and medium temperature generators is condensed and the heat is used
to provide heat to the next lower temperature generator. The refrigerant from all three condensers
flows to an evaporator where it absorbs more heat. Two different triple-effect absorption chiller cycles
are capable of substantial performance improvements over equivalent double-effect cycles. One uses
two condensers and two absorbers to achieve the triple effect. A second, the double condenser coupled
(DCC) triple-effect, uses three condensers as well as a third condenser subcooler. Triple-effect
systems offer the possibility of thermal efficiencies equal to those of electrical chillers. The cost,
however, will be higher, so system cost effectiveness will need to be evaluated on a case-by-case
basis. The higher efficiency levels would open wider markets for absorption chillers.
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LOW-TEMPERATURE
GENERATOR
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Figure 6. Triple-effect absorption cooling cycle [5]
RESULTS AND DISSCUSSION

The desire for higher efficiencies in absorption chillers led to the development of double-effect
LiBr/H,O systems. The double-effect chiller differs from the single-effect in that there are two
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condensers and two generators to allow for more refrigerant boil-off from the absorbent solution.
Figure 4 shows the double effect absorption cycle on a Pressure-Temperature diagram (Anonymous 3,
1998:1). Figure 5 presents functional schematic of double-effect hot water driven absorption chiller
(Anonymous 3, 1998:1). The higher temperature generator uses the externally supplied steam to boil
the refrigerant from the weak absorbent. The refrigerant vapor from the high temperature generator is
condensed and the heat produced is used to provide heat to the low temperature generator. These
systems use gas-fired combustors or high pressure steam as the heat source. Double-effect absorption
chillers are used for air-conditioning and process cooling in regions where the cost of electricity is
high relative to natural gas. Double-effect absorption chillers are also used in applications where high
pressure steam, such as district heating, is readily available. Although the double-effect machines are
more efficient than single-effect machines, they have a higher initial manufacturing cost. There are
special materials considerations, because of increased corrosion rates (higher operating temperatures
than single-effect machines), larger heat exchanger surface areas, and more complicated control
systems.

CONCLUSION

Efficiencies of absorption chillers are described in terms of coefficient of performance (COP), which
is defined as the refrigeration effect, divided by the net heat input. Single-effect absorption chillers
have COPs of approximately 0.6-0.8 out of an ideal 1.0. Since the COPs are less than one, the single-
effect chillers are normally used in applications that recover waste heat such as waste steam from
power plants or boilers. Double-effect absorption chillers have COPs of approximately 1.0 out of an
ideal 2.0. While not yet commercially available, prototype triple effect absorption chillers have
calculated COPs from 1.4 to 1.6. However, COP or system efficiency would not be main criteria for
proper selection. System selection procedure would mainly be performed according to available heat
source. Namely, it seems to be effective to prefer single-effect absorption cooling system in order to
use of solar energy. It should also be taken into consideration for how to assess the waste heat
simultaneously.
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Abstract: The importance of increasing energy efficiency, increase and advantages of it by introducing energy
management have been analysed in this paper. Companies use energy in various forms for their businesses,
including electricity, gas, oil and steam. Energy reserves are constantly depleting and as a result energy becomes
more and more expensive. Energy efficiency in industry is the right answer for growing financial pressure
caused by increase in price of energy, and the need for organisation to present in public and to clients as
environmentally responsible. The enhancement of energy efficiency relates to reduction of energy use for:
production, service (heating, lightning, mileage and other) or for some conducted activities. For this reason the
energy management is in the focus of all businesses worldwide. International standard ISO 50001 has the aim of
introducing the system of energy management within organisations. Through the framework of energy
management in organisations, as this standard recommends, organisations should set saving energy programmes
by which energy efficiency and more competitive positions on the market are achieved.

Key words: energy efficiency, energy management t, ISO 50001

INTRODUCTION

People use renewable energy for transport, cooking, heating, cooling, production, as well as
entertainment and other purposes every day. But the ways this energy is used and spent in many
manners influences our lives and environment. So it is crucially important, not only to save energy,
but also to be used in the most efficient way. Although energy losses can be only minimised and not
completely erased, they can be decreased in various manners, by using different techniques and also
by more careful and more optimum spending of a certain amount of energy needed for completion of
some process. If it is used inappropriately, when there is a difference between conducted and used
amount of energy, we have waste that leads to financial losses. Inefficient use of energy is a result of
bad projecting, inadequate work process characteristics, bad maintenance, idle time or equipment
work when not necessary.

Hiring experts for energy efficiency in contemporaty time became a necessity for companies in order
to save money, and also to contribute to the environment. Energy manager, according to the Law on
Efficient Energy Use, gathers and analyses data on the ways of energy use in the company, prepares
plans and programs, recommends measures that contribute to the efficient energy use and delivers an
annual report to The Ministry of Energetics.

Standard ISO 50001 sets the framework for managing energy in industrial plants, commercial,
institutionalised and state infrastructure, and in entire organizations. The system of energy
management is a system of organized energy management in a way that parties of the energy
management system conduct legally prescribed obligations with the aim of achieving rational energy
use with minimum costs. This international standard specifies demands for setting, applying,
maintaining and enhancing energy management system, the role of which is to enable an organization
to follow a systematic approach in achieving constant advancement of energy performance, inluding
energy efficiency, use and consumption of energy.

ENERGY AND ENERGY EFFICIENCY IN INDUSTRY

Energy represents the ability of some body to perform work. We live in the world of energy and
practically everything that suurounds us is based on energy use of some sort. Energy can appear in
several forms [10]:

o potential energy (the effect of the position the object is in in relation to other objects);
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kinetic energy ( the effect of object movement);

chemical energy ( the effect of chemical connections among object substance atoms);
electrical energy (the effect of electrified objects);

heating energy (the effect of object heat);

nuclear energy (the effect of instability of atomic cores);

electromagnetic energy (the energy of radiation, light, radio-waves or some other form).

When we talk about natural energy sources they are divided on:

e non-renewable energy sources — present resources once used and cannot be renewed. The
supplies of non-renewable sources of energy are less and less every day due to the
impossibility of their regeneration and greater consumption, and it is probable that the
humanity will remain without these resources in the next century.

» Fossile fuels (coal, oil, natural gas, oil shales),
» Nuclear fuels

o renewable sources of energy — present those sources of energy that have the ability of total or
partial regeneration. The reserves of renewable sources of energy are estimated to last several
millions of years. Here we have:

sun radiation energy,

wind energy,

water power (energy of rivers, sea current and waves, high and low tides and similar),
internal Earth heat (geothermal energy).

VVVY

As the natural forms of energy can very rarely be used without transformation (except the Sun heat,
thermal springs and geothermal that can be used directly, we have common cases where
transformation from one form into another has to be done several times in order to get the energy form
used by end customers, what is called useful form of energy. The useful forms of energy are: [8]

heat energy,

mechanical energy,

electricity and

solar energy.

Two dominant and closely related problems faced by the world today are, on one side, lack and
unsteadiness in energy supply and on the other pollution of the environment and climate changes as a
result of excessive energy use. One of the ways for negative impacts to lessen and to positively
influence the sustainable development is efficient energy use. Energetic efficiency presents the score
of measures and activities in all fields of life whose aim is minimum energy consumption, with the
condition of maintaining the same level of work and life, or even to be enhanced. It is not merely
saving the energy that presuposes denials, but efficient use that contributes to enhancing the quality of
work and living, and also to higher competitiveness on the market. [9]
The importance of energetic efficiency and rational energy management, at all levels, from local to
state ones, is seen in providing steady energy supplies, cutting energy consumption and energy costs
with achieving and maintaining the optimum quality of energy services and decreasing negative
environmental impact with securing sustainable development.
The energy efficiency in industry can be achieved by energy production with the use of renewable
sources of energy. For this reason solar panels on the roofs of industrial plants are proposed, the use of
heat pumps for providing cheaper heating, as well as wind generators. The industry is one of the
biggest energy consumers in our country, and achieving savings in the energy costs would lead to
profit increase, which is a very important, main, reason for reduction. In certain statistics we can come
across some data that with smart energy management in industry the consumption can be lowered
down for even 20 to 30%.
Some of the most energy intensive industrial branches are:

e chemical industry,

e iron and steel production,

e glass production,
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colored metal production,
food industry.

In these fields the application of energy efficiency can be beneficial in extremely short period of time.
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Figure 1. Distribution of energy consumption by industrial branch in the EU
(Source: ODYSSEE from Eurostat)

The problems that the industry in Serbia faces are: [6]

low physical volume of production compared to normal;

obsolete, used and energy intensive production and energetic technologies;

financial problems of keeping the production and regular production and energy plants
maintenance;

systems for measures and regulation are obsolete and out of function;

investment inability for renewing production and energy technologies;

managers and experts are lacking with information about ways and measures for energy
efficiency increase;

the system of use and management monitoring are scarce;

restructuring process;

specific and huge energy consumption.

Achieving a positive result in energy saving in the industry is possible only by integrating significant
factors, as well as with good expert knowledge in the field of saving industrial energy,
thermodynamics, production technologies, energy measures, work organization, automatics and
regulations, and also with energy costs/tariffs. In order to achieve energy saving it is necessary to
undertake the following steps:

make a record of existing state with necessary energy measures

analyse existing state by processing available data

calculate energy balances and numbers, find the point take makes losses and determine
options for energy savings

define the measures by which obvious energy losses are eliminated according to the priority
and significance,

define the enhancement of industrial processes with the aim of wiser energy use,

reconstruct bad installations or appliances and introduce new energy efficient technologies and
introduce energy management and energy manager to business
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THE ADVANTAGES OF INTRODUCING ENERGY MANAGEMENT

Enhancing the efficiency of energy use does not include just the application of modern and new
technical solutions, but also the need for quality energy management and trained staff to use the
equipment and energy in adequate ways. For this reason energy management is being introduced in
companies. Energy management is a system that is set in all the company structures with the aim of
continuous decreasing the energy spending and maintaining achieved enhancement of energy
efficiency. [7] It ensures that company continuously goes through the cycle of building the strategy,
planning and implementing the actions and checking the results on the basis of which the new strategy
is created. With adopting The Law on Efficient Energy Use in Serbia in 2013, the foundations for
setting the system of energy management were established. Application of this law is aimed at the
areas of industry, services, public sector, transport sector and households, and it is obligatory for local
governments in charge of population of over 20000 people and big energy consumers in industry,
commerce and service sectors. [4] The Law puts energy manager in charge of energy saving
pprogramme. It is a person authorized by share-holders and that has a license for practicing this job.
The tasks of energy manager are:

gathering and analyzing data on ways of energy use,

e preparing plans and programmes of energy efficiency,

e proposing measures that contribute to enhancement of energy efficiency and

e making and delivering an annual report to The Ministry of Energetics.

There are many reasons for introducing energy management in companies, and one of the most
important ones is the impact on the environment. Also, minimizing costs is another significant reason.
Introducing energy management provides:

e monitoring the energy use in the company and various production units,

e monitoring the energy use in real time (when in some sector the consumption of energy
drastically changes, the cause is immediately determined and the right steps can be
undertaken at that moment),

e preparation of systematized and structured energy system documentation of the company.

The system of energy management in a company has various positive effects like: [2]
o direct effects of energy management: lower energy costs, energy saving and profit increase
and
o indirect effects: better environmental situation, lowered costs for insurance and maintenance,
better working conditions etc.

The application of continuous energy management in a company leads to cutting the costs as Picture 2
shows.

CONTINUQUS COST REDUCTION WITH ENMS
CosTS

COMPANY DECISION ON
IMPLEMENTATION OF ENERGY INVESTMENTS ADDITIONAL INVESTMENTS
MANAGEMENT (0.6 Buying energy efficient machines) (0.9 Yechmical improvement of plasts)

Figure 2. The effects of continuous energy management
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Energy audit is the key for developing a programme for energy management. The aim of energy audit
is to determine where, when and how the energy is used. This information is subsequently used for
identifying possibilities of efficiency enhancement, deacreasing energy costs and lowering gas
emissions of greenhouse effect that impact the climate change. Energy audit can also be used for
testing the effects of energy management measures, after they have been introduced. Organisations
that do the audit get significant experience in how to manage the energy consumption and its costs.
Going through the audit process, employees start viewing the energy as a cost and they become more
aware of how their everyday actions influence the energy consumtion of the enire factory.

STANDARD ISO 50001

International standard organisation (ISO) has identified energy management as one of five most
significant areas that demands development and promotion of international standards. The new
standard should provide technical and managerial strategies for increasing energy efficiency, cutting
the costs and deacreasing negative impact on the environment to organisations and companies. Based
on wider application through national economic sectors, the future standard can influence up to 60%
of energy demand on the planet. Although it is primarily aimed for industry, the standard is applicable
on any type of organisation that wants to manage energy and energy efficiency successfully. [5]

ISO 50001 is based on the management system model of continual improvement also used for other
well-known standards such as 1SO 9001 or ISO 14001. This makes it easier for organizations to
integrate energy management into their overall efforts to improve quality and environmental
management. 1SO 50001 specifies requirements applicable to energy use and consumption, including
measurement, documentation and reporting, design and procurement practices for equipment, systems,
processes and personnel that contribute to energy performance. It is applied to all the variables that
affect energy performance. This standard provides methodology for continual improvement in energy
performance without explicitly specifying any performance criteria that has to be satisfied with respect
to energy. This standard is based on Plan-Do-Check-Act (PDCA) continual improvement framework
in the context of energy management. [3]

Chacking ang
® Corroctive Action ™

Internal M Monitor and
Audit Measure

Figure 3. Energy Management System Model for ISO 50001

ISO 50001:2018 provides a framework of requirements for organizations to: [1]
Develop a policy for more efficient use of energy,

Fix targets and objectives to meet the policy,

Use data to better understand and make decisions about energy use,
Measure the results,

Review how well the policy works, and

Continually improve energy management.
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ISO 50001 is based on the model of management system that organisations worldwide already
understand and apply. It can make a positive difference for organisations of all types in very near
future, while at the same time it supports long term efforts for enhancing energy technologies.

CONCLUSION

Non-renewable resources of energy make the biggest portion of energy in the world today. The
supplies of non-renewable resources of energy are depleting due to continuous increase in
consumption and their inability to renew. The main disadvantage of non-renewable energy resources is
that by burning the fossile fuels (coal, oil, gas) into the atmosphere, great emissions of carbon dioxide
are released (CO2). This is also the main problem with the use of fossile fuels viewed
environmentally. The need to gradually make a transfer from non-renewable to renewable resources of
energy with current technical and technological level is imperative for every and each community.
Communities that will change the fastes in the direction of rational energy consumtion will be the
leaders of development and also the richest and most desirable on planetary level.

The energy management system is compatible with the environment, and this means that with the
efficient actions in production, transformation and energy consumption it decreases environment
pollution. The aims of the energy management system and environment impacts are decreasing the
pollution and operational costs. Imperative certainly has to be informing and training the people
because their behaviour is crucial for energy impact and the environment.

The reason for introducing energy management in industry certainly should not present just formal
application of legal directives, but also to enable rational use of energy resources, to continually
conduct and monitor the measures of enhancing the energy efficiency and in the end to accomplish
significant financial savings, to secure the profit.
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Abstract: IT infrastructure maintenance is the key to ensuring business continuity. The IT industry follows
certain standard IT infrastructure maintenance principles with a few variances, and the same standards are
relevant in the context of various organizations. These practice can be customized based on the unique context of
individual organizations. IT infrastructure maintenance can be divided into four broad areas: server, desktop,
backup and security. Today's business conditions almost always require some maintenance method to prevent
malfunction with dangerous consequences.
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INTRODUCTION

Maintenance is generally defined as the implementation of the measures needed to make the technical
systems work, or to carry out their tasks with sufficient security. The computerization of the
operations of modern organizations has led to great dependence on the whole system of computer
support. This support can be viewed separately, such as hardware, software, communications, security,
licensing, but all these aspects are so interconnected that they can’t be viewed isolated but just as part
of the whole. In addition to interconnection, these systems are intertwined with other aspects of
business, so a complex and comprehensive set of information is needed to select a strategy to maintain
that system.

Approach to the maintenance of computer systems most often depends on the size of the organization.
Computer maintenance is entrusted to one of the most professional employees in the area, third-party
services, or specialized IT companies, and only large systems can afford a special IT service.

SERVER MAINTENANCE

Servers are used for very important tasks and contain very important data. Maintaining a continuous
server operation and preservation data is an extremely important process. For special servers, which
work with value, personal data and other important data, this is extremely important not only for the
institutions and companies that work with these data but also for all those whose data is used -
individuals, firms, banks, municipalities, states,...
Server failure may cause the following:

1. Power failure

2. Hardware component failure (power unit, motherboard, HDD, and so on).

3. Operational system and application software malfunction

4. Human factor - user mistakes.
The server maintenance goal is to enable the server to have a year-round availability with annual
malfunction duration within tolerance (fault-tolerant). For the malfunction tolerance measure the
following parameters are used [1]:

e Mean Time To Failure (MTTF),

e Mean Time To Recover (MTTR).
The goal of each system is to make MTTF zero using various methods of redundancy.

Securing the server from a power failure
The biggest cause of a server failure is a power failure. The UPS is a great solution for shorter power

cuts since it is made up of batteries that can power the system for a certain period of time, which is
enough to eliminate a shorter failure and properly shut down the server via the operating system. From
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a long power failure we can be protected by the use of a power generator. The best solution for power
failure is a combination of these two systems, since the UPS has a quick response and maintains power
until the generator is switched on and takes over all the load.

Securing the server from a hardware failure

If the hardware component is broken, it must be replaced with a new one. However, as the server
needs to work without interruption, that hardware component must be present on the server and ready
to work immediately. To eliminate or shorten server downtime, the hardware components should be:

e hot-spare - spare on the server. They turn on automatically in case of failure,

e hot-swap - replaceable without having to restart the server.

Also one of the solutions is to have a whole redundant matching server that would immediately
replace the defective. This solution is called Cluster Server and can consist of two or more servers.
The Windows server supports two types of Clusters:

e Network Load Balancing: a simple fault-tolerant application server. This service allows TCP /
IP applications to extend to 32 disks. If one server fails, the load and connections on that
server are automatically deployed to the remaining servers without a specially assigned
hardware.

o Failover Cluster uses a shared resource (disk area) between node clusters, which must have
identical hardware and capabilities. This configuration gives little downtime and is designed
for mission-critical applications and services.

The common cause of a server failure is a HDD (Hard Disk Drive) failure. The solution to this
problem is the Redundant Array of Independent Disks (RAIDs) that consists of a set of 2 or more
HDDs that are connected so that it can safely continue to work if one of the disks is broken. We
differentiate hardware and software RAID fields. Hardware RAID is implemented using RAID
Controller and is considerably more expensive, faster and better than software RAID.

Table 1. Types of RAID Fields
Number of Fault

Type disks Speed tolerance Description
0 N Largest | None It s not fault-tolerant. The highest reading and
writing speed.
Mirror. Faster reading then a single disc but
1 2N Good Better slower writing. A disk failure does not cause

data loss.

The parity is on the byte level. Data is written
to multiple drives at the level of bytes, while
parity data is being written on a particular
3 N+1 Better Good drive. Reading is faster but writing is much
slower than a single disc. The failure of a disc
does not cause data loss, but it significantly
slows down the operation.

Parity at block level. Parity data is distributed
to all disks.

Parity at block level. Parity data is distributed
to all disks. Reading is much faster but writing
5 N+1 Good Better much slower than a single disc. The failure of
a disc does not cause data loss, but it
significantly slows down the operation.

4 N+1 Better Good
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Table 1. Types of RAID Fields (continued)
Tvoe Number of Speed Fault
yp disks P tolerance

Description

Shared mirror discs (0+1) or mirror shared
disks (10). Data is shared over multiple disks
in the mirror or multiple disks are configured
in the mirror. The failure of any disc does not
cause data loss or slow down the operation.
The failure of second disc may cause data loss.
Reading and writing is faster than on a single
disc.

10 2N Largest | Better

Securing the server from operating system malfunction

Operating system failures can be caused by viruses or other malware. A simple way of keeping the
current configuration is the System Restore feature, which automatically or manually create a snapshot
of a system files which can be recovered by using certain procedures. System Restore performs the
following tasks [2]:

o Restore the server to the previous state,

o Restore server without loss of personal files,

o Keeps the restore points over the last 1-3 weeks,

o Determines the dates assigned to return points,

e Ensures that all restores are reversible,

o Allows creation of multiple restore points: checkpoints the initial system.

Other ways of securing servers from downtime

Virtualization as an additional advantage also brings a simple and fast process of creating duplicates of
virtual machines on other servers and media. The two most common virtualization environments are
VMware and Hyper-V. Both virtualization environments have multiple ways to copy VMs: VM
cloning, snapshot VM, moving VM. The following types of VM clones are: Linked Clone - a copy
that shares virtual drives (VHDD) with the VM from which a clone was made; Full Clone - a separate,
complete copy of VM that does not share anything with the VM from which a clone was made. The
Snapshot VM copies the contents of the VM memory, the VM parameters, and the status of all
VHDDs. AutoProtect can be deployed to take snapshots at certain time intervals. You can choose to
take snapshots certain VHDDs. Snapshot can be taken while the VM is turned on, off or suspended.
VM can be moved to another host with the same or different operating system. vSphere, as a server
virtualization platform, provides additional capabilities for maintaining VM work. Migrating VM from
one host or datastore to another can be done in several ways. The simplest way is Cold Migration that
allows you to move VMs to another host or datastore when the VM is off, so only VM files are
transmitted [3]. Something more complex is migration in a suspended state in which we have to take a
care of the compatibility of old and new hosts (Suspended Migration). Resolving the deadlock server
with virtualization method is much faster, cheaper and easier than restoring the hardware equipment
and the necessary software in working condition.

COMPUTER MAINTENANCE

On maintenance of electronic components of computer systems should be taken into account from the
earliest stages of computerization of business, because the initial savings later may prove to be a great
burden, both financial as well as operational. For example, investments in UPS (uninterruptible power
supply) is symbolic, and significantly reduces the chance of occurrence of a hardware failure. Basic
diagnostics of computer systems can often be done by the users themselves, as hardware repairs are
reduced to the replacement of components. It is not difficult to determine whether the cause of the
failure, e.g. a faulty monitor, keyboard, or the fan on the processor. It is sometimes harder to
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determine if it is a software (defective driver) or hardware failure, rather than a component that is
defective.

SOFTWARE MAINTENANCE

The only reliable way to ensure the security of digitally stored information is to make backup copies
of data. The obligation to make backup copies can be introduced through a quality management
system. To create a backup we can use portable media (USB flash drive, CD-RW, DVD-RW), and
free or commercial services for storing data on the Internet (Dropbox, Google Drive, Microsoft Live,
etc.). On servers, it is common to use RAID technology that ensures data backup redundancy for
automated backup copies. It is also used backup to magnetic tapes that are stored by one of the storage
systems (Data Protector Manager, Symantec Backup Exec, etc.). Lately RAID is used even on desktop
computers, whether it is implemented through hardware (disk controller) or software (operating
system). The main problem when using the application software is the transition to the new version
when it occurs. Sometimes the new version is so different that it requires special training for users to
learn a new user interface. Another problem is file formats, because they may not use all the latest
version of the application, so it may happen that a document created with a new version can’t be
opened by users who still use the old version. As operating systems are exposed daily to malicious
software attacks, it is important to ensure that patches are installed regularly.

BACKUP OF DATA

Protecting data by backing up data is a critical element of every ICT system. Permanent loss of even
small amounts of data can be fatal for business. Data loss may occur during physical failure or damage
to the hard disk or the media to which data is being recorded (disc brake, heavy strike, thunder stroke,
power or current problems). Frequent cause of data loss is the insufficient level of security within the
existing IT system, which is primarily concerned with the attacks of malware (viruses, malware,

spyware).
Defining a backup policy

Backup Policy is a set of rules within a company or organization that defines storage-related activities.
Before creating a backup policy, it is necessary to consider some very important facts:
e Frequency of backups - daily, weekly, monthly?
e Recovery point - Depends on the speed of data change and their importance. Can we allow
data loss for the previous 7 days?
e Backup type - it is possible to set different types of backups (incremental-data storage that has
been changed or newly-created compared to the last backup, full backup ...)
e Backup devices — tapes, NAS devices or backup devices?
e Backup to another location - this backup type is the safest one. The question is how often do
we want it and where to make a backup?
e Online backup - do we need backup data in the cloud?
e Security - Do we want to make encryption when storing data?
e What do you want to store - documents, emails, databases?
How the backup system will look depends on [4]:
e Acceptable loss of data / transactions (RPO — Recovery Point Objective),
e Acceptable time without data / production (RTO — Recovery Time Objective).
Server virtualization has brought new and advanced options of the backup and recovery for virtualized
environments but there are also specialized backup and restore solutions that use all the benefits of a
virtualized environment to ensure business continuity.
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Types of backups

Local data backup involves automatically storing data on another disk from a computer that contains
the data that you want to store / save. This is the least secure way of making a backup of data. External
backup data is most commonly used for daily / weekly / monthly data storage on an external (portable)
disk. Cloud backup or storing data in the cloud is among the safest available means of data storage.
Backup device is one of the most important factors when creating a backup policy. One of the storage
device is a tape backup that is still, although now not as popular as it once was, a good choice for
those who quite often do the entire backup. Portable Hard Drive is the simplest form of backup
devices that are commonly used in small offices and companies with a small number of computers.
NAS (Network-Attached Storage) devices are perhaps the best solution for medium and small
businesses. NAS devices come in multiple variants, ranging from a 1TB available wireless hard disk
to up to more terabytes of RAID devices designed for deployment within the company.

SECURITY

Nowadays, private and state organizations have large amounts of confidential information that needs
to be adequately protected in order to preserve their confidentiality. Information is considered a
resource today and the loss of confidentiality of some information has detrimental effect on the
organization itself. Security policy is manifested as a set of rules, guidelines and procedures that
define how the information system should be secure and how to protect its technological and
information values. It tells users what they can do, what they can’t do, what they have to do, and what
their responsibility is (it imposes sanctions if the user fails to comply with security policy rules).
Based on the defined rules, its task is to provide three unique properties of information:
Confidentiality is the protection of data contained in the system from unauthorized access.
Identification is the user login process to the system, where the system knows that such a user exists.
There are several authentication methods. The most widespread method is to enter a password, but
there is growing technology and equipment that transforms unique human traits, such as fingerprints
or eye retina into digital signals. Confidentiality can be affected in several ways. These are the most
common threats to confidentiality [5]: Hackers are people who exploit security vulnerabilities of the
system in a way that unauthorized use system or dismantle it. Many hackers, except for security
weaknesses of the system, using the method of discovering passwords of authorized users. Phishing is
a threat in which a user via a password of another user gets the ability to access the system under a
different name, and thus "opens the door" for performing malicious actions. Unauthorized activity
occurs when an authorized user of the system uses the data for which he has no authority. Inadequate
access control and data protection allow unauthorized access. Copying data may compromise
confidentiality if the data is copied to a system with insufficient security protection. Local networks
poses a threat because the data that travels over the network can be retrieved at any node. To avoid this
type of threat, all secret data that should only be available in certain nodes must be encrypted. A
Trojan horse is an application that is installed on a computer system after it is automatically launched
by an authorized user and is programmed to copy data to unprotected system parts. Once launched,
Trojan horse remains active on the system and constantly performs scheduled tasks.

Integrity [6] is the protection of data from deliberate or accidental unauthorized alteration. Key
elements for achieving data integrity are identification and authentication of users. Since integrity is
dependent on access control, it is important to positively and uniquely determine the identity of all
users registered in the system. Basic principles for integrity control:

Granting access based on need. Users should get access only to the data they need to be able to
fulfill their tasks. User access to critical data should be further limited by quality-defined transactions
that ensure that user data can be changed in strictly controlled conditions in order to preserve data
integrity. Separation of duties. To ensure that no individual has control of the transaction from start
to finish, two or more people should be responsible for performing it. This prevents transactions from
being used to perform their own interests, unless all responsible persons agree. Rotation of duties.
Work obligations of individual employees should be periodically modified to control transactions for
personal use was even more complicated.
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Availability is a guarantee to authorized system users that their system will be available at any time
they need it. The two most common causes of system unavailability are: Denial of service (DoS) is a
malicious attack which aims denying legitimate users the ability to access (Internet) services (eg. Web
server). The denial of service can be divided into two categories: attacks that exploit known bugs
(glitches) in operating systems and servers. These attacks are used to "collapse" the program. Thus, the
services provided by these programs are denied. The denial of service attack by flood package is
attack that exploit the weaknesses of the infrastructure of the Internet and its protocols. Flood
seemingly normal package exploit the resources of the program (the server). In this way, the services
are denied to legitimate users.

Risk Analysis is a process aimed at identifying system vulnerabilities, detecting potential threats and
adequately quantifying possible consequences in order to be able to choose the most effective method
of protection or to estimate the justification for introducing additional countermeasures. There are two
basic approaches to risk analysis: Quantitative analysis implies risk reporting at expected annual
financial costs, while the result of the qualitative analysis shows only the relative value of damage
caused by the action of some threat and the introduction of countermeasures. It should be borne in
mind that this assessment is of a subjective nature and is therefore subject to errors. In principle, a
combination of quantitative and qualitative analysis is an approach suitable for most companies.
Although it is considered that security threats usually come from outside research shows that the
highest percentage of security problems is caused by human error. They most often occur due to lack
of attention and education of employees. The second major cause of system faults is equipment
malfunction, followed by employees who use their position in the institution for their own benefit and
employees who express their dissatisfaction with the company or the superior person in this way.

Equipment
failure Human
20% error
- 55%
Dishonest
employees »
10%
Dissatisfied Outside
employees Viruses attacks
9% 4% 2%

Figure 1. Security problems in large companies

Measures such as educating employees reduce the likelihood of their error which could jeopardize the
integrity and security of the system. Placement of equipment on which data is stored in a separate
room, regulations governing who can access it, controlling the conditions in such space, such as
temperature and humidity, we achieve a longer service life of the equipment and thus the reliability of
the system. The rarest, but attacks that usually cause the greatest damage are attacks from "outside".
They participate in a very small percentage, with the aim of obtaining information, altering them or
destroying them. The system defends itself from such attacks by controlling traffic from the Internet to
the system and vice versa, preventing the installation of programs in the operating system or
encrypting the data. In order to achieve maximum system security, it is necessary to pay attention to:
Physical security. The basic feature of physical security is the protection of the physical part of the IT
infrastructure, the building where it is located, the data storage media and communication equipment.
Physical security measures include all the defensive measures taken to protect the computing
infrastructure from natural disasters, environmental problems, accidents and intentional damage.
Safety measures for personnel. The biggest threats to information systems are the people who are
connected with it, through day-to-day work or through periodic maintenance. Some people are not
qualified enough for a particular job and it may happen that such a person accidentally destroys the
information and endangers the information system. Endangering the system is also possible by
deliberate actions of the system user, either for pleasure, for personal gain or for any other reason.
Safety communication. Network communication can be made with more secure access control,
encryption of data that travels through the network, security walls, and other physical protection
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measures. Access control is an important factor in achieving computer security in the network
environment. In order for access control to have its meaning, users must abide by the basic rules when
keeping their password:

o Never store the password near the computer or terminal,

e The password must not be a user's name or an easy-hit idea,

e The password must not be saved in the file on the computer.
In addition to these rules, it is possible to define additional rules that control the system [7]: Passwords
generated from the system; Minimum password length; Password lifespan; Limited number of
attempts; Last Access Message; Encrypted and hidden passwords records; Password lock; Smart
cards; Additional passwords; One-time passwords; Time-dependent passwords.

CONCLUSION

Maintenance of the IT infrastructure, in order to achieve high-availability systems, requires proper
planning, design and installation of all system components. Without a well-designed system and all its
associated components, it is not possible to maintain data integrity and high availability of the system.
Building an efficient logical structure with proper security and access control is the first step towards
maintaining data integrity. Here the biggest role play safety, not only to prevent unauthorized access
but can also prevent or limit the accidental deletion of files and spread viruses and malware across the
network. Also power problems can destroy all of our data. Unfortunately, preventing problems with
the power supply is not as simple as installing the bias protector on each computer, but requires
significant investments. As LAN grows in size and capacity, data backup issues become much more
complex. Each complex technical system should be specifically analyzed to determine the optimal
way of maintenance. The choice of maintenance strategy stems from the business strategy of the
company. Today's business conditions almost always require some method of maintenance in order to
timely prevent failures with dangerous consequences.
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Abstract: Selection of right sets of projects is considerably critical for organizations to successfully achieve
their competitive advantages and corporate strategies. Due to limited resources and dynamic changes in business
environment, this kind of selection is quite challenging for project based organizations. Beside one hundred
selection tools and techniques, academics and practitioners have studied and recommended complex selection
frameworks to facilitate the selection of right projects. This study is intended to better understand the academic
and practical literature about project portfolio selection; study current practices of project selection that project
based organizations in Iran are using; and propose a framework that is beneficially adaptable to these project
based organizations. A case study strategy accessing qualitative data through observations and semi structure
interviews is designed to investigate how project based organizations select their project portfolio under the
current contexts of economy in Iran to ensure successful realization of their growth and development strategy.
The recommendations resulted from literature review and investigations do not only support the investigated
project based organizations to improve the quantity and quality of their investment project portfolio(s) but also
facilitate possible adaptation to project portfolio selection by other corporations.

Key words: project selection, project portfolio selection, project based organization

INTRODUCTION

Recent studies show that many organizations have been trying to implement their corporate strategies
through projects [1]. Hence selecting right projects and right mix of projects for the portfolio is
considered as one of the most important tasks for the organizations to ensure the achievement of the
corporate strategy within limited resources and capabilities of the organizations. Many discussions in
the literature reveal that the right sets of projects for implementation of corporate strategies are
importantly resulted from successful selection of project portfolio [2]. Our initial research and
observation show that private project based organizations (PBO) in Iran also face this challenge of
lacking a project selection framework or process. They do not have many experiences in selection of
project portfolio as well as in application of selection tools and techniques [3]. Yet, these private
corporations have to deal with the challenges of selecting the right projects in terms of time, cost,
scope and quality to realize their strategy of growth and development. Therefore, our studying current
practices of project selection in private PBO in Iran and proposing an adapted framework for project
portfolio selection based on theoretical and practical review of literature will provide significant
contribution to improvement of the quantity and quality of project portfolio selection in PBO in Iran
which entails more widely application of project portfolio selection in the industry of project
management and project portfolio management.

MATERIAL AND METHODS
Project Portfolio Management

Project Portfolio Management (PPM) is the centralized management of the processes, methods, and
technologies used by project managers and project management offices (PMOs) to analyze and
collectively manage current or proposed projects based on numerous key characteristics. The
objectives of PPM are to determine the optimal resource mix for delivery and to schedule activities
to best achieve an organization’s operational and financial goals, while honoring constraints imposed
by customers, strategic objectives, or external real-world factors. The International standard defines
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the framework of the Project Portfolio Management [4]. Project portfolio management is project
portfolio selection as it is understood as a dynamic decision-making process to evaluate, select and
prioritize a project or a set of projects for implementation through allocation of constrained resources
and alignment with corporate strategies. Companies use various project evaluation techniques to
determine the feasibility and profitability of a project. The investor or decision maker needs tools to
predict the profitability of proposed projects. A lot of methods and techniques are available for helping
the investor to make wise economic decisions. These methods and techniques can be used to
independent projects for determining whether or not to invest in each one [5]. Decision makers also
use both quantitative and qualitative evaluation methods when considering new projects or
investments. While qualitative methods vary depending upon an individual decision makers’
viewpoint, quantitative methods have a more common basis. Methods of financial analysis that were
frequently used include the Net Present Value (NPV), Rate of return, (ROR), Payback period (PP) and
Benefit-cost analysis (B/C) [6].

Previously, it was tried to studying the project selection problem. Chen and Askin [7] proposed a
mixed-integer programming (MIP) model with an NPV maximization objective function and used an
implicit enumeration procedure to solve the problem. Liu and Wang [8] developed an optimization
model for the project selection problem based on the Constraint Programing (CP) method using time-
dependent resource constraints. Huang and Zhao [9] studied this problem in the absence of historical
data for the problem parameters. They also developed a Genetic Algorithm (GA) to solve the
suggested model. The Multi Criteria Decision Making (MCDM) prepares an effective frame for
comparison based on the assessment of multiple conflict criteria and it is called one of the fastest
growing areas of operational research. It has been shown as the most popular branch of decision
making [10, 11]. In the literature review, there are some methods in MCDM approach that are
available with different ways to categorize them. The MCDM prepares an operational structure for
comparison on the basis of the evaluation of multiple criteria. MCDM has been one of the most well-
known areas of operational research, as it is often recognized that many solid problems can be
represented by several criteria. MCDM was also described as the most important branch of decision
making [11]. The personal viewpoints and tastes have always involved and involve decision making
processes leading to the respective selection and loss of incorrect alternatives and property. In order to
deal with problems, it is important to consider criteria which can affect beyond alternative outcomes,
choosing a decision making process [12].

Project Portfolio Selection Methods

Selection tools and techniques are used to facilitate evaluating qualitative and quantitative indicators
of an individual project or a set of projects, whose results are consulted by the selection team for their
decision making on project portfolio selection. Selection tools and techniques are grouped into
methods or approaches such as financial methods (e.g. Net Present Value - NPV, Internal Rate of
Return — IRR), strategic approaches (e.g. strategic buckets) or they are integrated into models which
are often categorized into 2 main types: numeric and nonnumeric such as scoring models (e.g.
weighted factor scoring model) or checklists (e.g. Yes / No questions) [13]. There exist many
discussions on methods and models for project portfolio selection in the literature. For instance, Taylor
[13] discussed good models which, whether nonnumeric or numeric, should have six basic
characteristics as follows: realism, capability, flexibility, ease of use, cost-effectiveness, ease of
computerization. The first five characteristics were suggested by Souder [14] and the sixth one was
added by Meredith & Mantel-Jr [15]. Besides, in the discussion on choosing a project selection model,
Meredith & Mantel-Jr [15] provided three explanations for their preference for weighted scoring
models: first, the models enable selection teams to make key decisions on supporting or rejecting the
projects based on the organizations’ multiple objectives; second, they are easily adapted to changes in
either management philosophy or environment; and third, they do not suffer from bias towards the
short run, inherent in profitability models. Furthermore, Archer & Ghasemzadeh [16] did the extensive
review on project portfolio selection tools and techniques [17]. They presented the advantages and
disadvantages of each group of selection tools and techniques. For instance, the advantages of
comparative approach include ease of understanding, ease of use, and allowing integration of
quantitative and qualitative analysis; and their disadvantages are no explicit consideration of risks,
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repetition of entire process when adding or deleting new projects, difficulty in use when involving a
large number of projects for comparison; and incapability to identify really good projects. In addition,
Graves and Ringuest [18] contributed considerable literature review on models and methods for
project selection inclusive of two main streams: traditional management science stream and financial
modeling stream. The authors presented the limitations and their suggested solutions of the models
and methods that are related to mathematical programming; decision theory; and finance.

The AHP model developed by Saaty [19] is used to support decision makers to rationally select the
best alternative based on the qualitative and quantitative approach. The goal, evaluation criteria and
sub-criteria are set in the hierarchical structure for order ranking, alternatives or options comparison in
pairs, and selection of the best alternative. The analytical hierarchy can be structured inclusive of
strategy, finance, and risk aspects of projects. However, too many criteria with different level of
importance may make the decision making process challenging and complicated [20]. Besides, as a
result of selecting the best alternative, the AHP can help reduce the risk. Illlustration example of
project selection and application of AHP can be found in the work by Archer & Ghasemzadeh [21];
Martino [20].

RESULTS AND DISCUSSION
Case Study

There is a Telecommunication Company in each province of IRAN. They are all controlled by the
Telecommunication Ministry. There is also a Telecommunication Office located in each city
controlled by the main Telecommunication Company in its own province. The Telecommunication
office of Bojnord, Iran, was started with 30 electromagnetic lines in 1935 and it was enlarged to 810
electromagnetic lines in 1975. In 2003, after increasing the demand for lines, the third telephone center
with 10,000 lines was installed so the capacity reached around 35,000 lines. There were 26 contractors
in North Khorasan Telecommunication Company. In fact, these selected construction contractors had
recently taken at least one project so the data for this study was collected from those projects. The
Data Collection Process was conducted by the researchers in a period of around six months under the
supervision of the North Khorasan Telecommunication Company.

The main criteria for prioritization and selection are financial indicators, such as NPV, IRR and
investment payback period. In addition, it is also important that the investment project is within its
selected fields or sectors. This indicates that the project should be financially feasible and in alignment
with strategy. It is very frequent that the corporation selected more investment projects than its
resources and available capital. Within this large portfolio, the top management can decide the active
investment project portfolio within a year or period of time. These active projects will be implemented
as initial plan. The remaining projects will have delays or get little investment in order to keep the
projects within the corporation. This means the projects are not implemented according to the plan and
may be speeded up later when financial sources are available and the market conditions are more
favorable for the projects. This is purposely done because investment projects are normally related to
land and it is difficult for private corporations to get land use permit in Iran. Therefore, they want to
keep all selected projects even they do not have enough resources to implement these projects at the
same time. They can use these projects as a mean to attract more capital from other investors who
wish to invest or through stock exchange market. It appears that there are two project portfolios in the
corporation: active portfolio and selected portfolio. In selecting projects for the portfolio, the
corporation also thinks about the interdependent effects between projects.

Selection Committee

The selection committee is usually constituted of the chairman and members of management board
and individual investors. It is clearly noticed that there is no participation of middle managers in
selection process. However, the chairman is the main agent. From the management point of view, we
can state that the chairman has absolute power in making decisions on project portfolio selection
within current organization structure and size. Investment opportunities require quick decisions on
human and financial resources as they come and go very fast in accordance with changes in
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investment conditions. The chairman can decide to postpone the implementation of projects, change
project objectives, scope and also sell the projects to third parties when necessary. In addition to the
chairman, members of management board in Telecommunication Company also participated in the
selection process.

Thus, combining discussions in literature review and findings in current practice of selecting projects,
we propose the following process or framework for project portfolio selection, which expectedly
ensure successful realization of these PBO strategy. This process or framework can also be easily and
practically adapted by other private corporations in Iran:

Step 1: Define and agree on corporate strategy and its priorities. This is especially important
for strategy alignment and ensures that all members of selection committees share the same common
understanding of the PBO’s direction and priorities which is lacking in these PBO’s corporations.

Step 2: Set up and approve quantitative (e.g. financial indicators) and qualitative (e.g. strategic
fit) criteria addressing corporate strategy priorities.

Step 3: Categorize projects into subsets (e.g. strategic projects served for long-term strategy or
tactic projects for short-term benefits)

Step 4: Evaluate and leverage resources for project portfolio including newly categorized
projects and ongoing projects (first within subsets and then between subsets) in respects of strategic
resources, internal capability and external capacity, existing and potential resources.

Step 5: Make decisions on selecting new qualified projects; terminating existing projects; and
nurturing potential projects.

CONCLUSION

Project portfolio selection evidently contributes to success of project portfolio management and more
importantly to achievement of PBO strategy. In order to ensure fruitful outcome resulted from
effective and efficient selection of project portfolio, organizations need to develop or adapt a
systematic approach to project portfolio selection. This systematic approach includes integration of
three important factors of selection committee, methods or models; and processes or frameworks. Our
research results show that complex processes or frameworks of project portfolio selection
recommended by academics and practitioners better and best serve mature organizations. Our
recommendations upon reviewing the literature and studying PBO case study are desirably beneficial
and practically adapted to other corporations of Iran. Moreover, the results of findings and discussion
have valuable and interesting contribution to approach of studying practices and best practices of
project portfolio selection and project portfolio management in PBOs in comparison with approaches
focusing in the literature.

During our research, we are aware of the facts that there is little academic and practical literature about
application of project portfolio selection in Iran context; investment projects take long time to realize
the corporations’ strategy of growth and development; and that our recommended systematic approach
to project portfolio selection has not yet practically applied by these corporations.

Further research is recommended to review successful implementation of corporations’ strategy
through the current selected project portfolio and new project portfolio using our recommended
systematic approach; to conduct a survey to collect and analyze quantitative data for better and more
reliable understanding related to practice and application of project portfolio selection by many other
PBO; and to adapt this approach to other types of projects and a larger population of other
corporations or different types of corporations in Iran and other countries with similar economic
conditions. Last but not least, it would be of interest to see more studies of project portfolio
management, especially project portfolio selection in other settings and other countries.
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Abstract: New tendencies in the development of information technologies keep pace with the development of
new business activities of enterprises, new production and information technologies that require continuous
adjustment of the entire management instruments of the company in the line of realization of the set goals. The
Republic of Srpska has partially established a legal framework, but it is not consistent with global business
trends in the same way as the developed countries of the world. The use of information technology in business
represents the reconfiguration of classic forms of business. In this paper, a study was conducted on the impact of
information technologies on the competitive advantage of companies in the market on a representative sample of
136 economic entities in the territory of Republic of Srpska. The main objective of this research is to attempt to
clarify the cause-and-effect relationship between the systemic management of the company's performance and
the economic success of the company on the market in the conditions of the global crisis.

Key words: manager, competitive advantage of the company, information technology, the market.

INTRODUCTION

In daily carrying out of various business activities and processes, it is necessary to rationalize activities
and processes that can significantly influence the competitive position of companies in the market
[23]. One of the prerequisites for ensuring the competitiveness of companies on the market is
managing your own performance [22].

Information technology plays a very important role in the development of innovations in the
enterprise, both large corporations and micro, small and medium enterprises, and thus facilitate the
growth and development of organizations of this century. The modern way of life demands from
managers who manage business organizations, daily improvement and the introduction of newspapers
into the management process. Nowadays one of the key elements for this is the application of
information technology.

Everyday life is associated with the consumption of a large number of different products and the use
of various types of services. Every person is aware of his needs for products and services, as well as
the way of obtaining them. When we are aware of our needs with certain forms of value in exchange,
the most common money, we buy what we want and what we need, and as such we become a qualified
market participant in the capacity of a buyer. However, the market is made by those who offer
products and services, and meet the requirements so that they can act on the market as vendors. Sellers
must own a product and determine its value (price). From the foregoing facts, it is evident that there
are rules of conduct on the market both for buyers and sellers who must both respect each other [13].
There are numerous definitions of the market in the optics, which in a small or a large extent try to
show the essence of what makes the market. The market is an institutionally and technically shaped
customer and seller contact point, which offers or searches for a certain type of goods from an
indefinite partner in a specially equipped space for a certain period of time, for the purpose of
exchanging money at a price that tends to equalize [13].

In order to raise the level of competitiveness and quality of business in accordance with world
standards and standards, in an effort to make operation even more efficient, more operational and
more successful, companies resort to daily use of information technologies [13].

Companies most often know who their competitors are, but there is a danger that unidentified
competitors may, for various reasons, also be real competitors to the enterprise [13].
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Entrepreneurial behavior is a way of thinking, committed to a creative and innovative approach to
business, which increasingly takes on a form of corporate entrepreneurship. The ultimate purpose of
the business is to achieve business success that is measured by the market position [8].

The basic reason for managing a company is the adoption of a number of business decisions that
combine resources in the function of achieving business goals of the company, as well as achieving a
stable position on the market. Managing the enterprise in modern economic conditions is oriented
towards the future, as it incorporates all the elements that are a prerequisite for growth and
development [8].

COMPETITIVE ADVANTAGE OF ENTERPRISE

The company can survive on the market only if it permanently meets the requirements of the
penetrating market, and this can be achieved only through the continuous improvement of all business
activities [7].

Today, many world companies face a trend of slow growth and boosted domestic as well as global
competition [27].

Competitive advantage is the function of more efficient rendering of similar value to customers from
competitors (low cost) or performing activities with similar cost but in unique ways that create more
value for the buyer than competitors, and therefore can determine the highest price [12].

The competitive advantage in international frameworks is based on: innovations and product changes,
inclusion of the internal value system, continuous improvement of operations, resource upgrading and
global approach to the strategy [19].

Competitive advantage [16] it defines several factors: production conditions, human resources,
knowledge resources, capital resources and infrastructure resources. Countries that have the most
dynamic process of interaction of all these factors achieve success in the competitive advantage [17].
Companies that have a long-term competitive advantage usually generate high profit in business,
compared to the average profits of other companies. Reasonable and rational management reinvests
part of profit in strengthening the source of competitive advantage [27].

Modern trends have led to major shifts in understanding and achieving the competitive advantage of
the company as the main bearers of international business activities.

STRATEGY OF MANAGEMENT AS COMPETITIVE ADVANTAGE IN THE BUSINESS OF
THE ENTERPRISE

The survival and prosperity of the company on the market in the conditions of modern economy as an
imperative is competitiveness. The competitive advantage is the decisive factor in the strategic action
of the company, and its ownership is the basis for distinguishing successful from the unsuccessful
company. Each strategy is based on building and maintaining competitive advantage.

The survival of the company on the market implies a successful competition with competition, which
requires company managers to realistically assess the situation in the environment, the potential
opportunities of the company, the real possibilities of competition with the reduction of the market and
the positive business results. Today's modern information technologies have a strategic importance for
the functioning of the company. According to [28], the influence of information technology on the
company's business is based on the introduction of these into the development of products and
services, the introduction of electro-line business as well as the contribution of cost reduction.

A greater focus on information technology in the company can greatly improve its competitive edge in
the market. The introduction and application of information technologies can be successful only if the
development of the information system is in line with the business system development strategy [2].
The competitive advantage is not a permanent category, but it is sustainable. The main goal of each
company is to achieve, but also to maintain competitive advantage in the market, and it is achieved by
innovation on the product or service.

What is most important for company management is to correctly set up information technologies in
strategic planning and recognize their impact on the company's operations on the market in achieving
a competitive position. Performance measurement has become the main component in developing the
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company's strategy in the conditions of the global crisis, while maintaining the growth and high
position of the company on the market.

Fujun X. Z. Q. W. [10] notes that managers can expect results in terms of the competitive advantage of
investments invested in information technology when the application of information technologies in
their company is higher than the average application in competition [27].

Pregovaradia Sanparnifivie

e
konkurentima

Figure 1. Porter's competitive power model [6]

Porter's competitive power model is one of the most common and most practical tools used in defining
the business strategy of the company. According to him, the choice of strategy is based on a
competitive advantage and a range. He cites two types of achieving a competitive advantage: on the
basis of low costs or on the basis of differentiation.

THE ROLE OF INFORMATION TECHNOLOGIES IN THE PROCESS OF CREATING
COMPETITIVE ADVANTAGES IN GLOBAL FRAMEWORKS

Information technology affects the business of the company directly and indirectly. Direct impact
refers to the acceleration and improvement of production and business processes, which directly
reflects the financial indicators in the company. The indirect impact of information technologies on
business operations is realized through the influence of information technologies on various elements
of organizational behavior on all three levels: individual, group and organizational, and these elements
influence the financial performance of the organization.

In modern business, information becomes a strategic resource, so it is quite logical that the modern
economy rests on the creation of information, their possession and exchange.
According to Moshin et al. (2013) what is characteristic for this century, among other factors, by the
uncertainties in business where the market is increasingly globalized and highly competitive, is that
organizations make significant changes in their business strategies in order to align them with the
requirements of a new competitive environment.

Modern information technologies are gaining importance every day, and they also lead to changes in
the way the company operates and the competitive advantage of the company in the conditions of the
global crisis. The emergence of electronic business defines the role of individual companies in the
market, but it also offers certain advantages and benefits. The application of information technologies
influences more efficient business, more successful flow of information, control of costs and thus on
the competitive advantage of the company on the market. According to Vujovi¢ [28] of modern
information technology and information systems based on them, they have a strategic importance for
the functioning of the company.

The influence of modern information technologies on the competitive position of the company in the
market influences in the sense that it changes the structure of the activity and the nature of
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competition, creates a competitive advantage and launches completely new business processes and
operations within already existing ones [16].

The importance of information technology for business management is reflected in the use of
interactive forms of communication, the continuous increase in computer business process
management, the development of databases and complex decision support systems, the development
of networks for faster product provision, the use of computer-supported simulation processes in the
domain of development and virtual reality techniques in testing the performance of a new product [8].
New trends in the development of information technologies keep pace with the development of new
business activities of enterprises, new production and information technologies that require continuous
adjustment of the entire management instruments of the company in the line of realization of the set
goals.

According to data obtained from the Republic Statistical Office of Republika Srpska in 2014,
significant use of information technologies in enterprises is evident in order to achieve competitive
advantage on the market. However, in relation to other countries, it is also evident that Republika
Srpska is lagging behind in applying them.

Influence of information technologies on the competitive advantage of companies in Bosnia and
Herzegovina - empirical research

The conducted research on the impact of information technologies on the competitive advantage of the
company on the market was conducted on a representative sample of 136 economic entities in the
territory of the Republic of Srpska.

The relatively high return rate of correctly filled questionnaires (68% - 136 questionnaires) can be
explained by the fact that the questionnaire is sent to experienced managers and executives who are
familiar with the issues of this research. Survey questionnaires were sent to respondents mostly via e-
mail, post or in person. The survey process was conducted in the period from the beginning of
September to the end of December 2016.

The impact of information technology on companies in the Republic of Srpska, in the conditions of the
global crisis, has a number of other advantages reflected in the modernization of business activities
with a reduction in the number of employees, better financial performance of the company, more
rational use of resource capacities, as well as better distribution of materials and goods. In the
Republic of Serbia, 93% of respondents of business entities confirmed that they use modern
information technologies in their business. The questionnaire is addressed to executives and company
managers who are intensely using information technology in carrying out everyday tasks. Using the
modern methods of descriptive and quantitative statistics, the data submitted are processed.

The main goal of the conducted research is to obtain data for the purpose of defining the role of
information technologies on the competitive advantage of companies in the market in the conditions of
the global crisis. In addition to the stated goal of this research, other goals of the research related to the
impact of information technologies on the reduction of the needs for recruitment of accounting
officers, automation and faster recording of business events, improvement and development of
financial reporting, improvement and development of the accounting analysis, increase of productivity
of labor are defined. employees, business development in the near future and others. In the first part of
the questionnaire, general data on surveyed subjects were collected, such as name, activity, ownership
and number of employees within the company.

The distribution of surveyed subjects by activity they perform is shown in the following graph.
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Figure 2. Distribution of respondents by activity

Based on the obtained results of the surveyed subjects according to the activities they perform, it can
be concluded that the structure of the sample is satisfactory due to the level of deviation from the ideal
values and the conditions under which the survey was carried out. The research is focused on defining
the role of information technologies in the process of achieving and maintaining the competitive
advantage of companies in the market in the conditions of the global crisis. A particularly important
determinant of the surveyed subjects is the number of employees employed. The research is focused
and implemented within small and medium enterprises, public institutions, financial institutions and
associations, and the like. Considering the existing business environment, the number of employees
within the surveyed subjects is quite diverse, as shown in the following chart that presents the
distribution of surveyed subjects according to the number of employees.

DISTRIBUCIJA ANKETIRANIH SUBJEKATA
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Figure 3. Distribution of respondents by number of employees

Distribution of submitted questionnaires according to the number of employees shows that the
surveyed subjects that employ up to 200 workers dominate. Taking into account the difficult economic
situation in the immediate environment, the presented distribution is expected and quite real.
Considering the share of surveyed subjects according to the number of employees in the observed
population, it can be concluded that for the purposes of this survey, the sample is representative.

The research is focused on defining the role of information technologies in the process of generating a
large number of real-time information, their impact on improving the efficiency of business operations
on the market, as well as the impact of information technologies on the quality and speed of achieving
competitive advantages of the company in the market. Taking into account the professional
qualifications and experience in performing managerial tasks, it can be concluded that the results of
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this research are based on information from competent practitioners. In the next part of this paper, we
will present the individual results of empirical research related to the impact of information
technologies on the competitive advantage of the company in the conditions of the global crisis.
Modern technology with fast-paced step upgrades all business functions in a very complex economic
environment. In this regard, the standards of managerial work are becoming more and more complex
in the process of achieving a competitive position on the market. Taking into account the accelerated
development of information technologies, we will present the results related to the contribution of
information technologies to reducing the need for employing associates in enterprise management:
7.84% of respondents confirmed the outstanding contribution of information technologies to reducing
the need for hiring associates in enterprise management, 66.67 % of respondents confirmed the
significant contribution of information technology to reducing the need for employment of associates
in enterprise management, 25.49% of surveyed subjects confirmed the partial contribution of
information technologies to reducing the need for hiring associates in enterprise management, there
were no respondents who confirmed that information technology in general do not contribute to
reducing the need for hiring associates in company management. Based on previous data, the results of
this part of the survey have confirmed the significant contribution of information technology reduction
her need for hiring associates in company management, while responses that confirm exceptional and
partial contributions are much less present.

Based on the very rapid development of information technology, the results of the research related to
the contribution of information technologies to the reduction of employees in the management of the
company have confirmed a significant contribution to reducing the needs for work force, as much as
48.69% of respondents confirmed that the introduction of information technology indicates the need to
reduce the number of employees in the management of the company, 36.2% of respondents confirmed
that they contributed partially, 15.11% confirmed a remarkable contribution, while 5.4% of
respondents considered that information technologies had no impact on the reduction of employees in
management enterprises.

5,4%
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Figure 4. Influence of information technologies on reduction of
employees in management [6]

An empirical research on the impact of information technology on the competitive advantage of
companies in the market in the conditions of the global crisis has confirmed their significant influence
on maintaining a competitive position on the market. The conducted research is shown in Figure 5
where it is clearly seen that the majority of subjects surveyed, as much as 66%, agree that information
technologies greatly contribute to achieving and maintaining competitive position of the company on
the market.

M zuzetno doprinose  ® Znacajno doprinose
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11% ‘

Figure 5. Influence of information technologies on achieving
and maintaining competitive advantage of the company [6]
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Used information technologies in modern business operations and their application in each business
segment significantly improve the organization's economy. Intensive application of information
technologies for the purpose of obtaining up-to-date data and their analysis, and accelerated and
facilitated expansion of business into new markets, while reducing the distance among business
entities, therefore, the company requires greater flexibility and directly affects their competitiveness.
The competitiveness of these companies depends on the value of the technology used, and their market
sustainability depends on the speed and applicability of innovations in which the decisive role has a
human factor or knowledge.

The intensity of changes and qualitatively changed business conditions emphasize the special
importance of the communication system in order to facilitate the interaction and connection of all
elements of the system and the environment. Taking into account the above, it can be noticed that the
advancement and development of information technologies in the process of crushing competitive
advantage greatly contributes to increasing the profitability of business, ie strengthening the
competitive position of enterprises on the domestic and international market in the conditions of the
global crisis.

CONCLUSION

Everyday competitive conditions and market conditions require rapid and continuous change in
organizational behavior within the company in order to meet the needs of successful business
operations on the market, as well as maintaining a competitive position. From the conducted research,
it can be concluded that all activities of the state should be directed towards creating a more favorable
economic environment for business operations on the world market, while providing conditions for
enterprises for daily modernization of business with the application of information technologies.
Companies that use the use of information technologies for their strategy to achieve the competitive
advantage of the company, in relation to the traditional way of doing business, have increased volume
of work, higher profits, more are dedicated to customers, all of which results in increased
competitiveness on the market in the conditions of the global crisis.

In order to maintain its competitive advantage, the company must constantly outperform its business
rivals. Research has shown that more and more small and medium-sized enterprises recognize the
value of using new technologies, as well as an advantage they can acquire over competitors. The most
important thing is that managers in the company correctly position the information technologies and
recognize their influence on the business and structure of the company.

Based on the controversial research in this paper, it is evident that company managers in the Republic
of Srpska are aware of the role and importance of information technologies in improving their
business results in order to achieve a competitive position in the market, and at the same time they
consider that the introduction of information technologies in enterprises represents long-term
investments.

An important segment of the conducted research is the views of surveyed users of information systems
who believe that the application of information technologies is extremely important and necessary in
the everyday work of the company. Companies in the Republic of Srpska that have chosen the use of
information technology as the strategy for achieving their competitive advantage, in relation to the
traditional way of doing business, make more profits and turn more to customers and their needs.
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Abstract: In this paper is shown an example of the use of thermography in the measurement of temperature of
the sliding bearings. The temperature is very important by sliding bearings, so it is necessary to measure
frequently and the contactless gauges allow it in a very simple way. This paper shows that the measurement is
bit dependent on the manufacturer of the camera that measures the temperature, it is important that the camera is
intended for such measurements and that the basic parameters such as emissivity and measurement distance are
well adjusted. Different camera manufacturers enrich accessories, which certainly helps users to handle the
camera more easily, but from the aspect of temperature accuracy, cameras of the same characteristics give
approximately similar results.

Key words: thermography, temperature, sliding bearings

INTRODUCTION

The bearings are machine elements whose task is to enable the relative movement of the rotary parts
while simultaneously transmitting the load between them and securing their position [1]. The usage of
sliding bearings is very present in practice, because of very long lifetime. There are radial and axial
types, but in this paper the radial sliding bearing has been considered, only. Radial sliding bearing load
capacity is a force that radial bearing can transfer within his lifetime. According to previously
mentioned, operating temperature must not be overstepped under that force, there must not be higher
then allowed abrasion and cubical sliding couple material destruction [2].

The most important part of the sliding bearing is a sliding pair. In the radial bearing, the slip pair
consists of the shaft sleeve (1) and the bearing sleeve (2) (Figure 1). The basic dimensions of the radial
sliding bearing are the diameter of the sleeve d, the internal diameter of the split diameter D and the
length of bearing B.

2?47///4

R
2 <\

Figure 1. Schematic of radial sliding bearing

0

Frictional heating and the temperature rise in a sliding contact is a fascinating, and often passionately
debated, area of study [2,3,4]. To obtain a more quantifiable indication of temperature, direct contact
thermometers are often used; a safer method than using the back of your hand, but with some similar
safety concerns. Infrared thermometers are often used for hazardous and difficult to access
applications. However, infrared thermometers measure the average temperature of an area and, for
accurate measurements, the user often has to be close to the application. Thermography allows you to
visualise heat. The application’s infrared radiation is converted by a thermal camera to a visual image.
The different temperatures are indicated as different colors or shades of grey. Thermal cameras allow
temperature comparisons over a large area, allowing potentially troublesome hot spots to be found
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quickly. If cost of the thermal camera is offset against savings in reduced downtime and maintenance
costs, generally a short payback period is realized [5, 6].

In this paper is shown an example of the use of thermography in the measurement of temperature of
the sliding bearings using two different IR Camera.

MATERIAL AND METHODS

The measurement of sliding bearing operating temperature was performed on the testing table in
Laboratory of Applied Mechanics and Mechanical construction on Faculty of Mechanical Engineering
in East Sarajevo.
Basic characteristic of slider bearing used for this study (Figure 2) are:
» Mareial: The sliding bearing, made of CuSn legure,
» Dimensions: BxDxd=27,6x30,022x30 mm
» Lubricate: Multifunctional Lithium lubricant, made by ,,Optima Modri¢a“ (temperature range -
20°Cto120°C)
» Method of lubrication: The lubrication of the bearing was carried out manually, only once
before the test

Figure 2. Radial sliding bearing

The speed of the shaft on test table is regulated by the frequency regulator connected to the electric
motor. The shaft of the electric motor is connected via a claw coupling to the shaft on which the
known load is located. The shaft is supported in one place via the roller bearing type SKF IAR 203 /
12-2F, and on the other via the aforementioned sliding bearing for which the temperature is measured.
Sliding bearing is positioned at position 2 of the test table. Basic elements of the test table are shown
on Figure 3.

ELECTROMOTOR

ROLLER
BEARING

- SLIDING
FREQUENT BEARING
REGULATOR

SUPPORTING
y STRUCTURE

Figure 3. Test table with the basic elements

266



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

For the contactless measurement of the temperature of the slide bearing, two IR (Infrared) cameras,
one manufacturer of the FLIR (model E4), and the other SKF (model TKTI31) were used (Figure 4).
The basic characteristics of the FLIR camera are shown in Table 1 and of SKF camera in Table 2.

Figure 4. Thermal cameras: FIR (left) and SKF (right)

Table 1. The basic characteristics of the FLIR camera [7]

IR Resolution 80x60

MSX Resolution 320x240

Thermal Sensitivity/NETD <0,15°C

Display 3.0 in. 320 x 240 color LCD
Field of view (FOV) 45° x 34°

CR)apr?;tmg Temperature 90° to 250°C

Accuracy +2% or 2°C

Spotmeter and Area gﬁg?ﬁ;;}gon box with
Emissivity from0.1t0 1.0

Table 2. The basic characteristics of the SKF camera [8]
Thermal detector (FPA)

384 x 288 uncooled FPA
microbolometer

Theoretical spatial resolution

IEOV 3.46 mrad
e NETD <60 mK (0.06 °C) at
Thermal sensitivity 23 °C (73 °F)
Display 3.51n. color LCD
Field of view (FOV) 25 x19°
—20to +180 °C
Operating Temperature Standard mode
Range 100 to 600 °C
High temperature mode
Accuracy +2% ot 2°C

Up to 4 movable spots. Up
to 3 movable areas and 2
movable lines (maximum,
minimum and average
temperatures). Automatic
temperature difference. Hot
and cold spots. Visual and
audible alarms. Isotherms.
Emissivity from0.1t0 1.0

Measurement modes
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EXPERIMENTAL TESTING

For the purpose of simultaneous measurement of temperature on the slide bearing, the IR cameras are
positioned one against the other at a distance of 0.3 m from the sliding bearing. The operating
temperature of the sliding bearing is measured for an angular velocity of 25 Hz. The emissivity on
both IR cameras is set to a value of 0.8.

Starting the measuring from the sliding bearing room temperature, its operating temperature was
recorded on every 20 s, until the moment of maximal value. After that, the tasting table electromotor
was turned off and operating temperature was recorded during cooling of sliding bearing, also, on
every 20 s. The temperature was manually read, i.e. the operator read and recorded the temperature
from the camera screen (Figure 5), so it is necessary to take into account possible errors of reading the
operator.

Figure 5. IR camera screen during measurement

The test lasted a total of about 2 hours and 30 minutes, with the preparation of a test table, lubrication
of the bearings, adjustment and positioning of the cameras, and finally by measuring the temperature.
The measurement process lasted 6540 s, which is 1 hour and 49 minutes.

RESULTS AND DISCUSSION

During measurements of the temperature of the slide bearing on both cameras, IR images were made
to clearly indicate that the measurements were performed at the highest temperature location. After
400 seconds, the first images were made, showing that the temperature measured with the FLIR
camera was 27.7 ° C (Figure 6a) and the temperature measured by the SKF camera was 25 ° C (Figure
6b).

27.7°Cl  £0.80

a) B b)
Figure 6. IR sliding bearing image after 400 s operating: a) received by FLIR camera; b) received
by SKF camera

268



VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12™, 2018, Zrenjanin, Serbia

Using the same methodology was made the images after 1800 s (Figure 7), 3800 s (Figure 8) and 4800
s (Figure 9) operating. The selection of the moment of imaging is random, and the showen images
were not processed in image processing software.

29.7°C.  £0.80

. e=0,80 >
Figure 7. IR sliding bearing image after 1800 s operating: a) received by FLIR camera; b) received by
SKF camera

32.1°C.  £0.80

> e=0.80 ; .
Figure 8. IR sliding bearing image after 3800 s operating: a) received by FLIR camera; b) received by
SKF camera

a) - " b)
Figure 9. IR sliding bearing image after 4800 s operating: a) received by FLIR camera; b) received by
SKF camera
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Before analyzing the images themselves, it should be noted that the temperature range around the
sliding bearing is not from the temperature bearing than from the opposite IR camera, so it can be
ignored. Temperature recording is performed at points so that the influence of external elements on the
measurement is minimized.

Observing the images, it can be clearly concluded that the image obtained by the SKF camera with
higher resolution and better quality, the reason is reflected in the fact that the SKF camera has optical
adjustment and focus, i.e. is not a free type of focus, but a manual. A better resolution of the image
does not necessarily mean more precise measurement, because the images only serve to display the
measurement results.

The aim of this experiment was, on the one hand, to determine the possible difference in temperature
measurement using an IR camera from two different manufacturers of very similar characteristics, and
also the aim was to determine whether the sliding bearing is evenly heated on both sides. In order to
see more clearly the difference in the obtained temperatures, the temperatures obtained by measuring,
using MS Excel, show the temperature diagram shown in Figure 10.

The measurement started with a room temperature of a sliding bearing of 22.5 ° C, and both diagrams
(Figure 10) clearly show the warm-up time, the thermal stability, and then the cooling period of the
bearing. The bearing temperature thus obtained shows that the bearing is in good condition and is well
lubricated. It should be noted that the temperature is only one of the parameters for determining
bearing failure.

35
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Figure 10. Slide bearing operating temperature diagram obtained with FLIR and SKF IR cameras

With the diagram it can be noticed that the temperature obtained with the FLIR camera is about 3 ° C
higher than the temperature obtained with the SKF camera. If it is known that the accuracy of both
cameras is about 2 ° C then this difference is acceptable. It is interesting to note that the difference all
the time was constant with less falls, which also indicates possible uneven heating of the bearing. On
the other hand, if it is to analyze the reasons why there is a difference in temperature, then the
following reasons can be stated:

» Possible operator errors in the measurement;

» Due to manual lubrication, lithium fat did not evenly spread through the bearing;

» The cameras were fixed, but due to the large vibrations during operation, it is assumed that the

cameras were moving a little
» Advanced camera settings have not been checked, so differences in these settings are possible;
» Due to the influence of external elements.

CONCLUSION
The main advantage of using thermographic cameras is the quick and easy detection of errors, where a
long-term process of checking and correcting errors can be avoided. Errors can be detected before

equipment failure or other types of losses occur. This reduces maintenance costs, increases the lifetime
of equipment and productivity.
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This experiment shows an example of the use of thermography in measuring the temperature of the
sliding bearings. Temperature is very important in the case of a sliding bearings, it is often necessary
to measure it, and the contactless gauges make it very simple and precise. This paper shows that the
measurement is bit dependent on the manufacturer of the camera that measures the temperature, it is
important that the camera is intended for such measurements and that the basic parameters such as
emissivity and measurement distance are well adjusted. Different camera makers offer extra
accessories, which certainly helps users to handle the camera more easily, but from the aspect of
temperature accuracy, cameras of the same characteristics give approximately similar results. It is
recommended that contact heat meters are used to control contactless temperature gauges if more
accurate measurement is required.

The future research should be planned so that on the same side of the bearing, and again under the
same conditions, the same examination is performed in order to confirm in another way the previous
hypothesis. Also, for the purpose of a clearer identification of all influential parameters on
thermography, i.e. measurements using an IR camera, it is necessary to perform tests on several
different technical systems, and in order to verify these results, use contact heat meters.
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Abstract: Significant economic effects and reduction of exploitation costs through timely detection of possible
causes of failure of technical system components can be achieved through the application of methods and means
of technical diagnostics. In addition, diagnostics and defining causes can be achieved during the system's own
exploitation or in the context of standstill and overtime. Significant application of technical diagnostics is also in
the forecasting of short-term and long-term reliability of the technical system and its optimization, most often by
economic criterion.

This paper analyzes the current solutions of diagnostics of complex systems with multiple failures, as well as the
behavior of the diagnostic system on the case of bearing points of circuits suitable for overhaul.

Key words: maintenance, reliability, technical diagnostics, Markov process, bearing

INTRODUCTION

Measuring methods in determining the technical system, which are a set of special procedures in
which the relationships of some measured values are defined, can be absolute and relative, contact and
contactless, etc. The basic characteristic of the method of testing without material destruction is the
direct execution on the control objects, without taking a sample and destroying them. On the other
hand, testing materials by material destruction is the determination of material properties, through the
use of samples taken from the particular part. Modern testing techniques with materials destruction
enable testing of the following properties: strength properties, high temperature stability, plasticity,
fracture resistance, surface oxidation resistance, resistance to intercrystalline and voltage corrosion,
material weldability, relaxation, etc. [1, 2].

In this paper, a theoretical and mathematical tool for the control of complex technical systems are
presented. Also the principles for one criteria and multi-criteria optimization of diagnostics of complex
systems with multiple failures are given.

MATERIAL AND METHODS

The Markov method of random processes is based on stochastic processes whose future state depends
only on the current state. We call this property a memoryless property. Poisson's process has the same
property, so Poisson's process is a special kind of Markov process. Markov processes can have a
discrete or continuous set of states. In this paper, processes with discrete chain states are observed.
Regardless of whether they are continuous or discrete by parameter, chains change the state in discrete
points in the index set T (uncontinuously). By using these models, system circuits on machine systems
are later analyzed [3-5].

In general, Markov random process describes the behavior of a stochastic system, in which the
appearance of the next state of the system depends only on the direct pre-state of the system. That is, a

random process {ft} te(0,T) we call Markov, if for any moment of time n in the interval (0,T)

t1<t2<...<tn for the conditional distribution of probability, the relation is true. The Markov process
will be if and only if it has Markov property:

P, =% &, =Xoamm &y =X f= Pl =X, 16, =% @
for all possible values of random variable valuesg, &, ,...,&, . The behavior of the system at this

point in time tn+1 IS described by the probability transition matrix. By knowing the final probability
matrix, the "boundary" behavior of the considered system can be predicted.
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The basic form of Markov random processes is classified according to the given values in time and
numerous numerical sets. According to this classification there are [5,6]:

Discrete processes with discrete time,

Continuous processes with discrete time,

Discrete processes with continuous time and

Continuous processes with continuous time.

SOLVING THE PROBLEM OF MARKOQOV PROCESSES WITH DISCRETE STATE AND
DISCRETE TIME

From the definition of Markov process, it follows that the random process is a family of random
variables, { £ }, where to <t; < --- <ty is @ moment of time, it will be Markov process then and only

then, if it has Markov property. Within this chapter, using the criterion »?, it was established that a set
of values of one diagnostic criterion {Cftn} is a family of random variables [7]. In addition, in the

problems of diagnostics, the manager has no knowledge of the previous state of the machine system,
therefore Markov property appears not only as the necessary limitation of application, but also
significantly in practice.

When considering the deformation model of complex systems and the study of the dependence of
vibrations and time, a scale of possible states is proposed, according to which system state can be

classified into one of three possible classes. Despite the fact that the family of random sizes {cftn 1,

characterizes values of unique diagnostic criteria, continuously, on the system zone E1-E2-E3 the
boundaries can be selected, in that way that many standard criteria {&, "} would be discrete. Thus, in

keeping with Markov random classification process, Markov random processes with discrete states
(time) can be used to solve the problem of complex systems diagnostics. On the other hand, the
measurement of different parameters of the diagnostic system arises with a certain discretion. Thus,
the states of most systems can be adequately described by the Markov process with discrete state and
discrete time. The answer to the question of choosing the most justified and efficient maintenance
strategy, depending on the specificity of the production, can be obtained by using the Markov process,
of revenue type.

A more detailed consideration of the diagnostic system behavior on the case of bearing points of
circuits. Describing the bearing deformation model, three possible states of the diagnostic bearing (E1,
E2 and E3) are distinguished. Immediately after installation, the bearing is in position E1. The
minimum wear of the bearing is in the state of E1, and it is characterized by normal operation, passes
into the zone of the initial defect E2, and then in the E3 zone of intense wear. In the intense wear zone
E3, there is an emergence of bearing from the machine, followed by its replacement to the normal
exploitation zone E1. Different types of repair work, such as replacement of lubricants, change of
impermeability and others, can "bring" a diagnozed bearing into a "better" state, i.e. reduce the index
of the current state. Thus, bearings from the intense wear zone E3 can be "moved" into the E2 defect
zone or even in the normal E1 zone of exploitation. In some cases, technical maintenance results can
not be reflected on the state of the diagnozed bearing, then its condition remains unchanged. Similar
happens for the wear of the bearing, which can be so insignificant that it will not change its current
state [2].

Let us return to the problem of choosing an optimal maintenance strategy when using the Markov type
of process with discrete state and discrete time [7]. Let's look in more detail the basic models of
maintenance of complex systems: reactive, planned and proactive maintenance. To increase the
tracking, the behavior of the diagnozed model in the form of transverse graphics is presented, whose
peaks represent the state of the Markov chain (E1, E2, E3), and the arcs correspond to the positive
elements of the matrix, [2].

Reactive (corrective) technical maintenance

Reactive technical maintenance is applied with inexpensive equipment. For this type of maintenance
routine repair and inspection is not provided, and exploitation is performed until the machine is
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completely disabled. The wear of machine bearings, which has been maintained, in reactive form, goes
from the state E1 to E2, and then into E3 (Figure 1).

l)W, p:l .I)‘l§

Figure 1. Transition graph in reactive maintenance mode

In each of the states E1, E2 and E3, the system can be at any time. The transition from E3 to E1 is an
emergency maintenance repair. Figure 1 presents a transition graph describing the observed system,
which is used by the reactive maintenance form, [2].

Proactive (preventive) technical maintenance
In Serbia, one of the most commonly used types of technical maintenance of different technological
equipment is planned technical maintenance. All repairs are strictly regulated and performed at certain
intervals, regardless of the current technical condition. Proactive maintenance is when, as a measure of
the wear of machine bearings, the maintenance transition from state E1 to E2 is shown, and then in E3

(Fig. 2).

Figure 2. Transition graph in proactive maintenance

In each of the states E1, E2 and E3 system can be at any time. Since regular maintenance is performed
regardless of the technical condition, proactive overhaul (transition in state E1) can occur from any
condition (E1, E2, E3). In Figure 2, a transition graph of a system is shown which describes the
transition of the considered system, that is proactively maintained [2].

Predictive technical maintenance

The most efficient form of technical maintenance of industrial equipment is predictive technical
maintenance. All repairs (replacement of lubrication, replacement of bearings, etc.) in the system of
predictive maintenance are performed as a real necessity. Therefore, the wear of machine bearings,
maintenance in the system of predictive technical maintenance goes from state E1 to E2, whereby as a
rule, replacement of lubricants is carried out. The system can go into state E1 or remain in state E2.
With the further wear of bearings, the system passes into E3. In the event that the lubrication is
repeated, the system has not gone into E2 state, the bearing is replaced (transition to state E1). In each
of the states E1 and E2, the system can be at any time. Figure 3 presents a transition graph for
describing the considered system, which serves as a predictive form.

Pu

‘ P Ps>

Figure 3. Transition graph in the case of predictive maintenance

In order to determine the probability of transitions and to determine what is best from the economic
point of view, it is necessary to set up a maintenance strategy and to statistically monitor the system.
The paper presents the data necessary for a diagnostic criterion, a compiled matrix of transient
probability and a practical solution to the problem of choosing an optimal maintenance strategy.

Figure 4 represents the percentage representation of bearings in the total sample; 17 bearings operate
normally from a total of 33, which is a percentage of 52%, 9 bearings are in failure pending state or in
percentages 27%, 7 bearings are in a failure state, representing 21%, [2].
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Total amount of bearings %]

Bearing Bearing Bearing
work state pending failure failure

Figure 4. Bearing stats based on VDI assessment
RESULTS AND DISCUSSION

In order to solve the problem of determining the optimal bearing maintenance strategy with Markov
chains, a detailed theoretical review was given on the problem of reactive (replacement after failure),
proactive (replacement and lubrication in a certain period) and predictive (replacement and lubrication
as needed) maintenance and where the solution is supported with appropriate graphs. In this paper, a
whole group of observed bearings was divided into 3 groups, and on each group was applied a
maintenance strategy (tables 1, 2 and 3).

Table 1. Bearings that were kept reactive

Vibrations | Vibrations | Vibrations | Temperature
Number | VImm/s] | H[mm/s] | A[mm/s] t[°C]

1 0,63 0,73 0,9 41

2 1,64 2,45 1,04 58

3 7,88 11,19 8,08 77

4 6,37 8,71 6,95 71

15 7,84 12,28 8,61 80

16 6,15 9,33 7,67 72

19 8,82 12,88 7,95 75

23 7,97 9,82 11,97 73

Table 2. Bearings that were kept proactive
Vibrations | Vibrations | Vibrations | Temperature

Number | VImm/s] | H[mm/s] | A[mm/s] t[°C]

5 0,98 1,17 1,06 53

6 1,95 2,33 2,79 62

7 6,15 5,97 8,77 66

8 10,88 11,4 9,25 82
17 0,51 0,44 0,4 49
18 0,95 1,69 0,82 52
22 0,99 0,89 0,92 50
24 5,95 8,46 5,24 67
29 0,16 0,13 0,19 35
30 0,17 0,19 0,25 37
31 0,21 0,41 0,55 48
32 1,89 3,66 2,44 63
33 2,89 3,27 453 75
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Table 3. Bearings that were kept predictive

Vibrations | Vibrations | Vibrations | Temperature
Number | VImm/s] | H[mm/s] | A[mmi/s] t[°C]

9 0,84 0,75 1,12 42
10 0,77 0,51 0,49 39
11 5,63 8,02 5,58 65
12 577 8,89 6,39 68
13 0,67 0,75 0,64 41
14 1,09 1,46 0,93 55
20 6,78 8,27 6,11 70
21 0,57 0,69 0,61 40
25 1,11 1,22 1,63 56
26 2,83 2,08 1,86 61
27 7,47 4,13 3,78 79
28 2,22 3,56 491 65

The transition probability matrices (strategy iteration strategy) for each strategy are labeled P!-
reactive, P2- for proactive, P3- for predictive maintenance. The results were obtained on the basis of
the above mentioned research, [2].

0,25 0,75 O 0,38 0,62 0 0,33 0,67 0
P'=| 0 0,33 0,67 P*=|0,375 0,375 0,25 P*=|0,375 0,25 0,375 |(2)
0,5 0 0,5 0,5 0 0,5 0,33 0,67 0

To determine the optimal strategy for maintaining diagnostic bearings, it is necessary to estimate the
costs that each strategy requires. Unfortunately, the solution to this problem is impossible without the
analysis of financial data. At present, at the most of the companies, access to these data is limited.
Prices and costs differ from company to company, and it is very difficult to find some general values.
The following prices were used in the paper [2, 8-12]:

» Maintenance costs (lubrication, etc.) - 4 euros per piece per year.

» Costs of regular replacement -11 euros per piece per year.

> Extraordinary replacement costs -16 euros per piece per year.
Based on the above mentioned data a cost matrix is given (method of strategy iterations) for each of
the following strategies: R - for reactive, R - for proactive, R 3- for predictive technical maintenance.

0 0O 0 0O 0 0O
R'=|0 0 0 R°=11 0 0 R°=|4 4 4 3
16 0 O 11 0 0 11 4 0

Calculated values for the required parameters, for each of the strategies, the expected revenue viS and

limitation of the probability of the passage ”is , by means of which the required values are obtained,

are shown in Table 4. In Table 5, the letter S =1, 2, 3 denote - the maintenance strategy number, and i
=1, 2, 3 - the number of states.

Table 4. Strategy results

Strategy Expected costs Stationary probability
S v, v, Vs n} ;5 73
1 0 0 8 0,27 0,31 0,42
2 0 4,125 55 0,403 | 0398 | 0,199
3 0 4 6,31 0,36 0,46 0,18
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while the parameters 7°

m
Parameters v in the table were obtained using the formulav =" st ,
i1

were obtained from the system of matrix equations:

5PS =18
{ (4)

T+ 7y ety =1
For each strategy, the expected costs were calculated E*, E? i £2 from the formula.

m
Based on the equation of mathematical breakdown E° = Z;rfvf we get the expected expense for
i=1
each strategy individually (in euro per bearing), precisely E* = 3,36€; E2= 2,74€; E®=2,97€.
The best strategy of the mentioned transition matrix will be the one that minimizes maintenance costs.
In this case, this is another strategy, i.e. proactive maintenance strategy. The economic justification of
the choice of the system at these prices is the best and amounts t02.74 €.
Figure 5 represents the expected cost of reflecting one bearing depending on the choice of the strategy,
regardless of whether the bearing is crippled or not.

© ¢ 2,07€
§ 35 2.74€ 2
3 <3
2 3
]
2 25
=
= 2
15
1
0.5
et
0 - T T
Reactive Proactive Predictive

Figure 5. Costs of maintenance strategies

The costs of one strategy are significantly influenced by market prices of elements and labor costs. As
prices over the year can vary by more than tenth percent, so can the cost of the strategy be significantly
changed. For example, if the cost of maintaining the bearing was 3 euros instead of 4 euros annually,
this would significantly change the choice of the strategy. In that case, the costs of predictive
maintenance would be reduced to 2.39€, which would promote this strategy in the most economical,
most cost-effective, and therefore the most efficient, [1, 2, 11,12].

CONCLUSION

The analysis of the methodology and statistical solutions, and the economic effects that have been
carried out in this paper, revealed a number of advantages of practical application of this mathematical
apparatus for practical solving of the problem of diagnostics of complex systems in work. The costs of
the maintenance strategy were calculated. The accuracy of the obtained results was confirmed, i.e.
practically complete diagnostics and maintenance data, as well as system reliability.

By the method of vibrodiagnostics, as methods of preventive maintenance of energy machines, and the
analysis of Markov processes, experimental verification of the proposed method was carried out on the
example of assembly of knotted points of bearings on machine systems.

Calculation of the reliability indicator was carried out using analytical and empirical relations, using
the Markov chain method, where the matrix of probability was obtained for each strategy for
maintenance of the technical systems. An own model of economic effect was obtained for an optimal
strategy for maintaining diagnostic complex systems. By calculating it was examined which method of
maintenance is most favorable and economically most profitable.
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The obtained results of maintenance of diagnostic bearings show that proactive maintenance
significantly reduces maintenance costs, increases the safety and reliability and life span of
the entire system. That proactive maintenance is economically most cost effective as it
minimizes the costs of maintaining technical systems.
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Abstract: The paper shows the measures implemented by NIS (Petroleum Industry of Serbia) company in order
to increase energy efficiency emphasizing the scope of work of petrol stations. Defined measures application is
analyzed by showing interdependence of energy performance indicators (EnPI) with regard to realized income.
The results have shown that EnPI is being reduced by income increase which leads to conclusion that defined
measures under the current conditions of business dealings contribute to more rational use of energy and savings
in business dealings.

Key words: optimization, energy efficiency, petrol station, rationality

INTRODUCTION

Sustainable development has been a fundamental principle of European Union since 1997 whereby an
emphasis is placed on the priority areas of the sustainable development such as climate changes, health
of citizens, sustainable transport, natural resources and energy production from renewable resources.
According to numerous studies, it is possible to save minimum 20% of energy even though it is
necessary to invest significant funds in new, energy efficient equipment and energy services in order
to realize these potential savings. Considering fast increase of energy demand, especially in
developing countries, energy efficiency must be one of the main global policies trying to harmonize
the increased needs in order to encourage development and improve life conditions of all citizens on
one hand, and fight against global warming and heating on the other hand [6]. Particular emphasis is
placed on the producers obtaining energy from fossil fuels which are required to obtain part of energy
from renewable sources or to help the development of technologies for producing this type of energy
by financing.

Although it is a global problem, effective actions within the field of energy efficiency require general
structural frame. Only by combining measures at different levels (national, regional, local), it is
possible to use all potential and make serious steps towards putting an end on natural resources
consumption trend in the scope greater than the Earth is able to renew in exactly the same period
(Earth Overshoot Day).

Serbian energy policy is primarily directed towards: development of energy infrastructure, energy
sources diversification in order to provide secure supply, modern technologies introduction within
energy sector, reduction of final energy consumption increase, energy efficiency increase as well as
increasing the use of renewable energy sources. There is a possibility of implementing numerous
measures at local levels bringing them closer to the citizens so that by changing certain behaviour
patterns, everyday activities should be directed towards rational energy use not only at work place, but
also at home. As it can be seen, energy efficiency represents the sum of intentions and actions in all
areas of life for the purpose of the ultimate aim of minimal energy consumption with the set
requirement that level of work and life remains the same or becomes better. It does not mean that
energy saving should imply renunciation but that its efficient use may contribute to improving the
quality of life and work as well as the greater production competitiveness.

NIS is one of the greatest vertically integrated energy companies in Southeast Europe. Elementary
business activities are exploration, production and processing of petroleum and gas, wide range of
petroleum products trade as well as energy projects realization. The company owns processing
complex in Serbia including two plants in Pancevo and Novi Sad, plant for LPG (Liquefied Petroleum
Gas) production as well as retail network of petrol stations in Serbia and neighbouring countries. As
such, the company recognized the importance of energy efficiency improvement contributing to secure
energy supply, standard increase, reduction of import dependence and reduction of negative effects on
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environment so that certified energy management system was established as far back as 2013 (EnMS)
in compliance with the requirements of standard SRPS EN 1SO 50001:2012.
Energy efficiency increase and energy management represent one of the strategic aims of the
company, which are implemented through programmes for energy efficiency increase by introducing
the practice of saving and rational use of energy at the level of the entire company as well as by the
implementation of new technologies that would reduce energy consumption.
Energy policy is based on the responsible energy management and continuous improvement of energy
efficiency in all production processes, plants and facilities. With an aim of preserving energy resources
and reduction of negative impacts on environment, implemented activities refer to the following:

o Improvement of energy efficiency within all organizational units of the company

e Reduction of negative impacts on the environment coming from plants and facilities

e Setting and review of aims in compliance with best world practice for the industrial branch to

which it belongs

e Establishment, application and continuous improvement of energy management system in all
organizational units of the company
Fulfilment of legal obligations in terms of energy use and energy efficiency
Energy consumption monitoring and energy base establishment
Determining and monitoring of key indicators of energy performances (EnPl)
Reconsideration of energy consumption
Establishment of appropriate reporting system
Taking corrective measures for improvement of energy efficiency and energy management
system maintenance
e Taking preventive measures and continuous improvement of energy management system [3].

Along with development and improvement of energy efficiency management in the processes of
production of all stated company segments, there is also an arising need to pay equal attention to
slightly smaller energy facilities such as petrol stations, the number of which in Serbia is 330. By
investing in modernization, development and improvement of efficiency of retail network,
simultaneously implemented measures are those for energy efficiency increase, programmes
management and projects for rational use of energy.

The aim of implementing the mentioned activities is the achievement of better economic benefit for
the organization through implementation of cost-effective measures for improving energy efficiency
i.e. the use of renewable energy sources thereby not disturbing the quality and quantity level of
services or products offered to the consumers by the company (Figure 1).

Energy
efficiency
improvement

Energy ' Reduction of
costs o,

~ reduction emission

W

Figure 1. Fundamental benefits from the application of energy management system
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MATERIAL AND METHODS

Energy planning, measures defining and reconsideration in NIS

Activities of energy planning process in the company are implemented within the procedure of
business planning on the level of all organizational sections of the company and imply the following:
o Identification of legal and other regulations
o Energy review
» Collection of data on the consumption and energy use manners
» ldentification of significant consumption and energy use
» Possibilities for energy efficiency improvement
o Defining:
» General and separate energy aims
» Action plan of energy efficiency
» Energy saving program and energy efficiency increase

Upon implemented planning, measures taken comprise investment and organizational and technical
measures. Investment measures imply investing in improvement of technical and technological
characteristics of plants and equipment, new technologies application, projects for the use of waste
fuels for the production of electricity and heat, introduction of automated monitoring system of energy
balance and projects for the use of alternative / renewable energy sources.

Organizational and technical measures imply regular control and maintenance of equipment and
installations, complying with the recommendations on rational energy use (computers, elevators,
lighting, air conditioning system, water consumption, fuel consumption), training of employees within
the field of energy efficiency as well as actions taken to increase employees’ awareness of the effect of
their everyday activities on reducing energy consumption.

Energy review process represents the procedure which, through measurement and analysis of the
current energy consumption, identifies the areas of significant energy consumption and measure for
improving energy performance. Subject matter of energy review refers to all plants and facilities
including related equipment and all processes as well as employees representing the important factor
which has an impact on energy efficiency.

On the basis of the collected data, energy consumption trends are analyzed and significant energy
consumption areas have been determined (plants, facilities, equipment, processes and employees).

By identifying the areas of significant energy consumption the requirements for defining energy
performance indicators are acquired (EnPI) as well as the comparative energy values arising from the
same for each separate plant, section and facility. When defining EnPl, it is necessary to be guided by
certain criteria which implies that it should be easy for understanding, measurable, actual and not
expressed in large number so that measuring and obtained results would be as representative as
possible (Figure 2).

Not a large

number

Figure 2. Criteria for defining energy performance indicators (EnPl)
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Finally, on the basis of the identified significant energy consumers, priority energy consumers in need
of energy performance improvement are identified through realization of identified measures for
energy performance improvement.

In addition to regular energy review carried out in compliance with the defined plan and legal
obligations, extraordinary review can be done as well. Extraordinary energy review is done in case
energy performance shows significant deviations and changes but only for those areas of significant
energy consumption in which significant deviations or changes in energy performance have arisen [3].
A comprehensive improvement of energy efficiency is accomplished in this way.

RESULTS AND DISCUSSION

Based on analysis of the existing state of affairs in the retail facilities and equipment, energy use and
consumption, significant energy use and consumption areas are identified as well as the possibility for
improvement of energy efficiency of retail facilities, general and separate energy aims are determined,
measures for energy efficiency increase are defined and appropriate indicators of energy performance
are chosen (EnPI) and measures and effects of implemented measures are monitored through them.
Organizational and technical measures for energy efficiency increase at petrol stations, also having an
impact on raised awareness and competences of the employed within the field of energy management
are introduced as the recommendations for all employees at petrol stations as follows:
e Cooling and heating devices (central systems, air conditioners, heating bodies) should be used
so that temperature in the facility is within 20-22 °C
e Doors and windows on the facility should be closed in case cooling and heating devices are
turned on
e Quter lighting should be turned off from the morning till twilight except for the case of
reduced visibility due to bad weather
o Interior lighting depending on the facility structure should be either turned off or turned on to
the extent enabling normal facility functioning
e Within the facility, lighting should be turned off in all rooms when there is no necessity for it
— toilets, warehouses, auxiliary rooms etc.
e All fridges/refrigerated showcases should be turned off in case they are not used at the
moment for sale of additional assortment
e On the facilities selling LPG, it is necessary to pay attention that LPG pump does not function
in manual but in automatic mode [5].

Additional measures implemented significantly influencing the increase of energy efficiency and
reduction of consumption at petrol stations are as follows:

e Reactive energy compensation

e Implementation of outer and interior LED lighting

e Reduction of approved power

Key activities necessary to be implemented with an aim of adequate monitoring of the process implied
are as follows:
e Securing the adequate mesuring point and measuring equipment
Securing the reliability of measuring equipment
Measuring and entry of data in compliance with defined plan
Data analysis
Energy performance analysis - Achievement review EnPI

Implemented measures accomplishment is shown through interdependence of energy performance
indicators with regard to accomplished income.
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Figure 3. EnPl with regard to the achieved income

On the basis of the observed data for the period January - July 2018 (Figure 3), it can be seen that
EnPI is being reduced by an increase of income. As income increase in sale of petroleum products and
additional assortment and services at petrol stations also implies increased energy products
consumption at retail facilities which is reflected through greater use of technical and technological
equipment and resources, EnPI reduction precisely shows that saving and rational energy use is
achieved by the efficient resources management. On the contrary, income increase would lead to an
increase of EnPI which in that case would indicate the need for additional measures introduction and
implementation control for the purpose of energy efficiency increase of retail facilities.

On the basis of the aforementioned, it can be realized that measures implemented with an aim of
energy saving at the retail facilities, directly affect decline in operational costs of business dealings
and therefore increase the income which the company obtains.

CONCLUSION

Measures taken for the purpose of achieving energy efficiency of petrol stations are directed towards
reduction of technical and technological resources resulted in reduction of costs along with
simultaneous maintenance of the quality and level of business dealings and services provision at retail
facilities. Foreseen and long-term investment into construction of new facilities built according to the
principle of energy efficient facilities, reconstruction of existing facilities and procurement of new
equipment are carried out through continuous investments into retail network development in
compliance with the company development plan. All mentioned activities significantly rationalize
energy consumption and represent the base of sustainable business dealings.
In order to realize energy policy as successful as possible, NIS is guided by the following principles:
e Management and employees directly and actively participate in improvement of energy
efficiency, application and constant improvement of energy management system
o  Full control within energy production and consumption is implemented through technological
processes improvement, new technologies introduction, monitoring and reporting the achieved
results
e Continuous investment into programmes and projects for improving energy efficiency
e Continuous improvement of energy consumption monitoring system and reporting on all
levels are carried out for the purpose of providing support to operational management of
energy systems and bringing decisions within the field of energy management
o Energy costs are reduced, competitiveness and profit growth is increased
e Advantageous environment is created in order to motivate the employees and form positive
habits in everyday work through training and providing information for the employed [3].
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Reduction of costs of business dealings, energy efficiency increase, competitiveness increase,
environment protection as well as improvement of company image are directly influenced by
complying with the provisions of Standards for energy management system ISO 500001.

In order to successfully implement the measures for energy efficiency increase, it is of utmost
importance that the employees are aware of its importance as well as that they rationally refer to
energy consumption in everyday work which is best achieved by communication, education and
programmes for raising awareness of energy efficiency significance that the company continuously
implement by motivating its employees to contribute together to set strategic goal.
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Abstract: This paper investigates certain possibilities of optimizing the maintenance process of petrol stations of
energy company NIS (Petroleum Industry of Serbia). Maintenance system is analyzed by presented monitoring
of suspension due to technical factors and the most frequent causes of direct trade loss in case of suspended
operation at petrol station are defined. The results have shown that the primary cause based on the number of
suspensions does not have a dominant impact on trade decline. As a matter of fact, the most critical suspension is
the factor having a slightly smaller number of suspension hours but the malfunction of which directly affects the
suspension of the entire retail facility operation consequently followed by the loss of trade.
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INTRODUCTION

Considering the global market development including a constant struggle for acquiring new customers
and keeping those already existing, market competition can be won only by the companies which
besides constant investment into development of new products and services offered to their consumers,
recognize the importance of managing various activities intended for preserving physical goods and
technical means along with constant care for environment protection and protection at work thereby
securing the safe working environment to the employees.

Aiming to satisfy an increasingly finicky market striving for continuous innovations and production
increase followed by minimum costs, organization and efficient management of the maintenance
processes represent one of the key segments for reducing costs and thereby for profitability increase.
Complex work resources, characteristic for the industry of production, processing and trade of
petroleum require continuous maintenance technology improvement followed by the constant
investment into both, development of new solutions based on technological development and into the
processes of automation and development of information technologies in order to control and manage
the entire process more efficiently. Investment into maintenance processes represent a long-term, cost-
effective investment which provides energy companies with the possibility to efficiently manage
maintenance processes, reduces the accidental events likelihood, great plants operation failure, reduces
the environment pollution and increases the industrial safety and protection at work for the employees.
As NIS is one of the greatest vertically integrated energy companies in the Southeast Europe, its basic
business activities are exploration, production and processing of petroleum and gas, trade of wide
assortment of petroleum products as well as energy projects realization. It owns processing complex in
Serbia including two facilities in Pancevo and Novi Sad, facility for the production of LPG (liquefied
petroleum gas) as well as network of petrol stations in Serbia and neighbouring countries [1].

Retail network in Serbia comprises 330 petrol stations accomplishing annual trade of about 3.3 million
tons a year. In compliance with the adopted strategy, NIS is going to continue investing into
modernization, development and improvement of retail network efficiency as well as increase of
market participation not only in Serbia but also in the neighbouring countries. Along with
development and financial growth plans, the focus is on the improvement of maintenance and
management system of exploiting petrol stations equipment along with optimization of the operational
performances of business dealings also being in accordance with technical and economic justifiability.
Any failure in the operation or damage of the facility at petrol stations directly causes sale suspension
and trade decline, increases the possibility of injuries at work or affects dissatisfaction of the
customers or in an extreme case their loss. Consequently, significant attention is devoted precisely to
the processes of organizing maintenance of equipment and facilities of petrol stations, their
optimization, automation and analysis of suspension causes.
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MATERIAL AND METHODS
Maintenance and exploitation of petrol stations

Technical and investment maintenance of equipment and facilities of NIS petrol stations is organized
so that it enables efficient, reliable and safe exploitation and is carried out by means of preventive
(periodical) and corrective (upon call) maintenance.
Technical maintenance of NIS petrol stations includes the following:
e Maintaining devices for intake, storage and sale of petroleum products at petrol stations;
e Maintenance of facilities and infrastructure at petrol stations;
e Control and supervision of works carried out at petrol stations;
e Preparation of the plans for preventive examinations and maintenance, plans for cleaning and
certification of tanks, certification of fuel dispensers, measuring devices and measuring
equipment in compliance with legal regulations.

In compliance with the Standard for energy management system 1SO 50001 defining the guidelines for
the rational energy management, all employees as well as third parties are obliged to comply with the
principles of the energy efficiency and recommendations for efficient energy use in the course of
construction, reconstruction, technical maintenance and everyday operation of petrol stations.
Standard 1SO 50001 helps the company to reduce the energy consumption using the best practice for
the management of energy, measuring and reporting system as well as the promotion of energy
efficiency in the supply chain.
By complying with the provisions of the Standard for energy management system, direct impact on the
business factors is accomplished as follows:

e Reduction of the costs

e Sustainable business dealings
e Environment protection
e Improvement of the company image

Preventive (periodical) maintenance is carried out through implementation of defined periodical
examinations and in compliance with the requirements of the legal regulations and comprises
maintenance of the equipment, area and building of the petrol station.

In case of any noticed defect which disables safe or normal exploitation of the equipment, in the
course of mandatory daily examination carried out on a daily basis, the responsible and authorized
person shall report the failure which, at the same time, represents a mandatory step in case of
corrective, i.e. maintenance upon call.

In addition to the preventive and daily examinations, extraordinary examinations are also carried out
after bad weather or after HSE accident causing or which could cause damages of separate elements of
the facility or equipment construction. Mentioned examinations shall be carried out after breakdowns
within systems supplying heating, water and energy, within telecommunication networks and in case
of detected deformities of building and facility base.

Defects ascertained in the course of regular or extraordinary examination of the facility are recorded
through Orpheus Web application (Image 1).

Person in charge chooses suspension type from the drop-down list and terms entered in each of below
offered options are exclusively those disabling sale at petrol station due to any reason. Precise date and
time of suspension duration shall be stated for each type of suspension and more detailed explanation
may be added into the note box. It is necessary to choose the option “Entry” at the end of each entry
per type of suspension.

Data recorded through Orpheus Web application represent the base of further analysis of suspension
occurrence causes in operation of petrol stations, estimation of costs and losses as well as planning
future measures in order to eliminate causes which may influence the suspension occurrence.
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Figure 1. Example of recording suspensions through Orpheus Web application
KPI maintenance and exploitation of petrol stations

The aim of maintenance procedure of NIS petrol stations is their optimal operation having minimal
suspensions in operation and minimal costs of maintenance within the foreseen budget along with care
of environment protection and protection at work. KPI process of maintenance (Table 1) is measured
according to the number of hours of suspension due to technical deficiencies and on the basis of the
maintenance costs compared with the business and quarterly plans [2].

Table 1. Key indicators of maintenance process accomplishment

Name of KPI Determining KPI Measuw;gl e &l Source of data
. - Number of hours of suspension due to technical Orpheus
Suspension monitoring N h .
deficiencies Application
Technical maintenance costs Maintenance costs compared to BP and QPR rsd EBITDA

Report on monitoring of suspended operation of petrol stations (January - July 2018)

The report on monitoring of suspended operation of petrol stations in the concrete example comprises
the sum expressed in the hours for the observed period from January - July 2018 per type of
suspension due to technical deficiencies or planned repair and maintenance (Table 2).

Table 2. Statistics of petrol station operation suspension

SIEPEE Name of Suspension hiotlrs .Of
code suspension

1 Power outage 470:15
2 Management system malfunction 161:05
3 Faulty automat 675:43
4 Technical malfunction of the equipment 0:00
5 Planned repair and maintenance 389:40
6 Unforeseen repair and maintenance 10:25
7 Reconstruction/Rebranding 6:50

Total for the period January-July 2018: 1713:58
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Collection, processing and analysis of data are carried out on a weekly basis and subsequently on a
monthly, quarterly and yearly basis. As the suspended operation of petrol station represent one of the
significant factors having direct impact on the realized trade, maintenance process, on one hand, may
have a great impact on the losses in business dealings in case of inadequate maintenance processes
management or, on the other hand, may achieve significant savings and reduce operational costs of
business dealings providing that the entire process is managed in a planned way taking care thereby of
respecting legal regulations and international standards.

RESULTS AND DISCUSSION

By analyzing the obtained results (Image 2), four dominant reasons for suspension are noticed:
1. Faulty automat

2. Power outage
3. Planned repair and maintenance
4. Management system malfunction
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Image 2: Distribution of suspensions in petrol stations operation according to suspension type

Although “Faulty automat™ constitutes the greatest part in suspension, this suspension type does not
significantly influence the quality of operation and eventual loss of trade since it implies suspension
per one fuel pistol and considering that petrol station has even up to 13 fuel pistols, this type of failure
does not represent critical suspension.

Certainly, providing that the preventive examinations are introduced as well as the replacement of
consumable equipment (straps, pistols, hoses), failures would be significantly reduced but they would
be followed by the additional increase of preventive maintenance costs.

"Power outage" represents suspensions in operation on which the company neither has the influence
nor is able to prevent them. They are most frequent in case of weather disasters or breakdowns on the
power plants for power production and supply. The problem of power outage has been overcome by
the construction or purchase of mobile generators. Considering that the installation of generators in all
petrol stations would be economically inefficient, their installation is done only in the most frequent
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facilities which at the same time have the greatest influence on trade while an adequate number of
mobile generators is provided for the needs of other petrol stations.

"Planned repair and maintenance" comprises suspensions due to calibration of devices and cleaning
tanks. Providing that the mentioned works are carried out at night in the night mode, safety risk would
be significantly increased followed by simultaneous increase of costs for services. In order to reduce
mentioned suspensions impact on trade of derivatives, the activities in this segment of maintenance are
organized in the periods of less consumer frequency at retail facilities so that the partial suspension in
operation, for example of one filling site, has the least impact on the sale loss.

Although “Management system malfunction” has slightly lesser share in suspension, it represents the
most critical suspension of operation since its breakdown terminates the operation of the entire facility.
The systems for management comprise IT systems (fiscal cash registers, printers, computers and
DOMS controllers enabling interconnection of different types of equipment at petrol stations).

Besides the four mentioned first ranked suspensions, they also occur due to the following:
5. Unforeseen repair and maintenance

6. Reconstruction/Rebranding
7. Technical malfunction of the equipment

"Unforeseen repair and maintenance” which in a concrete example represent the activity within
maintenance in case of breakdown, as it can be seen, amounts to 10:25 hours for the period January —
July, which on average represents 1:46 hours of suspension on a monthly basis. Mentioned suspension
cannot be considered as hazardous to undisturbed operation of the facility and the entire retail network.
"Reconstruction/Rebranding” represents the category of the foreseen suspension of operation and is
carried out in the afore-planned periods and terms.

As it can be seen on the basis of the given distribution of suspensions in the operation of petrol stations
according to the type of suspension (Diagram 1), last ranked one is "Technical malfunction of the
equipment" having zero hours of suspension since there are no suspensions due to it. Therefore, it can
be concluded that maintenance service in charge of the organization and control of processes, performs
an adequate planning and management of preventive and foreseen maintenance processes thus
minimizing the suspensions of retail facilities operation which may be caused by technical and
technological malfunction.

To conclude, although placed in the fourth place according to the number of suspension hours,
interrupted operation due to management system malfunction (IT system) may be considered as the
most critical taking into account that it results in termination of the entire operation at the retail
facility. Necessary measures imply hardware improvement by investing into modernization of
computer equipment, fiscal printers and network equipment followed by simultaneous investment into
development and training of the employees so that they would be able to recognize and remove
shortages as soon as possible upon their occurrence.

CONCLUSION

Aiming to efficiently manage petrol stations maintenance process, continuously implemented activities
are as follows:
e Plans for the use, maintenance and certification of measuring and regulation equipment are
prepared
e There is a continuous monitoring of equipment and devices development in terms of
maintenance, exploitation, ecology and safety
e Equipment unification is carried out
Unique records of the technical and technological equipment base is kept
e Control, monitoring, recording and informing related to reporting breakdowns at petrol
stations are carried out and elimination of the same within defined deadlines is monitored.
e Power saving is secured by complying with the Standards for power management system 1SO
50001.
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In addition to the mentioned activities, systems in use are also those for derivatives leakage detection
thus reducing the possibility of losses and secure the protection as follows:
e Sensors under pump devices and in tank manholes
o Double layer of tanks including under-pressure, overpressure and electrical unit controlling
the pressure and alarms in case of change
e Electrical measuring probes having derivatives leakage alarm built-in.

All facilities also contain fire-protection systems thereby providing property protection, reducing the
possibility of breakdown and risk to life not only of the employees but also of the customers:
e Fire-protection switchboard
Fire-protection devices
Hydrants
Smoke detectors in petrol stations facility
Equipment and devices for anti-explosion protection

As one of preventive and planned maintenance processes, regularly implemented activities are in
compliance with the provisions of standards SRPS 1SO 60079-17: Recommendations for examination
and maintenance of electrical installations within hazardous premises - apart from mines thus securing
regular control and raising the protection level of electrical equipment in ’Ex”’ performance.

Considering territorial indentation of retail facilities in the territory of Serbia as well as impossibility
of unifying all facilities and equipment, the service in charge of technical maintenance of NIS petrol
stations, through activities and measures implemented, successfully manage petrol stations
maintenance process to a considerable extent. Continuous investments into innovations, development
of new solutions, compliance with international standards and process automation result in notable
elimination of profit loss due to operation suspension as well as mistakes thus achieving maintenance
costs reduction. Previously mentioned facts also result in taking care of energy efficiency, environment
protection and safety at work along with simultaneously achieved increase of credibility,
competitiveness of business dealings and reputation that the company has in the market.
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INTRODUCTION

There are several specific conditions of the Arctic seas that have a negative impact on the
effectiveness of oil spill cleanup [1, 2]:

- difficult meteorological conditions (fogs, low clouds, low temperatures in winter, frequent storms,
etc.);

- small depths in coastal zones and other navigational hazards;

- difficult ice conditions;

- poor transport infrastructure;

- significant distances between potential oil spills and concentration of forces for oil spills liquidation;
- a small number of deep-water, sheltered from the waves bays, where it would be possible to deploy
resource bases;

-lack of sufficient forces for oil spills elimination and the difficulty in determining their quantity.
The combination of these factors gives a synergetic effect of reducing the effectiveness of the work
[3].

The presence of fog makes it difficult to use aircraft for monitoring oil slick. Due to the remoteness of
the take-off areas and the locations of aircraft, long periods of ‘flying” weather are required that in the
Acrctic are rare and short.

Ice is also an insurmountable obstacle for cleanup operations. Developed technologies for spills
localizing exist only in continuous ice, but for bit and solid ice, these technologies cannot be used.
The vastness of the basin, the small number of sheltered harbors and the weak transport infrastructure
of the Arctic region make it very difficult to create a network of equipment bases and a grouping of
ships that can quickly focus in the area of work. Nowadays the delay in starting of full-scale
liquidation work in remote regions of the Arctic can be up to several days

Data about the dynamics of oil spill propagation resulting from rare field observations, satellite
imagery and computer modeling using geoinformation systems can complement each other by
increasing the accuracy of forecasting the dynamics of spreading and migration of an oil spill, but not
completely predict it [4].

MATERIAL AND METHODS

Assessment of the probability of oil spills at the Arctic shelf

For assessing risks of oil spills at offshore projects, especially at large ones that are more than 700
tons, it is necessary to consider accidents during drilling and fishing operations, as well as accidents
while transporting oil by pipelines and tankers.

The probability of accidents at oil pipelines is determined, as a rule, by one kilometer of the route.
Thus, for submerged areas [5] it is recommended to take the value 1.4 - 10-5 per km / year, while for
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land sections of pipelines with a diameter of more than 24 inches, the frequency of accidents is higher
by —2,5-10* at 1 km/ year.

The development of oil projects at shelf will lead to an intensification of oil transportation by tankers.
However, tanker accidents are the most common causes of large oil spills (in hundreds of thousands of
tons) in the sea. One of the most "expensive" accidents was the accident with the tanker Exxon Valdiz
in the waters of Alaska in 1989. Exxon's losses were about 9 billion dollars with a spill of 37,000 tons
of oil [6].

According to the data given in Table 1, large oil spills are most likely in case of navigational accidents
with tankers - grounding, hull damage and collision. Such accidents are typical for complicated ice
and navigation situation in the Arctic.

Table 1. The probability of accidents during oil transportation by tankers [7, 8]

Established and Probability of spills per tanker per year according the volume of

- an the spill (t

emergency situations ¢ Spl ( )
<7 7-700 | 700-5000 | > 5000 Beero
tﬁﬁ)‘g&‘?ﬁg 1,6-102 1,7.10° | 69105 | 29105 | 18102
Operations | Bunkering 3,1-10° 1,4-10* 0 0 3,3-10°°
Sgggtions 6.7-10° 2.7.10% 0 0 7.0-10°3
Collisions 8,8-10% 1,4-10°% 3,5.10 1,5-104 2.7.10°3
f;;g?r?g 1.3-10°% 11-10°% 42.10% 1,8-10 3,0-10°3

Accidents c

J :rffage 3,2.10°3 4,2.10% 1,7-10% 7.4.10% 3.9.103
e':)'(gi'z ;zﬂs 8,610 92105 | 7710° | 3310° | 11.10°
Other reasons 1,3-10 9,3-10* 1,4-10* 6,0-10° 1,4-102
Total 45.102 6,1-10° 1,2:103 5.2.10 53.102

Damage assessment of oil spills at the Arctic shelf

Along with the probability of oil spills, it is necessary to assess the probable damage from it. The
maximum losses occur when oil reaches the coastal zones and the coastline. It is especially important
to know which banks are or may be contaminated. In the international practice, the indexing of coasts
(from 1 to 10, as their vulnerability increases) is used [9]. The maximum index is assigned to the
swampy, sheltered from the excitement of the shore, overgrown with vegetation of shallow lagoons.
Vulnerability of coastal zones depends on climatic conditions. Thus, based on the damage assessment
studies that have been carried out as a result of oil spills in the Arctic seas and Prince William Sound
(Alaska), it is concluded that the consequences of oil spills affecting the subarctic coastal environment
can last much longer than in temperate latitudes, because of the slower pace of ecosystem restoration.
[10,11] If such banks are polluted, not only large environmental damage is expected, but also
significant costs for their purification. In addition to the geomorphological characteristics of the coast,
the vulnerability is affected by the concentration of marine inhabitants that may suffer as a result of
pollution. Thus, oil ingress into the estuarine zone of the river can make it completely harmful for
spawning, which will have long-term consequences, and oil spills in places of mammal or bird
accumulation can lead to their mass death. Assessment of the impact of oil spills on marine
ecosystems and bioresources was elaborated in detail in [12], and biodiversity of the Arctic seas of the
Russian Federation is clearly illustrated in [13]. The main conclusion of these studies is the assessment
of Arctic ecosystems as extremely vulnerable to oil pollution.
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CONCLUSION

With other equal parameters of intensity of offshore oil fields development, the risks associated with
large oil spills in the Arctic significantly exceed the analogous indicators for more moderate climatic
zones. While the integral indicators of the probability of a major oil spill lie in a fairly "quiet" range of
"possible events” (one event in the range of 100 to 10,000 years), but the consequences of such
incidents are difficult to assess because of their scale. Therefore, it is difficult to recognize the existing
risks as "acceptable™

All measures for ensuring environmental safety in the implementation of oil projects at the Arctic
shelf can be divided into organizational arrangements and scientific and technical research.

Among organizational arrangements there are:

- the formation of a regulatory field in oil spills cleanup area and ensuring readiness for such incidents;
- development of Management System for the liquidation of large oil spills at seas, involving
organizations and resources from areas with a high concentration of potentially hazardous oil
production and transportation facilities;

- creation of a network of warehouses (including floating ones) with equipment (with the financial
support of oil companies), the creation of "response groups™ involved in liquidation operations, the
organization of their trainings.

Scientific and technical research should be focused on the following areas:

- development of methods for predicting the spread of oil spills in iced seas and remote tracking
methods for oil spills in conditions of limited visibility (including using unmanned vehicles);

- development and production of fundamentally new means of large capacity (up to 5 tons) for the
delivery of resources to work sites that ensure safe movement through water, swamps, broken and
solid ice;

- development of new methods and means for localization and liquidation of oil spills at sea in
conditions of broken solid ice and low ambient temperatures.
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INTRODUCTION

Emergency oil spills that take place on venues of oil extracting, transporting and processing industry
are very harmful to ecosystems. This problem causes breaking of many natural processes and
significantly changes conditions of organisms dwelling. This leads to negative economic and social
consequences.

Due to the current tendency of extraction transfer of hardly removable hydrocarbons to the Arctic
shelf this problem acquires special relevance. Decrease of possible negative consequences in the
severe Arctic conditions that are characterized by hardly recoverable and vulnerable ecosystems
becomes one of the most important problems of oil industry. [1]

Emergency spills on water basins cover significant areas. If the oil slick from one ton of the poured oil
on the land can occupy up to 0,1 sg.km, then the area of a slick of the same volume on quiet water
reaches 12 sg.km. Waves and wind aggravate the situation. It is also necessary to mention that the area
of oil spill among ice that is characteristically to Arctic seas in waving and windy conditions difficult
gives in to assessment.

Dynamics of oil slick spreading is necessary for expeditious localization and elimination of a slick.
Both observations are needed: predicted ones that based on various mathematical models and natural
ones.

MATERIAL AND METHODS

Modern technologies of a space radar-location with application of locators with the synthesized
aperture have brought remote sounding of the Arctic water areas to qualitatively new level. [2]
However, the main problem of their use in the Arctic seas is the complexity, and in some cases even
impossibility of direct detection and exact assessment of oil spills parameters among ice covering. [3]
Despite mentioned disadvantages of satellite monitoring, accumulation and analysis of the data
obtained with its help is useful for creation of the basic data that is applicable at mathematical
modeling of oil spill spreading in ice seas, especially in case of depressurization of the sea oil pipeline
under ice. [4]

Thus, the data obtained as a result of rare natural observations, pictures from satellites and
mathematical modeling supplement each other and with high probability can predict spreading of an
oil slick during time. All this leads to improvement of quality of the made plans for elimination of oil
spills emergency and to the more exact determination of required forces and funds for their realization.
Localization of a spill is traditionally carried out by installation of floating booms. [5] However, their
effective usage is complicated because of weather conditions and an ice cover in Arctic seas. Waves
and additional ice loads on booms cause ablation, oil duck and raise requirements of durability and
reliability to booms and technical connections.
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Nowadays the main methods of oil spills emergency elimination in seawater areas are thermal,
mechanical and chemical.

Recently the special popularity is gained by a method of bacteriological destruction due to use of
various oleophagous organisms. In the low temperature conditions of the Arctic shelf when oxidizing
processes are considerably slowed down, these microorganisms make an essential contribution to oil
decomposition. This way of oil spill elimination has essential potential in the Arctic water areas.
However, it demands the considerable volume of the multiple researches that con-firm its efficiency.
Therefore, it is more necessary to analyze traditional methods that are used at northern water areas.
Combustion of oil is one of the most widespread elimination methods that has been used since the
1960s. Burning on the place requires two components: fire-resistant booms and igniters.

The main characteristic of the correct burning is spot thickness. If the oil layer is rather big, then top
layer freely burns, and lower is the insulator of heating transfer. It reaches preservation of low water
temperature. However, if the layer gets thinner and heat exchange with the environment is more
active, it can serve as the burning termination reason.

World scientists believe [6, 7] that this way is rather effective, especially in pack ice of various
density, but its efficiency depends on initial conditions: time of response to an oil slick, thickness of a
spot and wind speed.

It is possible to refer fire danger, toxicity, a small "temporary window" on open water, special
requirements imposed to booms design and low efficiency to disadvantages of this method. Formation
of a cancerogenic deposit after burning makes up to 25% of the slick volume, and the rest after
burning by different estimates can reach up to 50% of volume.

During mechanical removal of oil from water surface oil localization with the help of booms and
gathering by petrocatchers (skimmers) are carried out. At first, the area of an oil slick spreading is
reduced. Then layer gets thicker that facilitates operation of skimmers. After that, skimmers collect oil
that comes to containers located on the vessel with its further utilization.

Depending on properties, amount of spilled oil, ice covering and weather conditions, various types of
skimmers (different in design principle of working) are applied. It is established that their usage is
most effective in case of fast reaction of the vessel with a complete set of the equipment and in water
that is completely free from ice.

However tests of skimmers of various designs that were held among ice covering authorized by the
American department of surrounding environments protection in 2013 have shown their efficiency
only at considerable (25 mm) thickness of a film and at small ice concentration (the unity was 3
points).

It is possible to carry small volumes of collecting, existence of a residual film, labor input and low
efficiency in ice conditions that is influenced by waves, temperature, viscosity of collected product
and existence of a snow and ice cover to the main disadvantages of mechanical method. [7]

Within a chemical method, it is possible to allocate use of sorbents and dispersants. However, sorption
properties of the known sorbents seriously depend on viscosity of the collected oil that in the
conditions of the lowered temperatures has key value. Besides, the sorbent impregnated with oil has to
be mechanically collected from a surface of the water. This leads to various well-known problems.
Dispersants are the means that intensify natural dispersion of oil in the thickness of water. Use of these
means is recognized as an ecologically acceptable and very effective under certain conditions way of
elimination of oil spill emergencies.

Dispersants are irreplaceable when as a result of strong wind and adverse sea conditions mechanical
collecting of oil and burning it out becomes unsafe or inefficient. They promote division of oil into the
smallest drops that quickly break in water to safe concentration that considerably accelerates the
natural bio-degradation of oil proceeding even at low temperatures in the Arctic conditions.

Spreading of oil, its drift and processes of degradation have unique features in ice cover conditions.
Temperature depending on which properties of oil (viscosity, density, a superficial tension) change,
direction, current force and wind have a great influence on spreading processes.

Oil, getting on a limited water surface with floating ice, appears under ice, on the ice surface and
inside ice. Qil is exempted from an ice cover only in the spring and it can occur for several hundreds
or even thousands of kilometers from the place of leak. As a result, the huge territory of the ocean that
was earlier clean is polluted.
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Besides, oil in congestions of fragments of sea ice and under them remains fresh and dispersed during
longer period, than in other areas because of the lowered speed of evaporation, bigger thickness of the
oil film and smaller intensity of hashing interfering oil emulsification. Joint migration of a dispersant
and oil with ices potentially allows to continue dispergating after their thawing.

It is possible to refer increase of dispersants efficiency in case of wind speed and wave height increase
that is typical to northern water areas to ad-vantage of dispersants use in comparison with application
of mechanical collectors skimmers and burning. [7]

Thus, the chemical method with application of dispersants can be considered as the most acceptable in
struggling against oil spills in the Arctic shelf.

It is necessary to mention that broad use of dispersants restrains by a number of factors. First, it is an
insufficient study of their behavior in ice conditions. The compounding of dispersants, as a rule, is not
universal. Environment conditions, physical and chemical properties of dispersed oil and oil products
have considerable impact on dispersants efficiency. Besides, a humber of re-searchers believes that
use of dispersants in the Arctic with use of the existing technologies of dispersion is rather
complicated. [6]

Broad application of dispersants is limited by their toxicity. So, in the USA and Canada dispersants are
used only for elimination of oil spills emergencies weighing more than 30 tons and over sea depth
over 150 m. However, the preliminary analysis of the existing dispersants of global manufacturers has
revealed a tendency to the outlined decrease in their toxicity. For example, dispersants of the second
generation of Corexit 9527, Magnus, Varine cieanez Smilh herdez are much less toxic in comparison
with the predecessors - Corexit 7664, Corexit 9500, BP 1002 and BP of 1001.

CONCLUSION

It is possible to assume that it is possible to receive a dispersant without any components containing
the chlorinated hydrocarbons, benzene and phenolsin the nearest future. This dispersant will have
similar characteristic with dispersants of the second generation. They will be capable to struggle
against oil slicks in ice conditions. Development of new compounding will allow to use dispersants in
the conditions of lowered temperatures and small salinity effectively.
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REALIZATION OF ONE SMART ENVIRONMENT FOR
AGRICULTURAL PRODUCTION
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Abstract: One of the biggest problems of agricultural producers in Serbia is insufficient efficiency in the
utilization of natural resources. This results in fewer yields or products of lower quality, which reduces earnings
and competitiveness in the market. This paper presents the creation of a smart environment, made up of physical
objects and a web application, intended for agricultural production with application to the cultivation of various
plant crops. The Web application "Pi-Sense™ is intended to facilitate and automate primitive jobs, such
as regulating the temperature in a greenhouse. The said environment provides support for tracking and
controlling conditions in which the selected plants are being grown over a network, as well as sending
warnings about various discrepancies and irregularities. Ensuring optimum conditions increases the quality and
efficiency of production.

Key words: smart environment, web application, agricultural production

INTRODUCTION

The emergence of the Internet has contributed to the development in many spheres of life of a today's
man, making a great impact in the development of the business environment. Information, its
availability, collection and exchange, as well as the development of the necessary knowledge for
interpreting it, enable the success of a business enterprise, and the Internet has become a perfect place
and a tool for it [1]. By integrating web applications and physical devices that are connected and
communicated over a network, we get something that is known as a smart environment [2]. A smart
environment allows us to exchange data that was not previously possible, which leads to increased
productivity, the creation of new business models and new sources of revenue [1]. In technologically
developed countries, smart environments are increasingly present, and their importance in the life of
citizens and the functioning of the state is noticeable [3]. The development of smart environments has
been enabled by IPv6 protocol that is able to allocate an IP address to virtually anything, LTE
technology that allows wireless transfers of large amounts of data at high speeds and similar modern
technologies. With the development of microcontrollers, microcomputers and various types of sensors,
the possibilities for use of such applications in almost all spheres of life are also increasing — for
example in smart homes, smart management, energy management, transportation, agriculture,
livestock, etc [4].

This paper presents the development of a smart environment in agricultural production. There is a
tendency for young people to move out of the villages and show disinterest for agricultural production,
which can be very demanding and difficult, and financially difficult to pay off. The development of
Internet technology has brought light to development of agricultural modernization [5]. More recent
technical solutions, which certainly include smart environments, can greatly facilitate and improve
agricultural production [6]. Unfortunately, a large number of agricultural producers do not know that
such solutions exist, or they do not understand how they can be used. There is also a belief that large
financial investments are necessary, and that such systems are complicated for operation and
maintenance. The implemented smart environment that allows optimal plant cultivation is very easy to
use and consists of cheap components that cost less than $10. In the development of the application, a
combination of Python, PHP and JavaScript programming languages and MySQL database
management system was used. The following sections will explain which environments and devices
were used and why.
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SYSTEM DESCRIPTION

Web application "Pi-Sense" is intended to facilitate and automate primitive jobs, and in this particular
case it is related to agriculture. The application consists of 3 modules: for temperature, users and
settings. Each of these modules is protected and cannot be accessed until a user is created by the
administrator. The "Pi-Sense" application is designed and implemented for the purpose of better
cultivation of plant crops from the very start and providing uninterrupted growth, which later leads to
maximum income [7]. The implemented smart environment enables monitoring of the current
temperature and air humidity in the greenhouse, as well as these data statistics for the past day. It is
possible to add programs (the type of plant that is grown) and all parameters associated with that
program, as well as editing and deleting them. Only authorized users can access the application with
the appropriate parameters that are controlled. The main functionality of this application is that the
system automatically turns the heating on and off when the temperature falls or reaches the maximum
value and notifies the user if there is a drastic change in temperature, that is, if the temperature goes
out of the range of optimal values and the temperature tolerance values defined in the program that is
currently active.

The idea for the project itself came from personal needs. After analyzing the existing and available
solutions, Sense Hat was selected as the solution that fits the most. Sense Hat is a module, or an
electronic board that connects to Raspberry Pi and has various sensors, joystick and a multicolor pixel
network that work as a small screen. Sense Hat was specially made for the Astro Pi mission, which
launched several such devices into the space for various tests and measurements. Aside from this
purpose, Sense Hat can be used as a weather station and deploy in the application described in this
paper. However, Sense Hat has many other functionalities that we did not need, and that increase the
price of the product. Financialy considerably more favorable variant was one sensor and a LED light
(from the foundation Raspberry Pi) that cost order of magnitude less, and can meet the basic needs
defined by the user. Bearing in mind the nature of Raspberry devices where the restrictions are
minimal,which gives us great freedom in terms of engineering and allows us to use them for various
functions described in the next chapter, it is clear that a simpler and cheaper option can be a great
solution for personal needs and beyond. Considering that we did not find a product that has a specific
function and purpose that we needed, we made the application "Pi-Sense", whose block diagram is

shown in Figure 1.
-

[

vV ,}

Express.js

‘
(A

Redis

@ socket.io

A,
Figure 1. A schematic view of used technologies
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Making applications is based on WEB technologies, mostly because of their availability and ease of
use for the end user where only the Internet connection and a browser are needed. Thus, the purpose of
this application is to be available in the web browser on your mobile device, which is possible with the
current code base, with minimal extensions.

Work environment

The application consists of several layers, of which three are used for the server part of the application:
1. PHP - Laravel Framework
2. NodeJs - Express Framework
3. Python
For the communication layer between the server languages, as well as the communication of the client
part with the server, the following technologies were used:
1. Redis
2. Web sockets
3. API (application programming interface)
The programming language used for the client side is JavaScript - Vue.js Framework
On the server side data are stored in a MySQL database, which is administrated by the DataGrip tool
from JetBrains and partly by Laravel where the migrations (existing tables and columns in them as
well as the type of data that can be stored in the column) are defined.
In addition to the software part, the application also has hardware, which consists of:
1. Raspberry Pi
2. DHTL11 - Sensor for measuring temperature and air humidity
3. Proto board
4. Pi Cobbler — Raspberry Pi and proto board connector
5. All accessories - cables, resistors, led lights

SYSTEM DESIGN

Laravel framework is in charge of the API part of the application, manipulation of all stored data,
initiation of background tasks that are used to read data from the sensor and store them, as well as
processing the initial HTTP requests by the client. When the user types the initial URL in their
browser Laravel is in charge of processing that HTTP request, and the application returns to the Home
page which contains SPA (single page application). Vue.js framework is in charge of this application,
as well as further navigation and processing of HTTP requests.

There are two types of background activities that are run every minute and every hour:

1. Activities that are run every minute serve to check whether a measured temperature is in the
range defined by the minimum and maximum temperature, to turn the heating on or off
depending on the current temperature and to notify the user by a phone call if the temperature
difference is greater than tolerated. Scanned data are sent to the client side in the same pace
via web sockets, in order to display them in real time.

2. Activities that are run every hour serve for storing data to the database for further processing
and statistical purposes.

Express.js framework is in charge of controlling the GPIO (General-purpose input / output) pins
located on Raspberry Pi through which it is connected to the sensor and the LED light located on the
proto board, specifically for executing the python script that reads data from the sensor and the script
that controls the lamp. The communication layer between Laravel and Express.js is Redis. Laravel
tasks, when initiated, send a message through Redis to Express.js which listening and waiting for this
message and which then continues to process the request and returns the necessary data.
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Laravel Framework

Laravel is an open source framework for PHP language [8]. It uses the MVC architecture (Model
View Controller) that separates between the logical layer and the layer of presentation. In practice, this
allows web pages to contain a minimum code script because PHP scripting is separate from the
presentation.
* Model represents the data structures. A typical model features functions that enable retrieving
and inserting data from and into the database
»  Controller works as an intermediary between the model and the view, processes HTTP
requests and generates web pages.
* View serves to present data to the user. View is commonly a webpage, but in Laravel it can be
a fragment — a header or a footer, a RSS page or any other web page.

Laravel helps us to program in PHP programming language better and simpler. It adds modularity and
the code becomes more readable and simpler for changes and corrections. The advantage of this
framework in relation to others is that it is:

o Free

* Very easy to install and configure

»  Thoroughly documented

» It has excellent community support through a large number of forums

» Includes a large number of libraries and features useful for application development.

» Fast and easy — initially it contains a small number of libraries, and others are loaded as

needed

* Generates clean and 'Search engine friendly' URLSs that help with listing in search engines

All the directories can be divided into three groups:
1. Directories whose content is most oftenly changed (controllers, models, views, events, jobs),
these are the files that the user needs to create or adjusts to their needs
2. The vendor directory contains the very core of the framework with the main classes needed for
its work, as well as libraries that we install as needed.
3. Directories that contain the files that have already been written in, but they need amendments
and changes (lang, config, errors).

In this smart environment, Laravel has the role of the main initiator of all events, responds to all client
requests, and storages/retrieves data from the database.

NodeJs - Express Framework

NodeJs is a "low-level" I / O mechanism with the HTTP module [9]. If we use only the HTTP module,
many jobs such as parsing data, cookies, sessions, etc. ... would have to be done manually. ExpressJs
allows us to avoid this and deal with specific things.

NodeJs is in charge of responding to Laravel's requests for reading data from the sensor and
forwarding them through a web socket to the front part to display it to the user. NodeJs has an open
connection to Redis where it constantly listens for a message from Laravel and then retrieves the
necessary data and continues to work with them.

Redis

Redis is an open source, key/value database that uses computer memory (RAM) to store these data
[10]. It is also used as a message broker, which is implemented in this application. Redis is an
intermediary between Laravel and Express.Js. Since there is no direct connection between these two
programming languages, Redis is the perfect solution for communication and data exchange. Each of
these languages has its advantages and disadvantages and in combination, they enable the realization
and implementation of various programs together.
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Redis has "channels” to which Node.js snaps, and Laravel sends a message to a particular channel, so
it is exactly recognized what the message is and what needs to be done when it arrives.

Redis is extremely fast because it stores all data in RAM memory so it is very reliable and works in
real-time environments.

Web sockets

Web Sockets is an advanced technology that allows an interactive communication connection to be
opened in real time between a client (web browser) and a server. We can send messages to the server
and receive event-driven messages (replies from the server to the sent messages).

Web sockets in the "Pi-Sense™ application serve to display the data read from the sensors and display
them to the end-user in real time. Data is received from NodeJs and is displayed in the application
immediately.

API (application programming interface)

The development of the API is one of the most popular ways in practice both at the individual and
company level. The API is part of a remote server that accepts requests and sends replies to them. This
allows complete separation of server and client logic and brings the following benefits:

* Unburdening the server

» Better application scaling

»  Modularity of the application

»  Access from web browsers and from mobile devices (Andorid and iOs)
In the "Pi-Sense™ application API is the agent between Vuels (front part) and Laravel (back part).
Each request from the client uses the APl and sends a request to the Laravel application, which again,
after processing the request, sends a response to the client via the API. The client receives the
requested results, or if an irregularity occurs, the error is displayed to the user in an understandable
manner.

JavaScript - Vue.js Framework

Vue.js is one of the new software technologies used worldwide for web development and user
interfaces. Vue.js is actually a JavaScript framework with a variety of optional user interface building
tools [11]. One of the biggest advantages of using Vue.js is that it uses components that are separate
entities and can be used countless times in the application wherever there is a need for them. Within
one component there is everything that is needed, which is:

« JavaScript

« HTML

« CSS

Because of this, there is no need to write a special CSS and create a large file that is hardly sustainable
in the majority of cases.

The purpose of Vuels is to display all necessary information to the user, allowing them to interact with
the background of the application. Web Sockets are also present here (on the client side, a client's Web
Socket script is running) and awaiting a message from the server. After receiving the message, further
control over the data is taken over by Vuels and it displays it to the user in a proper way.

RaspberryPi
Raspberry Pi is a cheap computer (microcontroller) size of a credit card that connects to a monitor or

TV, and uses a standard keyboard and a mouse. It has features similar to a desktop computer, from
Internet browsing and high definition video reproduction to creating tables, text processing, and game

play.
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For the purposes of this application, the Raspberry Pi 3 Model B was used, as shown in Fig. 2, where
it acts as a stand-alone web server [12]. It uses nginx as an HTTP server that processes requests and
then sends them to be executed on PHP or NodeJs depending on the request.

Figure 2. Raspberry Pi with accompanying equipment

Aside from the listed used items, it also has a MySql database for data storage and PM2 in it [13].
PM2 is a process manager for NodeJs and a production tool that is raised automatically if for some
reason the server drops and reboots. It has a load balancer built in, which is used if the traffic is very
large, so the server instances are raised to multiple machines and work together for better performance
and in order to respond to all the incoming requests.

In the end, a display of the temperature values shown in Fig. 3.

Dashboard

Temperature
Curtenttemperature: 25°C

Figure 3. Temperature - pages
CONCLUSION

Serbia has great agricultural potentials that are not nearly as used as they could be. Smart
environments enable the cultivation of the best quality organic products that can be competitive all
over the world with their quality and price. With relatively small investments, small farmers can also
have their own smart environment systems and monitor the cultivation of their agricultural crops. With
the help of data processing, the right cultures for planting and cultivation on the parcels can be
selected, as well as the best possible solutions for certain types of agricultural crops grown. An
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additional benefit for both small and large agriculturists is in reducing the costs of fertilizing and
watering the agricultural plots. The data, collected through these smart systems, can have a wider use
for other manufacturers, if it was available to them. A smart agricultural environment can ensure the
progress of the agricultural sector and improve the standards of agricultural producers with maximum
utilization of natural resources.
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Abstract: This work represents method of easier and faster way to gain knowledge about historical buildings.
The 20 % facilities in Republic of Slovenia were built between 1857- 1948 while 75 % of all were built before
1989. In the Regional Archives there are many fewer plans. And data base is sufficient of data. Exploring
historical is financially demanding and time-consuming — it lasts for 9 months to 2 years.

By Knowledge Management technology which based on databases, enable discovering new knowledge and
predicting new solutions. This paper represents our way to collect and search new knowledge about historical
building.

Key words: historical building, knowledge management, database

INTRODUCTION

During reconstruction and maintenance of buildings we need to collect information about building in a
faster and easier way. One of the most important reason why we need to do is BIM. By introducing
BIM technology, investors realizing that there are fewer additional and unexpected works, and thus
less additional costs. Construction contractors register fewer disruptions in the project, and easier and
more efficient planning of work and matters regarding material, [1]. In order of the implementation of
the European Public Procurement Guideline, [2], it may be required in the future, that projects for the
renovation of historic buildings and cultural heritage facilities are made with BIM or similar tools.
Therefore, it is necessary for the historical objects to fill the gaps brought by the lost plans and to
shorten the phase of analysis of the existing object. The main phase in the project of reconstruction of
the historical building is the analysis and research of the existing building, [3]. Research relating to
any segment of the renewal of facilities is carried out individually, and the results of research, together
with the executed project, usually end up in drawers of individual companies or offices at the local or
national level. Detection of historical values during reconstruction, renovation or conservation of a
building presents an increase in the risk for the investor and a disruption of the project for the
contractor. Reconstruction projects compared to the projects of the new building are not only more
complex (because of the interaction between the old and the new), but they are also more demanding.
This is mainly due to the lack of knowledge of materials, construction laws and interactions between
them, [4]. By introducing advanced knowledge management technologies based on databases,
ontologies, and methods of artificial intelligence, we can, by searching for patterns of common
characteristics, fill the gap that appears due to insufficient information about the historic building or
the cultural heritage building, even where the projects have been lost over a long period of existence.

MATERIAL AND METHODS

Common characteristics

What do have together the objects in Figures 1 and 2?
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Figure 1. Koéevarjeva Figure 2. Kajuhova 13 (photo by Daniela

Dvornik Perhavec, 2018)

The design planes of these objects are shown in Figures 3, 4 and 5.

Figure 3 and 4. Design planes from building Kocevarjeva 4 from 1912 (vir:
Pokrajinski Arhiv Maribor SI_PAM/0011/034/00001 MA/315-004.jpg and

006.jpg).
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Figure 5. Design planes from building Kajuhova 13 from 1909 (vir: Pokrajinski Arhiv Maribor
SI_PAM_0011-026-0015-MA/251_003.jpg).

The past research work, in which we analyzed literature, construction legislation and plans of existing
historic buildings, namely residential buildings of ground floor + floor for the period 1857-1948, led
us to the realization that individual elements of the building can be described with parameters. At the
same time, we construct relational databases on the basis of which we can produce a predictive model
of the same elements for random objects. The relevance of the results was checked on random
buildings of the same purpose and floor level from the same period, [5].

In this issue we described several buildings with the use of knowledge moddelling langue as
follows:

(A) research of the archived plans (Figures 3,4 and 5),

(B) identification of building’s basic structural elements (Figure 6),

© description with RDF triples (Figure 9).

The first (A) and second (B) phase include very hard work which lasted a lot of time.

In the end of phase C) we concluded, the many common characteristics have been found in the
different buildings in different places.

EXPERIMENTS

When taxonomy was made, the started with ontology development.
Figure 6 is shows decomposition of building and the workflow to transfer knowledge to ending users

Figure 6. Decomposition of building and workflow of the algorithm based on knowledge modeling
langue
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Software tool Protege was used for development of ontologies. Ontology contains information about
location, ownership, thickness of the main loadbearing walls, material of main walls, levels of floors
and thickness of walls in each floor and the characteristics of buildings material. SPARQL language
was used to query the ontology.

Moreover, by building ontologies of "building” and "material” that can be developed independently,
we have met the knowledge management conditions by searching for both ontologies, [6].
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Figure 7: Ontology with instances from different Buildings (from Figures 3-5)

Baroness” Hause reconstruction project (Figure 8) was used for validation of the approach. The
ontology uses concept “zgradba” (in slovene
http://www.semanticweb.org/daniela/ontologies/zgradba#) for ,,building”. The following SPARQL
example displays existing knoowledge related to the Baroness’ Hause (Prezihova street 8).

8 \\\

In the SPARQL following commands were used:
PREFIX zgradba denotes the used namespace,
SELECT DISTINCT: displays only distinct results (without duplicates),
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WHERE: contains results to specific set.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX zgradba: <http://www.semanticweb.org/daniela/ontologies/zgradba#>
SELECT DISTINCT *
WHERE { zgradba:Stavba_Prezihova8 ?p ?0.
MINUS { zgradba:Stavba_Prezihova8 rdf:type ?0. }

}

RESULTS AND DISCUSSION

With the results (Figure 9) we can support the reconstruction project [7].
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Figure 9. Results of the SPARQL query

A designer can use the knowledge-based system to obtain information about buildings, which decrease
the number of physical inspections on-site (Figure 10). With this knowledge can supporting also other
users, which need information about building.
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Figure 10. Baroness” Hause new design plan to
first floor (by Styria Architecture d.0.0.)
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reconstruction (photo by: Bogdan
Dugonik, 2016)
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CONCLUSION

The model offers brooder interdisciplinary integration of different areas of expertise, i.e. location, arts,
sustainability, energy efficiency, etc, [8, 9].

In the interdisciplinary field of historical building or cultural heritage buildings, we want to introduce
machine learning, which through data mining in databases and with the help of knowledge bases
(ontologies) contribute to more efficient information management, including in the management of
buildings and other construction objects. For example, we are looking for data on the built material,
where we define the material or manufacture year of brick, we follow the paths of the architect or
building master or the occurrence of an artistic and historical building element. The use of system
theories gives a broader insight into the field of historical buildings. With the development of
ontologies, we create an environment for the joint use of knowledge, [10], which in the context of
science is a new look at the historical building or cultural heritage object. This approach will provide
new and innovative guidelines in the management and maintenance of historical buildings, thus
contributing to the development of technical, social and humanistic fields. By complementing and
linking the ontologies, we will endeavor to obtain a sufficiently good basis not only for conservation
or restoration activity but also for multi-parameter modeling, for example, the link between energy
consumption and the rehabilitation of buildings, forecasts of investments for maintenance needs, art
historical and architectural valuation, valuation of real estate, and more. This will create new
knowledge that will contribute to science and an interdisciplinary approach.
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Abstract: This work represents a case study of responsive web design and search engine optimization education
on study programs in the field of IT in the Higher Technical School of Professional Studies in Novi Sad, Serbia.
The role of SVG graphics in responsive web design is discussed in detail, as well as the impact of this graphics
format on search engine optimization. Herein, curriculums of subjects dealing with SVG graphics and responsive
web design are given. This paper contains examples of students’ projects including SVG graphics on websites.
Key words: HTML 5, SVG, Responsive web design, Search engine optimization

INTRODUCTION

The World Wide Web plays a very important role in promoting business in all fields of industry. One
can hardly imagine a successful company without a web site. According to [1], among many other
benefits of digital marketing when compared to the traditional way, digital marketing is cost efficient,
there is an ability of interaction with the audience, an ability of global (international) promotion, etc.
But now there is a new trend - the use of mobile phones for surfing around the internet increases year
by year. At [2] one can find the fact that mobile internet traffic as share of total global online traffic in
2018 is 51,2%. Specifically, this number is much higher in Asia - even 65.18%, see Fig. 1. This means
that people use mobile phones for reaching websites more often than desktop devices. On [3] we can
find many other interesting facts about the increasing number of mobile ecommerce accounts, mobile
share of digital numbers, smartphone conversion rates, etc. On the other hand, the same source claims
also an increasing number of internet users that would not recommend business with poorly designed
website on mobile devices. Hence the need of responsive web design.

H The Statistics Portal
statista®a SR e e e tom. o5 it Q3]

Statistics -~ Reports - ExpertTools - Infographics Services -  Global Survey -

Internet > Reach & Traffic > Share of mobile internet traffic in global regions 2018

DOWNLOAD

I Mobile internet traffic as percentage of total web traffic in April 2018, by region

PIlG QPDF ﬁijs EﬁPPT

DESCRIPTION

This statistic illustrates mobile internet traffic as
percentage of total web traffic in April 2018, sorted by
region. In as that month, mobile devices excluding
tablets accounted for 51.2 percent of web page views
worldwide. Over 65 percent of webpage views in Asia
were generated via mobile.

3351% 2 % 8

0% 10% 20% 30% 40% 50% 60% 70% 80%

Share of total web page views

Figure 1. Mobile internet traffic as percentage of total web traffic in 2018, [2]

According to [4], responsive web design is “an approach whereby a designer creates a web page
that responds to or resizes itself depending on the type of device it is being seen through.«

316


mailto:krunic@vtsns.edu.rs
mailto:gemovic@vtsns.edu.rs

VI International Conference Industrial Engineering and Environmental Protection 2018 (11ZS 2018)
October 11-12t, 2018, Zrenjanin, Serbia
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Figure 2. Responsive web design, [4]

There are many problems that can occur on traditional, not responsive web sites. Lunching such
websites on small mobile device screens can be rather complicated. For example, images with large
dimensions can break the layout forcing the visitor to use the quite uncomfortable horizontal scroll. If
such images are heavy, things are much more complicated, since this can cause a slow loading of the
page. Technically, responsive web design is a mix of flexible grids and layouts, as well as the use of
CSS3 media queries which enable us to use different styles for different screen resolutions, [6].
Publishing a web site at the WWW is not enough to increase a company’s business. If users cannot
easily find it using a search engine like Google, the whole project is just a waste of time and money.
So a set of steps called SEO (Search Engine Optimization) is needed to be performed in order to reach
a high rank at Google, [7]. Those steps include on-page (keyword optimization, meta tags
optimization, title optimization, including alt texts for images, content and link optimization) and off-
page steps (social media marketing and link building), [8].

In the next section we will discuss the impact of using SVG graphics on responsive web design. In
addition, we will mention other benefits of using SVG graphics on web sites, such as a positive impact
on search engine optimization. The third section is devoted to our case study of using SVG images in
responsive web design education in The Higher Technical Education School of Professional Studies.

SVG GRAPHGICS IN MODERN WEB DESGIN
SVG graphics

SVG - Scalable vector graphics is an XML based markup language used to describe two-dimensional
vector graphics. It is an open standard developed by the World Wide Web consortium since 1999.
SVG images are defined as XML text files, so they can be searched, indexed, scripted and compressed.
Since they are in XML format, they can be created and edited in any text editor or drawing software,
[9], [10]. If an SVG is created in a text editor, then we simple use as shown in Fig.3.

<!DOCTYPE htmls»
<html>
<body>

<svg width="300" height="200">
olygon points="10@,16 4@,198 190,78 10,78 160,198"

Fill:lime;stroke:purple;stroke-width:5;fill-

odd;" />

your browser does not support inline SVG.

</body>
</html>

Figure 3. Creating SVGs in text editor by writing code, [11]

On the other hand, there are many graphic programs which may be used for creating icons, web
banners, and other graphics which support exporting the final version into a SVG format which can
then easily be included in the web page (Adobe Illustrator, Photoshop, etc.). But for the purpose of
education, free tools are preferred. A list of Top 15 free SVG graphics tools is given at [12]. Let us
mention thee of them: Raw — supports online creating SVG graphics, as well as animations, Inkscape —
vector graphics editor good for logos and other illustrations, Method draw — a free web tool for editing
SVGs.
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SVG and responsive web design

For illustrated icons on web sites, the source [13] recommend the use of SVGs instead of JPG file
format. The reason is very simple: SVGs are vector graphics (a combination of lines created using
mathematics) so they can easy be resized, whereas JPGs are raster graphics (they use pixels -small
squares of color) and resizing can cause a loss of the image quality.

SVG and SEO optimization

According to [14]-[16], there is a positive impact on SEO when using SVGs on a web site. Let us list
some of the benefits. First of all, SVGs are code, so such files are mainly of small size, (even at
graphic with large dimensions). This means that pages using SVGs load faster, wich is a well known
to have positive impact on SEO. The same holds for animations. Namely, animations created as
vector graphics are also of significant lower size than those create in gif format. That’s why it’s
efficient to use tools for SVG animations, like SVG gator, [17].

LR L
3 »

an B
| N

Figure 4. Comparison between gif an SVG animations, [17]

The source [15] claims that the best practice is to have a separate SVG file called in by using an <img
src="file.svg" alt="youralttaghere">. This is because SVGs don't have an alt attribut, and are using the
title attribut insted. On the other hand, the content of the alt attribut is more respected by google bots
than the content of the tite attribut. At Fig. 5 we can see an example of a SVG logo at the
https://eipix.com/ website.

=Mpreloader">

ass="preloader-logo" src="/assets/images/footer-logo.svg" alt="Eipix - Creating

ice">
screen-reader-text" href="#main">S5kip to content</a>

—header navbar-fixed-top">
tainer">

W¥E=r]loqo" href="httpa://eipix.com/" rel="home">
<img sre="https://eipix.com/wp-content/themes/eipix/assets/images/logo.svg” />

class zo" href="https://eipix.com/" rel="home">
<img srec="https: oI i
>

r—- .site-branding -->

Sticky-logo.s=

<button class="menu-toggle"><i></i><i></i><iv></i></button>

n Advantages of SVG | X M| 5 reasons you shoul X Are SVG images goc X Eipix Entertainment X [IECENSELISUWESIS TN |
= () Q‘ @ view-source:https://eipix.com/wp-content/themes/eipix/asset - @ {? Search I 0 =
~
<!-- Generator: Adobe Illustrator 19.0.0, SVG Export Plug-In . SVG Version: €.00 Build 0) -1

<svg version="1.1" id="Layer 1" smlns="http://www.w3.org/2000/svg" xmlns:xlink="http://www.w3.0rg/1995/x1ink" x="0px" y="0px"
viewBox="-255 323.7 100 146.3" style="enable-background:new -255 323.7 100 146.3:;" xml:space="presesrvs">

<style type="text/css">
.st0{fill:43C3C3C:}

</style>

<path class="st0" d="M-232.5,446.9c0.4-0.6,1-1.1,1.7-1.3c0.4-0.1,0.8-0.2,1.3-0.2c1.4,0,2.7,0.2,3.9,0.5v1.6c-0.2,0-0.3,0-0.4,0
c-0.1,0-0.3,0-0.4,0¢c-0.2,0-0.4,0-0.6,08-0.4,0-0.6,0c-0.5,0-0.9,0-1.3,0c-0.4,0-0.7,0-0.9,0.1¢c-0.2,0-0.4,0.1-0.6,0.3
c-0.2,0.1-0.3,0.3-0.4,0.6c-0.2,0.6-0.3,1.5-0.3,2.7s0.1,2.1,0.5,2.7<0.3,0.6,0.9,0.8,1.7,0.8¢1,0,1.9,0,2.9-0.1h0.5v1.&
c-0.9,0.3-2.1,0.4-3.5,0.4¢-0.1,0-0.2,0-0.3,0c-1.4,0-2.3-0.5-2.9-1.4¢c-0.6-0.9-0.9-2.3-0.9-4.1C-233.6,449-233.3,447.7-232.8, 446
z"/>
<path class="st0" d="M-218.5,445.621,0,1.7,0.2,2.2,0.720.6,0.6,0.9,1.4,0.9,2.6c0,1.4-0.3,2.3-0.9,2.7c-0.2,0.1-0.3,0.2-0.4,0.3
¢-0.1,0-0.2,0.1-0.4,0.112.1,4.2h-2.41-1.6-4.11-1.58-0.2v4.3h-2.1v-10.7h4.7V445. 62 M-221.2,450.5n2.5¢0.4,0,0.7-0.1,0.8-0.3
c0.2-0.2,0.3-0.6,0.3-1.2c0-0.6-0.1-1-0.3-1.2¢-0.2-0.2-0.5-0.3-0.8-0.3h-2.5V450.5z"/> L2
< >
svg A |~ | Highlight Al Match Case Whole Words 6 of 21 matches X

Figure 5. An example of a SVG graphic on a website
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In addition, SVG images are easier are easier for search engines to navigate through since they are in
XML format.

SVG and web game development

According to [18] - [20], web games are the future of computer games. In other words, games created
in HTML 5 using JavaScript have many advantages in comparison with classical computer games:
Cross platform support, Accessibility, Global promotion, Easy update, Technology Stacks an there is
no need of download software and installation on the users’ device. SVG together with canvas are a
building block of these web games, [21].

SVG GRAPHIS IN WEB DESIGN EDUCATION

Responsive web design was first introduced in 2010 in the online magazine A list Apart, [22] but was
performed in practice since 2011. In the Higher Technical Education School of Professional Studies,
there are two study programs in the field of web development: Web design and Information
Technologies. Topics on responsive web design are included in subjects Introduction to web design
(Grid System, Twitter Bootstrap) and Internet Tools and languages (CSS3 media queries) since 2013,
[23]. Topics on HTML 5 and SVG graphics are included in subjects Practicum since 2014
Introduction to internet technologies since 2016. At Fig. 6 and 7 we can see students’ works on
websites including SVG graphics. On these two subjects students learn to create SVGs by HTML 5
coding.

Sorry, your browser does not support inline SVG.

Figure 6. Students’ work including coded HTML 5 SVG graphics

O T e o e e O S
<svg id="svgelem">
O s <radialGradient id="gradient" cx="50%" cy="50%" r="50%" fx="50%" fy="50%">

<stop offset="25%" style="stop-color:rgh(0, 97, 255); stop-opacity:0"/>
i <stop offset="100%" style="stop-color:rgb(0,0,0); stop-opacity:1"/>
</radialGradient>
<ellipse cx="100" cy="50" rx="80" ry="40" style="fill:url(#gradient)" />
<text x="70" y="55" font-size="20" fill="black" float="center" class="srbart">Srb</text>

<text x="105" y="55" font-size="20" fill="#0061ff" float="center" font-weight="bold"
class="srbart">Art</text>

</svg>

igu re 7. Students’ work including coded HTML 5 SVG graphics

As a support for responsive design and SEO, topics concerning SVGs are newly included in the
subjects Computer graphics and Computer animations. The main idea was that students learn to create
SVGs by graphic tools and to include them on websites later. Below we can see a list of topics of the
two aforementioned subjects.

Main topics of the Computer graphics and Computer animation subjects.

1. Primary components of graphics processing; Application of computer graphics: Classification of
graphic applications, Conceptual frame for interactive graphic

2. Graphic systems: What does the connection between computers and graphic applications allow?
Diagrams and graphs: Projecting using a computer; Virtual reality; Data Visualization

3. Graphic software hierarchy: Simple graphic libraryes;

4. Visualization tools, Modeling tools, Rendering tools, Animation tools, Simulation tools, Virtual
reality tools, Web3d tools, Format conversion tools
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5. Geometric transformations: 2D computer graphics; Orthogonal projections, 3D graphics

6. Vector and raster graphics

7. Graphic file formats

8. Graphic communication; Color theory

9. Graphic hardware: Input devices, Pointing input devices; Output devices

10. Types of modeling: Wire model, Volume presentation, Procedural models

11. Computer animation: Types of lightning — light sources, Types of reflection, Shading techniques,
Hidden surfaces technigues, Camera placement

12. Graphic formats: Configuration of the image file, Image compression, Color reduction methods,
Most used graphic formats.

Computer graphics exercises are divided into two parts and are representing two seven week courses,
in which students are taught how to work in programs CorelDraw and Indesign.

Animation exercises include working in 3D Max and last for 14 weeks.

SVGs are a part of the theoretical topic File formats and Format conversion tools. In addition, students
learn how to export their final illustrations and animations to SVG formats in all of the aforementioned
graphic programs.

As a result of all these efforts, our graduated students use SVG graphics and animations when they
create their web sites. In addition, they are able to scale those graphics using CSS3 media queries in
order to fit screens of various devices. Also, they use CSS to animate them. Below we can see an
animation given on the homepage of a website created for the purpose of a student’s final work,
Error! Reference source not found.. The animation consists of SVG graphics and an appropriately
created CSS animation. It lasts 1 second and it repeats itself back and forth infinite number of times.
With keyframes we ordered that element will scroll from initial size to size that is 1.3 times bigger
than initial, Fig 3. The image used for the animation was created in a graphic program and exported to
SVG. The obtained code can is given in Fig. 9. At Fig. 10 we can see the CSS 3 code of the animation.

‘. Potetna “ Vrstesporta 0 nama Akeije Kontakt ” ‘Potetia | Vrstesporta 0 nama Akeije Kontakt

- &N

Figure 8. Animation football sneaker

<section class="svg_element">
<svg width="410px" height="270px" viewBox="0 0 480.043 480.043">

<path d="M432.7,341.222¢-4-0.1-8-0.1-12.4-0.1c-6.5,0-12.199,0.1-
17.8,0.415.7,31.299¢0.2,1.301,1.4,2.201,2.7,2.201h27.7 ¢1.3,0,2.399-0.9,2.699-2.20116.5-31.6¢-1.699,0-3.3,0-
5,0C439.601,341.321,436.3,341.321,432.7,341.2227" fill="#fff"/>

<path d="M334.3,373.321¢0.2,1.301,1.4,2.201,2.7,2.201h27.7¢1.3,0,2.4-0.9,2.7-2.20116.2-30.6¢-12.301,0.5-27.601,1-
445,15 L334.3,373.321z" fill="#fff"/>

<path d="M119.4,377.622¢0.2,1.3,1.4,2.199,2.7,2.199h27.7¢1.3,0,2.4-0.899,2.7-2.19915.8-28.5¢-17.5,0.4-32.6,0.699-
43.9,0.9 L119.4,377.622z" fill="#fff"/>

<path d="M49.8,343.72216.2,33.9¢0.2,1.3,1.4,2.199,2.7,2.199h27.7¢1.3,0,2.4-0.899,2.7-2.19915.7-27.7 ¢-14.8-0.7-
30.2-3.601-44.4-8.3C49.9,342.321,49.7,343.022,49.8,343.7227" fill="#fff"/>

<path d="M437.7,145.422¢-10.7,0-9.7,32.4-32.5,40.7c-11,4-21.6,5.6-30.9,5.6¢-16.6,0-29.3-4.9-34-9.5 ¢-7.399-
7.2,59.801-29.9,45.4-49.4]-22-29.5¢-1.5-2-3.8-3.1-6.1-3.1¢-1.5,0-3,0.5-4.4,1.51-73.8,54.2¢0,0-28.2,0-33.1,16.5 ¢0,0-0.801-0.1-2.201-0.1c-
6.1,0-22.699,1.3-27.199,15.2¢0,0-69.9,13.8-111.6,36.2¢c-41.6,22.301-105.3,21-105.3,56.5 $56.4,59.2,101.1,59.2¢44.7,0,269-6.8,300.4-
8.601c6.7-0.399,13-0.5,18.9-0.5c8.399,0,15.899,0.201,22.5,0.201 ¢23.8,0,36.1-3,36.5-30.301¢0.6-40.199,5.5-102.4-25.101-
141.3C446.4,149.222,441.3,145.422,437.7,145.4227 M292.2,302.222h-37 ¢-0.7,0-1.3-0.3-1.8-0.6991-80.3-73.5¢-1.6-1.5-0.9-4.1,1.1-4.6128-
7.5¢0.9-0.2,1.9,0,2.5,0.6189.399,81 (C295.9,299.122,294.7,302.222,292.2,302.222z M366.9,302.1221-39-0.5¢-0.7,0-1.3-0.301-1.8-0.7I-
99.601-90.3 c-1.6-1.5-1-4.1,1.1-4.7127.9-7.5c0.9-0.2,1.801,0,2.5,0.61110.8,98.299C370.601,299.022,369.4,302.122,366.9,302.1222"
fill="#9c3901"/>

</svg>

</section>

Figure 9. HTML 5 code of the SVG
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main .svg_element { @keyframes anim1 {
margin: auto; from { transform: scale(1) }
margin-top: 8%; to { transform: scale(1.3) }
margin-bottom: 11%; }
width: 22%;

animation-name: anim1;
animation-duration: 1s;
animation-iteration-count: infinite;
animation-direction: alternate;

Figure 10. CSS 3 code of the animation

CONCLUSION

Responsive web design and search engine optimization are an important part of web development, so
it is an imperative for any undergraduate study program in this area to include subjects dealing with
these topics. Since SVG graphics plays an important role in responsive design and SEO, it is clear that
topics on SVGs have to be included in the curriculum, too. Herein, we have presented a good practice
on teaching topics concerning SVGs in the Higher Technical Education School in Novi Sad on study
programs in the field of IT.

The aim of our institution is to accredit a master study program in the field of IT. One or two subjects
would be devoted on web game modeling and development. The knowledge of SVG graphics would
be significant for those subjects.
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Abstract: In this work, we have presented basic characteristics, goals, strategies, elements and an example of a
CRM (Customer Relationship Management) application in banking sector. Many businesses such as banking
industry realize the importance of CRM and its potential to help them acquire new customers retain existing ones
and maximize their lifetime value. CRM is a business strategy designed to reduce costs and increase profitability
by increasing client loyalty. This paper provides an example of a implemented CRM application for banking
industry. The CRM process includes creating a data base with the data necessary for interaction between a bank
and a client. Also, CRM application has been implemented for the purpose of the paper. In this work we
presented the advantages and disadvantages of the CRM application as well as the possible solutions of existing
problems in this field of study.
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INTRODUCTION

CRM (Customer Relationship Management) is a 