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INTRODUCTION

Departments of Mechanical engineering and Department of Environmental protection of Technical
Faculty "Mihajlo Pupin”, Zrenjanin, has organized the XI International Conference Industrial
Engineering and Environmental Protection — 11ZS 2021.

The topics of scientific conference «lI1ZS 2021», cover the fields of Industrial engineering and
Environmental protection: Mechanical engineering, Energetics and process technique, Designing and
maintenance, Oil and gas engineering, Health and environmental protection, Environmental
management, Occupational safety and Engineering management.

The main goals of the conference are: 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 would like to express our gratitude to 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 for supporting
the organization of the 11" International Conference «lIZS 2021». We are also grateful to all the
authors who have contributed with their papers to the organization of the scientific meeting «l1ZS
2021».

We would like to extend our special thanks to the Ministry of Education, Science and Technological
Development, Republic of Serbia and the management of Technical Faculty “Mihajlo Pupin”,
University of Novi Sad, for supporting the organization of the Conference «I11ZS 2021».

The 11ZS Conference became a traditional meeting of researchers from all over the world, every year.
We are open and thankful for all useful suggestions which could contribute that the next, XIlI
International Conference - Industrial Engineering and Environmental Protection, become better in
organizational and program sense.

Chairman of the Organizing Committee
Asst. prof. Snezana Filip

Zrenjanin, 7 - 8" October 2021.
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SURFACE WATER QUALITY ON CERNA RIVER
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Abstract: The paper presents the results obtained during implementation of a research project coordinated by
two relevant education and research Balkan institutions, University Politehnica Timisoara and University of
Belgrade, project financed thru Interreg IPA-CBC Romania-Serbia programme.

The project teams performed extensive evaluation of environmental current situation in cross border “sister”
Danube banks nature reservation Djerdap (Serbia) and national parks Iron Gate (Romania), and on several
Danube tributaries and two wet lands: Carska-Bara special nature reserve and Delta Nera nature reservation.
This paper presents in detail the results obtained for surface water quality analysis on Cerna River, the hart of
nature protected area of national park Domogled — Cerna Valley, in Southern Carpatians.

Key words: Surface water quality, heavy metals, Cerna

INTRODUCTION

Cerna River flows thru The Domogled-Valea Cernei National Park is a protected area (national park
category Il IUCN) situated in Romania, on the administrative territory of counties Caras-Severin, Gorj
and Mehedinti. The National Park stretches across over the Cerna Mountains and the Godeanu
Mountains on the right side, and over the Valcan Mountains and the Medinti Mountains on the left
side. It is located in the Retezat-Godeanu Mountains group, a group of mountains in the Southern
Carpathians, in the Cerna River basin. Domogled-Valea Cernei National Park, with an area of
61211 ha was declared protected area by Law Number 5 of March 6, 2000 and represents a
mountainous area what shelters a large variety of flora and fauna, some of the species very rarely or
endemics. [1]

During the past decade, after communism fall in 1989 in Romania, national natural resources in faced
a lack of protection and/or enforcement of protective rules. This started to change in early 2000’s after
constant NGO’s endorsement and awareness activities, and the protection of natural areas became
significant since Romania became part of EU. EU water policy has successfully contributed to water
protection over the past three decades. Pollution from urban, industrial and agricultural sources is
regulated and this has brought about significant improvements in the quality of European waters,
particularly by reducing an excess of nutrients. As a result, iconic fish species such as salmon and
sturgeon have, in some places, returned to European rivers. [2]

As a sensitive topic, our team analyzed in 2020 the surface water quality on Danube (in Iron Gate /
Djerdap national park’s) area and Danube’s main tributaries in this area: Nera, Pek, Porecka, Cerna
and Berzasca. In this paper the obtained on Cerna river are presented.

MATERIALS AND METHODS

Sampling is a vital part of monitoring the quality of water. Every precaution must be taken to ensure
that the sample collected is as representative as is feasible of the water source or process being
examined.

The in-situ analysis (for pH, temp, total hardness and dissolved oxygen) were performed on site. All
samples were preserved in-situ for laboratory analysis with acids: HNO; (nitric acid) for metal
concentration analysis on ZEEnit 700P, HsPO. (phosphoric acid) for Total Nitrogen analysis on
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Analytik Jena Multi N/C 3100 and H,SO. (sulfuric acid) for Chemical Oxygen Demand analysis on
Velp Eco6 and ammonia, phosphor, nitrite, nitrate, phosphate, a.0. on Analytik Jena Specord 250plus.
All samples taken were analyzed in-situ or at the end of the sampling day.

Surface water sampling on Cerna River was conducted in 19 October 2020 in 6 sampling
points/locations upstream river. Samples were analysed in situ or preserved for laboratory analysis. In
figure 1 the sampling points coding and geographical position can be observed.

$ Q.
Baile Herculane

Image Landsat!/ Copernicus

Fig. 2. Sampling points for water qualit analysis on Cerna River.

RESULTS AND DISCUSSION
The results obtained from sampling campaigns, in 19 October 2020 are given in Tables 1.

Table 1. Results obtained for parameter analysis in samples of Cerna, on 19th October 2020

Parameter Unit Measured values — 19t October 2020 Eco
C1 Cc2 C3 C4 C5 C6 state
pH - 7.34 7.33 7.38 7.42 7.38 7.31 -
Conductivity pS/cm 372 394 388 389 378 377 -
Oxygen concentration
Dissolved oxygen (DO) mgO2/I 5.7 6.8 9.9 10.1 10.5 10.2 Ist—pnd
Ee"rﬁ;‘ﬁg”;‘,;aggxiggg os) | Moo | 74 65 | 31 | 23 | 22 | 22 | -
%‘gg'faé‘)c)g?gr‘)dema“d mgo/l | 181 | 165 | 84 | 72 | 69 | 69 | ©t-nm
Nutrients and general ions concentrations
Sodium (Na+) mg/l 3.6 3.2 3.2 35 34 34 Ist
Calcium (Ca2+) mg/l 41.2 38.9 39.1 29.8 334 27.9 Ist
Ammonia (NHy¢) mg/I 0.74 0.65 0.11 0.09 0.07 0.09 Ist— pnd
Nitrates (NOgz’) mg/I 0.34 0.33 0.22 0.14 0.12 0.12 It
Nitrites (NO2) mg/I 0.028 0.028 | 0.017 | 0.012 0.014 | 0.014 It
g_ﬁ’&?_‘)’s'ohate mgl | 009 | 008 | 006 | 006 | 006 | 005 It
Sulphates (S04?) mg/| 37.2 40.5 34.1 22.4 5.4 438 Ist
Chloride (CI") mg/I 0.6 0.6 0.3 0.2 0.2 0.2 It
Total Nitrogen (TN) mg/I 0.89 0.77 0.54 0.52 0.49 0.51 It
Heavy Metals concentrations
Mercury (Hg) pg/l 0.030 0.026 | 0.015 | 0.011 | 0.014 | 0.011 It
Arsenic (As3") pg/l 0.088 0.087 | 0.087 | 0.088 | 0.086 | 0.079 It
Lead (Pb) pg/l 0.054 0.016 | 0.018 | 0.014 | 0.016 | 0.017 It
Zinc (Zn2") pa/l 12.1 12.8 10.1 8.9 8.8 7.5 It
Cadmium (Cd) pg/l 0.007 0.005 | 0.006 | 0.005 | 0.005 | 0.006 It
Manganese (Mn - total) mg/l 0.057 0.061 | 0.055 | 0.049 | 0.051 | 0.032 1jnd
Iron (Fe — total) mg/I 0.462 0.511 | 0.499 | 0.397 0.421 | 0.394 1|nd




XI International Conference Industrial Engineering and Environmental Protection 2021 (11ZS 2021)
October 07-08, 2021, Zrenjanin, Serbia

In the next figures graphical representation of results obtained on surface water analysis on Cerna
River are presented.

Oxygen concentration

Sampling point st (<3) 1 (<5)

Cerna
15t (>9)
c6
c5
ca
c
I (<10) 1" (<25)
c2
c1
mgO0,/I
0 1 2 3 4 5 6 74 8 9 10 11 12 13 14 15 16 17 18
M Chemical oxygen demand (COD — CCO-Cr) M Biochemical oxygen demand (BOD — CBO5) M Dissolved oxygen (DO)
Fig. 3. Cerna River. Concentrations obtained for DO, COD and BOD5.
Sampling point Concentration of Manganese (Mn), Cadmium , Lead (Pb), Arsenic (As), and Mercury (Hg)
Cerna
e ——— Fixen)
C6
It (< 0.1)
c5
I*t (< 5)
| *(<10)
c4
c3
Q2
pg/l
c1 (Mn in mg/1)
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

® Manganese (Mn - total) Cadmium (Cd) mLlead (Pb) mArsenic(As) m Mercury (Hg)

Fig. 4. Cerna River. Concentrations obtained for Mn, Cd, Pb, As and Hg.
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Sampling point Orthophosphate (P-PO,*), Nitrites (NO,) and Nitrates (NO;') concentration

Cerna |5t (< 0.01)
It (<0.1) Ft(<1)

C6

c5

ca

(e}

2

I (< 0.03)

Cc1

0 0.1 0.2 03 mg/l
m Orthophosphate (P-PO43-)  m Nitrites (NO2-)  m Nitrates (NO3-)

Fig. 5. Cerna River. Concentrations obtained for P-PO,*, NO, and NOs".

In terms of water quality Cerna River can be considered a “text book” river. In its upper (wilder) part
all analyzed parameters (dissolved oxygen, biological oxygen demand, chemical oxygen demand,
nitrites, nitrates, ammonia, phosphates, and total nitrogen) were all in I* class, HIGH water quality.
However, after Cerna passes first human settlements, Baile Herculane, Toplita and gets tributary from
Belareca river, on its last ~20 km the water quality decreases dramatically, “transforming” itself into
GOOD/MODERRATE quality river.

CONCLUSION

The surface water quality of Cerna river can be classified as HIGH -quality in its upper side (largest
portion of river while it’s quality decreases immediately as the Cerna river passes thru Baile Herculane
city and becomes MODERATE.

The main stresses identified on Cerna river are from Baile Herculane city and Barza and Toplet
villages waste waters, as not all houses are connected to the waste water system, contributing to
pollution of surface waters.
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Abstract: The paper explains the need for energy renovation of public and other buildings and the regulatory
framework (regulations and program procedures) through which this is sought. Important parameters of energy
renovation of 48 school buildings in Osijek-Baranja County were processed and analyzed in more detail within
the projects contracted in 2017 and 2018 (co-financed from the European Structural and Investment Funds
within the Operational Program "Competitiveness and Cohesion™ 2014—2020). The content of energy renovation
works and their frequency in buildings and the expected energy savings were presented. The representation of
existing energy classes and their improvement after reconstruction, regarding the construction period were
analysed. The costs of renovation in relation to the age and area of buildings were considered as well. These data
were compared to the results from the previous cycle of family houses’ renovation in the same county (2015—
2016), while the owners were co-financed, without the required minimum of improvement. The problems of the
energy renewal process were highlighted and recommendations for better efficiency were given.

Key words energy savings, school buildings, energy classes, renovation costs, incentive programs.

INTRODUCTION

Energy consumption saving in the EU of 20% by 2020 and 32.5% by 2030 is being planned, and
various operational programs are being implemented at EU and Member State level to achieve this.
Energy efficiency means the usage of a smaller amount of energy consumed for the same level of
economic activity or service. It is considered that by investing in energy efficiency a better economic
and social return are achieved than by investing in energy supply [1]. Except reduced energy costs,
better energy efficiency reduces dependence on energy imports and achieves lower greenhouse gas
(CO2) emissions and better air quality.

People spend most of their time in buildings and the largest share of energy consumption in the EU, as
well as in Croatia, is related to buildings (part of the so-called general consumption), [1, 2, 3]. Bazan-
Krzywoszanska et al. (2016) investigated energy consumption in Eastern European cities and found
that it was mostly generated in residential and public buildings, [4]. The biggest aspirations are to save
energy, as well as to reduce carbon emissions [5], so they are aimed at the construction of new
buildings and measures that can be taken on existing ones. In Croatia, and in the rest of Europe, most
residential and non-residential buildings are more than 30 years old, so the incentive programmes are
focused on improving the energy efficiency of existing buildings. One should bear in mind that in
buildings, regardless of their purpose, over 50% of energy is spent on heating (with which carbon
emissions are mostly associated, [6]), hot water preparation and lighting (in households there is a
higher share of energy consumption for heating and hot water preparation, while in public buildings
for lighting), [7].

In addition to possible savings, it is necessary to calculate the costs of implementing measures to
improve energy efficiency, which is different for each building. Peculiarities arise from the purpose of
the space and construction solution (dispersed layout solutions, number of storeys, type of walls and
roof, heating system, etc.) and the condition of the building, or its maintenance (how worn out the
existing elements of the building are and when they need to be replaced).

LEGISLATION AND INCENTIVES FOR ENERGY RENEWAL

Legislation in Croatia is in line with legislation governing obligations to improve the energy efficiency
of buildings at the EU level. According to the Directive on energy performance on buildings 2010/31 /
EU (EPBD) and Directive on energy efficiency 2012/27 / EU (EED), each Member State establishes a
system of energy efficiency obligations and a long-term strategy to encourage investment in the
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reconstruction of the national stock of residential and commercial buildings, both public and private.
To encourage the renovation of energy-inefficient public buildings, which should serve as an example
to the general public, the EPBD requires states to ensure that 3% of the total floor area of
heated/cooled buildings in a possession and use of the central government is renovated every year
from 2014, [8].

Increasing energy efficiency of residential and public buildings is achieved through the prescribing of
legal obligations and financial incentives.

In Croatia, the Construction Act (2014) stipulates that each building, depending on its purpose, must
be designed and constructed in such a way that during its duration it meets the basic requirements for
the building and other requirements. One of the seven basic requirements for buildings is energy
management and heat conservation, [9]. Regulations only require that buildings are maintained in such
a way that their technical properties are preserved during their lifetime and that the requirements set by
their design and the regulations are met in accordance with which they were built, [10]. According to
the EPBD, in case of a significant renovation of an existing building, EU Member States must take
measures to meet the established minimum energy efficiency requirements, if technically,
functionally, and economically feasible, [8]. Therefore, the Technical Regulation on Rational Use of
Energy and Thermal Protection in Buildings (2015) stipulates that before a significant renovation of a
building (where more than 25% of the building envelope area is renovated) the design engineer should
analyse the existing condition of the building and present measures for the improvement of the
building's existing condition, together with investment assessment in terms of healthy indoor climate
conditions, fire protection and earthquake risks, [11].

Until 2016, there was national (co) financing of energy renovation in Croatia [12], and since 2016 the
renovation of public buildings has been financed from EU funds under the "Competitiveness and
Cohesion" programme (approved by the European Commission at the end of 2014). This operational
programme consists of 10 priority axes, and within Priority Axis 4 Promoting energy efficiency and
renewable energy sources there is investment priority 4c - Supporting energy efficiency, smart energy
management and the use of renewable energy sources in public infrastructure, including public and
residential buildings sector. The Ministry of Physical Planning, Construction and State Property is a
Level 1 Intermediate Body and the specific objectives within its authority are [3]:

* 4c1 Reduction of Energy Consumption in Public Sector Buildings

* 4c2 Reduction of energy consumption of residential buildings (multi apartment buildings and family
houses).

The Fund for Environmental Protection and Energy Efficiency (EPEEF) is a central place for
collecting and investing extra-budgetary funds in programmes and projects for environmental and
nature protection, energy efficiency and the use of renewable energy sources in Croatia. In the system
of management and control of the use of EU structural instruments in Croatia, the EPEEF has the role
of Intermediate Body 2 for certain specific objectives in its field.

Fig. 1 shows the policy and programmes for energy efficiency improvement of buildings in Croatia in
the period 2014-2020.

4cl Reduction
of Energy

Ensrgy enovation programof

Consump tion in
public sector buldings 2014-2020 el e

Pubtic Sactor

Energy novation program for Buildings

family hovses 2014-2020 {contracte S '
871 projects) 4014 Energy renovation of buiidings and the u

Energy mnovation programof ety *7 energy sources in pubiic sector buidings

apartment builkdings 20142020

Enerzgy mnovation programof
commercial buildings 2014-2020
Long -term s trateg v to encovrage investment in the renovation
of the national buikling fund ofthe Republic of Croatia

A plan to incraase the building s to approximately zero enersy

Fig. 1. Review of previous policies and measures for energy improvement of the building stock in
Croatia with emphasis on energy renovation of public buildings (according to [12]).




XI International Conference Industrial Engineering and Environmental Protection 2021 (11ZS 2021)
October 07-08, 2021, Zrenjanin, Serbia

Although the highest consumption in residential buildings (single-family homes and apartment
buildings) is the allocation of budgetary funds under EU cohesion policy for the period 2014-2020 for
energy efficiency investments, it shows that investments in public buildings were slightly more than
twice as high as investments in residential buildings. The investments structure in buildings' energy
renovation in Croatia, according to EPEEF, shows that by mid-2019 the largest investments were in
public sector buildings, slightly less in family houses, and more than half less in apartment and
commercial buildings together (in apartment buildings about six times more than investment in
commercial buildings), [13].

In 2017, the Energy Renovation Programme of Public Sector Buildings was adopted in Croatia with
the aim of raising the level of activities in energy renovation to 3% of the total stock of public sector
buildings per year, reducing energy consumption for cooling / heating of renovated public sector
buildings to 70%, or annual savings of about 50 GWh and fulfillment of energy saving goals of public
sector buildings (buildings of the central state, local and regional government units' buildings
(counties, cities, municipalities), ie buildings owned by the public sector, in which social activities are
performed (education, science, culture, sports, health and social care), etc.), [14]. Croatia has chosen
an alternative approach and an energy savings target, expressed in petajoules (PJ) has been set. The
National Energy Management Information System (NEMIS), which contains information on actual
energy and water consumption in public sector buildings (for more than 14,000 buildings), was used to
assess the energy savings target. The calculated target for Croatia of the equivalent of savings in
energy renovation of state buildings of 3% per year is 0.00489 PJ per year, [2].

In order to transform the existing building stock into an energy efficient and decarbonized one, a long-
term strategy for the renovation of the national building stock until 2050 was adopted at the end of
2020. According to that document, 5% of buildings in Croatia have been energetically renovated so
far, and about 0.7% of the buildings' floor space has been renovated annually. The planned goal is to
gradually increase the renovation rate, from 1% of the floor space in 2021 to over 3% after 2030, [15].
In order to overcome the existing obstacles (primarily to increase the thermal protection of the
building envelope), the Ministry of Culture, in coordination with the Ministry of Construction and
Physical Planning, developed Recommendations for the application of energy efficiency measures on
building heritage.

The Croatian government has also adopted a National Recovery and Resilience Plan for 2021-2026
(which should start implementation at the end of 2021) in which one of the six components is the
Initiative: Renovation of Buildings. This component of the plan will encourage the complete
renovation of buildings and should contribute to the renovation of buildings after two major
earthquakes in Croatia last year. The renovation will include residential and non-residential buildings,
as well as public buildings, while respecting the importance of the public interest for health and
educational buildings, [16].

Anticipated renewmodels of building renovation are [12]:

* Individual energy renewal measures (for achieving gradual deep renewal),

* Integral energy renewal (combination of several energy renovation measures with mandatory
inclusion of thermal protection of the building envelope),

* Deep renewal - includes energy efficiency measures on the envelope and technical systems and
should result in a reduction of energy consumption for heating (Qu,nd) and primary energy (Eprim) ON an
annual basis of at least 50% compared to consumption before renovation,

» Comprehensive renewal - in addition to energy renovation measures of the building, it also includes
measures to increase safety in case of fire, to ensure a healthy indoor climate, to improve the
mechanical resistance and stability of the building (reducing the risk of earthquakes).

EDUCATION BUILDINGS' RENEWAL PROCESS 2017-2021

According to data from NEMIS, a total of slightly more than 13.8 million square meters of floor area
of public sector buildings was recorded in Croatia (of which 43.9% was heated floor area). Education
buildings are one of the categories of public sector buildings and have an area share of 40.7%.
According to this share, the total energy consumption and CO2 emissions of these buildings stand out.
This category includes primary, regional, and secondary schools (with and without a gym or a
workshop), as well as university buildings and kindergartens. 54.5% of them were built before 1971,
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and in the period 1971-2006, 44.9% were built. These buildings are, in a larger number and area,
owned more by local and regional governement units, than by the central state administration, [14]. In
continental Croatia, 28.6% of educational buildings are now in the three worst classes, and 17.6% are
in the A and A + classes [15]. Fig. 2 shows the existing distribution of energy classes in educational
buildings according to the share in the total area of these buildings throughout Croatia. An overview of
the energy efficiency classes of buildings by primary energy in Fig. 2 shows a higher number of those
with a poorer class compared to the energy classes determined by the energy required for heating. This
is mostly because primary energy also includes cooling and lighting energy, which makes up a
significant share of consumption in this type of buildings.

Energy class of the building according to E ,;,
,A+AB C D

EEnergy class d:f the buildingjaccording to 'QH,nd

‘o 25 50 75 100 %
Fig. 2. Energy efficiency classes of buildings for education according to the share in the total area of
that type of buildings, viewed according to two methods of calculation (data from [15])

The school buildings' renewal projects in Osijek-Baranja County, analysed in this article, are co-
financed by the European Structural and Investment Funds (established to implement EU regional
policy aimed at reducing regional disparities in income, wealth and opportunities) under Operational
Program "Competitiveness and Cohesion" 2014-2020. Based on the Public Tender of the Ministry in
charge, this county applied as a beneficiary to (along with some other counties, individual cities and
municipalities, various ministries and public institutions for their buildings, such as individual schools,
kindergartens, health centers, hospitals, homes for the elderly and infirm, cultural centers, fire stations,
etc., depending on the specific purpose), [17]. The calls were:

« 2017 for Specific Objective 4cl: Reduction of energy consumption in public institutions performing
the activity of education (at the end of the same year, 214 contracts were signed for projects
throughout Croatia) and

+ 2018 for Specific Objective 4cl: Reduction of energy consumption in public sector buildings (a total
of 550 contracts were signed throughout Croatia).

It should be noted that Osijek-Baranja County had the largest number of projects of all counties (20 +
City of Zagreb), and in addition, some other schools in the area of this county were energetically
renovated. The City of Osijek, which is the center of the county, was the beneficiary of these two calls
for co-financing for five energy renovation projects of school buildings in its area. (These projects are
not analysed in this article due to the lack of necessary data for comparison.)

In addition to non-refundable EU funds and funding from the Ministry of Regional Development and
European Union funds, Osijek-Baranja County participated in many of these projects in funding with
significantly less than 20% of the value. Financial support was provided for energy renovation
measures that will result in a reduction of heating / cooling energy per year (kWwh) of at least 50%
compared to consumption before the implementation of the measures. Therefore, obtaining financial
incentives for these projects was based on an energy audit showing an improvement in the energy
class. The implementation period of these contracted renovation projects is 24 months.

THE ANALYSIS OF SCHOOLS' ENERGY RENEWAL IN OSIJEK-BARANJA COUNTY

48 schools' energy renewal projects in Osijek-Baranja County are analysed here (8 secondary and 40
primary and regional schools in cities and other places in this county) which data are publicly
available on the website of Osijek-Baranja County for ([18]). Thus, a statistically significant number
of samples was obtained (the least data of the same type is for 43 buildings, which is > 30).

Energy renovation projects were analysed with respect to the previously existing and improved energy
class, project costs (known to all), achieved energy savings and reduction of greenhouse gas / CO2
emissions, age of buildings and building area (all these data are not known for all renovated schools).
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Data on the year of construction are known for 45 buildings and among them there are those from the
end of the 19th and the beginning of the 21st century. There are different classifications of buildings
according to the time of construction (e.g. according to Housing Statistics in EU (2010) there are 7
construction periods: before 1919, 1919-1945, 1946-1970, 1971-1980, 1981-1990, 1990-2000, after
2000, [19] or on built until 1970 and those after that as in [14]). For this analysis, buildings are divided
into periods characterized by the application of building materials and thermal insulation regulations
in Croatia. The characteristic periods are explained in Table 1. The heat transfer coefficients of the
characteristic structures of the outer envelope of buildings decrease most noticeably in glazed
structures, continuously throughout all periods of construction. On the exterior walls’ constructions,
after the deterioration that took place after World War Il and until the 1970s, there has been constant,
significant improvement, [15].

Table 1. Periods into which buildings are divided to consider energy renovation parameters

Construct. period The buildings’ characteristics
before 1940 - massive constructions prevail (brick or stone walls thickness = 38 cm and
more), basements and attics under sloping roofs (buffer heating zones), twin sash
windows
from 1941 to 1970 | - light reinforced concrete structures (without insulation, thermal bridges), flat

roofs, single layered glass windows with poor quality profiles (worst
construction)

from 1971 to 1987 - similar to the previous period - reinforced concrete walls (thickness = 16-18
cm) or made of brick blocks (thickness = 19 cm), but the first regulations on
thermal protection were introduced (minimum insulation of the envelope with 2—
4 cm of heraclite, wood or EPS plates)

from 1988 to 2005 | - construction according to Yugoslav Standard, which prescribes better thermal
insulation of the building envelope (for external walls 4-8 cm of stone wool and
polystyrene, i.e. styrofoam, and for a sloping roof 8-12 cm of thermal insulation)

after 2006 - harmonized with technical regulations on rational use of energy and thermal
protection in buildings (since 2006 the Technical Regulation on thermal energy
saving and thermal protection in buildings has been applied)

Fig. 3 shows the representation of school buildings according to the characteristic periods of
construction. (For three school buildings for which there is no data on the time of construction,
according to the external appearance, it can be assumed that they are probably from the period
between 1941 and 1987).

6% 6%

27% L% @ unkown 26% @ unkown
B before 1941 B before 1941
23%

01941 - 1970 01941 - 1970
‘ S 01971 - 1987 ‘ 01971 - 1987
W 1988 - 2006 W 1988 - 2006
25%
40%

Fig. 3. Share of renovated schools according to the construction period - left according to the number
of buildings, and right according to the areas (without the buildings for which the area is not known)

In these school buildings, the main measures envisaged by the energy renovation project were:

+ 100% thermal insulation of the envelope (walls / facade, ceiling to the attic and / or roof - depending
on the construction of the building);

* 96% replacement of exterior carpentry and hardware with new, more energy efficient (e.g. wooden
or aluminum with PVC);

* 79% reconstruction / improvement of the heating system (installation of a high-efficiency gas
condensing boiler, change of energy source - transition from heating oil to wood biomass, new heating
stations, installation of thermostatic valves on heating bodies, etc.);

* 17% replacement of lighting with more energy efficient (e.g. LED).

10
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Fig. 4 shows the share of energy efficiency classes that buildings had before and after renovation, and
Fig. 5 shows this by periods of construction and what is the average increase in classes per building in
each period. The cost of renovation (project value) for all these buildings was close to 144 million
kunas, or € 19,221,064 (according to the current middle exchange rate). For 43 buildings, for which
the area is known (from 199 to 12,795 m?), renovation costs per square meter were calculated and they
are listed in Table 2, among other important parameters.

O class C
(14buildings)

Oclass D

(13 buildings)
Oclass E

(13 bildings)
class F

(7 buildings)

Hclass G
(1 building)

25% l

10%

65%

Hclass A

(5 buildings)

Hclass B

(31 buildings)

Oclass C

(12 buildings)

Fig. 4. Number of species (share) of energy efficiency classes before (left) and after renovation of
buildings (right)

- before renovation; without filling after energy renovation)

Energy classes of buildings (with filling and white fund

unkown
Fig. 5. Energy classes of school buildings before and after renovation
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Table 2. Average data on renovated buildings and data by periods

Average Construction periods
Parameters for all 1941 1988
buildings unkown | before 1941 1970 1971-1987 2006
Area (m?) 2583 3,554 1,004 2,142 4,972 2,592
Costs per building 400,438 | 505625 | 168,383 | 372,289 | 590435 | 322,517
Costs per unit area 161 205 168 167 158 145
(€/m?)
Reduced CO2 emi-
ssions (% / building) 66 69 61 68 4 58
Planned savings kwh | 195 76, | 34851 48.829 173,257 | 319,179 | 166,537
per building

Table 2 shows, as expected, that the cost of renovation per square meter of building area decreases in
buildings constructed later and that the least energy savings are planned for buildings from the earliest

period.

According to the data from [14], the average costs of the total investment (for the envelope of
buildings, thermotechnical systems and lighting) of energy renovation of educational buildings in
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Continental Croatia built before 1970 were 1,295 kn / m? (173 € / m?), and for those built later (until
2005) 920 kn / m? (123 € / m?). The average energy renovation costs for the school buildings built
before 1970, and analysed here, were 167 € / m? (less than the average for all educational buildings),
and for those from the later construction period 144 € / m? (more than the average for all buildings for
education). The conclusion can be drawn that the initial condition of school buildings from different
periods is more uniform (at least in Osijek-Baranja County) than in all educational buildings in
Continental Croatia. There is an interesting comparison with the energy renovation of family houses in
the same county. The results of this renovation are presented in [7] on a sample of 100 family houses
inspected and renovated in 2015-2016 (2% built before 1941, 13% from 1941-1970, 46% from 1971
1987, 32 % from 1988-2006 and 7% after 2006). This was in the last completed cycle of the
Programme for energy renovation of family houses 2014-2020. At that time, the owners had their
rennovation co-financed with 40-80% (depending on the area) exclusively from national funds and
there were no conditions for achieving minimum energy savings. The average investment in the
energy renovation of the considered houses was € 10,414 and considering the average renovated net
area of the house of approx. 120 m? it is 87 € / m?, [20].

Compared to school buildings, the initial energy classes of houses were worse in all periods of
construction. (Before the renovation, 72% of these houses had one of the three worst energy classes
and there was a ten times higher share of houses than school buildings with energy class G before the
renovation.) This can be largely attributed to the poorer quality of construction and poorer
maintenance of houses than public buildings. As with school buildings, the worst classes after the
renovation of houses remained with those built before 1941. On average, 2.08 measures were taken to
improve energy efficiency in houses (which is less renovation work than on school buildings). The
most common measure was the replacement of the outer carpentry, followed by the thermal insulation
of the outer envelope. This increased the energy class to 85% of the renovated houses, and the best
energy class achieved was B, [7]. In the energy renovation of school buildings, the energy class of all
buildings has been raised by a minimum of one and a maximum of four classes. The minimum energy
savings for heating in renovated houses was 5% (where only the exterior carpentry was changed), and
the largest was 63% (achieved by a combination of several renovation measures), which is
significantly less than in the renovation of school buildings.

CONCLUSION

A more detailed processing and analysis of the parameters of energy renovation of school buildings in
one continental county gives a more reliable picture of the state of the stock of buildings of this type
and allows better framework planning of similar projects. It turned out that we should strive for the
most comprehensive renovation of buildings, because in this way better results are achieved in less
time and money than with partial measures. This is in line with the National Recovery and Resilience
Plan 2021-2026 in Croatia which anticipates the reconstruction of energy reconstructed buildings
damaged in the earthquake. Possible savings, i.e. avoiding costs when linking various maintenance
and renovation measures of buildings with other works on them are shown in [21].

Croatia is facing a longer period of implementation of various programmes and projects to achieve the
planned goals of reducing energy consumption, and given the always limited resources (financial,
human, time), measures should be well planned and focused on the area where they will give the
greatest effects. The existing building stock in Croatia represents an individual sector with the greatest
potential for energy savings, [14]. Most of the existing buildings were built decades ago, in accordance
with the energy requirements that are obsolete today, and belong to energy class E, F or G [3]. But
they still have a long service life ahead of them and their energy recovery brings more very desirable
effects. In addition to financial savings and pollution reduction, there are other, very diverse direct and
indirect benefits of reconstruction that need to be considered. (e.g. better feeling of comfort and
healthier conditions for space users (less moisture and its negative consequences), employment of the
construction sector through the implementation of energy renovation projects, increasing the value of
buildings, etc.). In case of public buildings, the energy savings achieved by investing in the energy
renovation of residential buildings are monitored (not the case in case of residential buildings at all),
but no other indicators measure the other benefits achieved with these investments [1]. This would be
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necessary for a more complete analysis of the efficiency of energy recovery and greater motivation for
its implementation.

For the transformation of public, both school and other buildings, into energy-efficient and
decarbonized buildings, different obstacles have been noticed: financial (long payback period), legal
(complex and lengthy procedure for obtaining financial support, lack of legal obligation to improve
the basic properties of the building in relation to those according to which built, protection of
buildings that are cultural property, and which are among those for education) and social (insufficient
availability of skilled labour and the trend of emigration and depopulation), [15].

After improving the energy performance of buildings, it is important to further proper and timely
maintenance of these buildings and their equipment (heating and cooling systems, windows, etc.).
Technical conditions for lower energy consumption (lower losses) are achieved that way, but to have
these possibilities achieved, it is necessary to motivate the users themselves, especially if they do not
pay the bills for the consumed energy.
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Abstract: The purpose of the research was to explore the significant of emotional intelligence and its impact on
leader behaviour through intrapersonal and interpersonal skills, so construction managers would embrace the
emotional mind as well as the cognitive mind to minimize conflict, increase project success, and establish
healthier relationships. The data generated from the research study provides a unique collection of data that
resulted from the integration of the EIl intervention into the Construction Management Concepts that did not
previously exist. The findings suggest that teaching construction managers to use both the emotional and
cognitive learning attributes are important for authentic learning to happen.

Key words: Project Management, Leadership Skills, Emotional intelligence, Construction Management.

INTRODUCTION

The increasingly complex environment of construction projects has led to an urgent need for project
managers to improve their ability to lead teams and adapt to complexity and uncertainty [1]. The
personal attribute ability of the project manager has more influence on the employees than the
technical ability [2]. Specifically, emotional intelligence (EI) reflects an ability to guide thinking and
action and is a key factor in daily managerial success [3]. Stephens and Carmeli [4] believed that
individuals with a high level of El expand their knowledge and skills base to improve their ability to
communicate and cooperate effectively. Managers with high EI stimulate good attitudes and work
behaviour by meeting the emotional needs of employees.
Over the past two decades the ‘‘human side” of project management has increasingly been identified
as a critical component of the project manager’s role associated with project management success [5].
Researchers have found that challenges in construction projects are largely associated with human
skill and competencies, rather than technical issues. Human skill and competency is a critical part of
managing large-scale projects, influencing on successful delivery of projects. Researchers such as
Mazur et al. [6], Mller and Turner [7] and Rezvani et al. [3] have revealed that behavioural skills and
competencies, more specifically emotional intelligence (EI), defined by Mayer et al. [8] as the ability
to be aware of, to manage, and to understand emotions in self and others, can affect the outcomes of
major projects. Rezvani et al. [3] and Mazur et al. [6], for instance, found that managers with high
levels of EI are more motivated to become involved in effective communications and are more
creative regarding complex tasks, resulting in increased chances of project success in major projects.
Past research [3, 6, 9] has shown the importance of El to the achievement of successful outcomes, the
project management literature is replete with unsubstantiated generalizations, with much of the
existing evidence bearing on the role of El for project managers. Therefore, our first goal is to extend
research in the field of EI [3, 10] to research in construction projects. Our focus in this research lies in
construction project environments due to their major influence on our society by supporting its
foundation. In addition, prior research has indicated the relevance of El to construction projects and
project performance [3, 6, 11]. The overarching research question for this study is how is a
transformative approach to emotional intelligence, related to important aspects of successful business
practices? The specific research question guiding this study are as follows:

- What is the relationship between emotional intelligence training and leadership skills and

teamwork of construction project managers?
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MATERIAL AND METHODS
El and Leadership in construction

Leaders and their ability to provide effective leadership are vital and critical to the sustainability of a
global society. Northouse [12] expressed leadership as a process whereby an individual influences a
group of individuals to achieve a common goal with the ability to understand emotions and apply this
understanding to life’s tasks. He suggests that in order for effective leadership to manifest, leaders will
need to exhibit a more personal sensitive approach when interacting with team members. The need for
leadership in the construction industry is mainly because the success or failure of construction projects
is highly dependent on who is leading and coordinating them. However, 80% of project failures are
due to poor leadership, including inadequate leadership skills, lack of teamwork, inefficiency in
problem-solving, and weaknesses in communication [13]. Most of the leadership challenges,
particularly in the construction industry, relate to its workforce, including shortage of good-quality
workers, an aging workforce, teamwork, communication, training, and education[14]. In addition,
some failures in the construction industry have become the subject of continuous criticism especially
its fragmentation and poor record on quality, waste, financial claims, safety, and efficiency [15]. For
all of these failures, one of the causes is ineffective leadership. Undoubtedly, the construction industry
is large and technically complex and involves a combination of specific skills. The leadership will
shared through teamwork, and the position of the leader in teams will rotate. Thus, the construction
teams are not only large but also involve various disciplines and this makes leadership significant in
the construction industry.

The need for leadership in the construction industry is mainly because the success or failure of
construction projects is highly dependent on who is leading and coordinating them [16]. Undoubtedly,
the construction industry is large and technically complex and involves a combination of specific
skills. The leadership will shared through teamwork, and the position of the leader in teams will rotate.
Thus, the construction teams are not only large but also involve various disciplines and this makes
leadership significant in the construction industry [13]. Most of the authors highlighted
communication and teamwork as the most important skill for project managers in sustainable
construction projects. Construction projects can be more complicated than traditional projects thereby
increasing the need for project team communication and teamwork. Construction project managers
should lead a team process to establish clear guidelines for communication and ground rules for
teamwork, such as training to enhance these skills [17]. The relationship between EI and leadership in
project management has investigated at different levels [1]. Butler and Chinowsky [18] found that EI
behaviours such as interpersonal skills and empathy are significantly related to transformational
leadership in construction executives. Similarly, Sunindijo et al. [19] examined the relationships
between El and thirteen leadership behaviours in construction projects and found that project
managers with higher EI prefer open communication and proactive leadership styles.

Construction managers’ leadership style can influence a project’s outcome [20]. Similarly, Nam and
Tatum [21] have stated that effective leadership is fundamental for innovation in construction.
Construction project managers who deemed emotionally intelligent should be able to positively utilize
charismatic leadership skills to regulate their own and others’ emotions, and use emotional
information for decision-making to achieve creative and positive outcomes. In particular, Butler and
Chinowsky [22] have found a significant relationship between El and transformational leadership
behaviour among construction executives. In a similar vein, Sunindijo et al. [19] demonstrated that EI
influenced the style of leadership adopted by project managers and engineers in construction projects.
It revealed that project managers and engineers with higher levels of El tended to utilize open
communication and proactive leadership styles. Sunindijo et al. [19] also found it that El generates
delegation, open communication, and proactive behaviour, which provide positive outcomes within a
project environment.

Construction project managers should also be engaged in team building skills for the success of their
project. The results of a survey from Singapore revealed that project managers who are equipped with
good team building skills could improve project team cohesiveness as well as enhancing the overall
project team performance [23]. Interpersonal skill is the ease and comfort of communication between
individuals and their colleagues, superiors, subordinates, clients, and other stakeholders [24].
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Interpersonal skill includes the ability to motivate others, conflict management, effective
communication, and team building. In order to motivate others, construction management personnel
have to determine what drives people to exhibit certain behaviour, what directs or channels people’s
behaviour, and how the behaviour is sustained [25]. Construction management personnel should be
flexible, depending on the situation, in using different styles to manage conflicts. There are five-
conflict resolution styles based on the levels of assertiveness and cooperativeness: avoiding,
dominating, accommodating, compromising, and collaborating. Furthermore, in order to manage
social interactions, construction management personnel should also be effective communicators to
ensure that all stakeholders are ‘on the same page’ throughout construction life cycle. They have to
listen effectively; have strong verbal, graphical, and written communication skills; deliver good and
bad news effectively; have strong presentation skills; and be able to liaise among stakeholders [26].
Lastly, construction management personnel should be able to build teamwork and cooperation by
showing genuine intention to work cooperatively with others and use different approaches to get the
best out of the team [27]. A construction project team is temporary where people, in many cases from
different organisations, come together for only one project with no guarantee of ever doing so again.
This type of team has distinct characteristics and offers more challenges than the teams in other
industries. Teambuilding and teamwork, therefore, is crucial for managing the knowledge and skills of
the human capital and making them as a competitive advantage instead of an inhibitor of delivering
successful construction projects. It is a fact that individuals have to be effective self-managers before
overcoming barriers to interpersonal effectiveness because self-management gives individuals
credibility in their interactions with others. This credibility along with the capacity to manage
emotional outbursts are keys to effective communication, which is a foundation to resolve conflicts
and build teamwork [28]. Furthermore, self-management is a source of achievement drive and
initiative, which are crucial for motivating oneself and others. Sunindijo et al. [19] found that social
awareness is related to sharing and open communication. This sensitivity to others is critical for
superior job performance whenever the focus is on interactions with people. Furthermore, socially
aware individuals are emphatic. They have an ability to put themselves in someone else’s shoes, sense
their emotions, and understand their perspective, thus enabling them to interact effectively with
different types of personalities. This explains why social awareness is a prerequisite of interpersonal
skill. Among the three dimensions, relationship management has the highest opportunity to influence
the application of interpersonal skill.

Communication skills involve an ability to exchange information with a person or group. Otherwise,
communication is especially important for project managers in construction projects. For instance, in
the initial stage, a project manager needs to communicate with stakeholders about achieving its goals.
This is because a project manager is responsible for holding the initial meetings that benefit the
communication between the project teams. Hence, the communication skills of a project manager may
accommodate the different perceptions among project team and the stakeholders to ensure a successful
outcome for the construction project [17]. Communication recognised as one of the key skills for the
project manager [29]. Communication between team members and the entire network of stakeholders
is vital to support the understanding of all involved in the project and their goals [30]. Considered as
one of the reasons for the success or failure of the project, effective communication between the
project manager, staff, and stakeholders is essential. Sharing a language with terms in common use
among staff and stakeholders and establishing communication standards are means to achieve
effective communication. Project manager must understand how those involved in the project
communicate and to keep the informal channels of communication open [9].

Research Method

The research documents the impact of integrating an emotional intelligence curriculum and its
influence on intrapersonal and interpersonal skills to improve leadership and team performance
effectiveness in construction managers. Both the experimental group and the control group completed
the EIl pre-assessment. A two-week intervention was scheduled and delivered to the experimental
group while the control group received the standard curriculum. The variables in the study included
four dimensions with a combined 13 emotional intelligence skills from the Emotional Skills
Assessment Process. However, the study only focused on Intrapersonal Dimension, Interpersonal
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Dimension and Leadership Dimension as the dependent variables. The variables from the Team
Member Effectiveness instruments were team satisfaction, team cohesiveness, team effectiveness as
dependent variables. Emotional intelligence served as the independent for the study. The purpose of
the research was to explore the impact of emotional intelligence on leader behaviour and team
effectiveness. The purpose of the El treatment intervention was to assist managers with developing
strategies to discover the value and importance of using emotions intelligently to achieve success in all
areas of construction project.

The research participants were composed of 53% male and 41% female managers (6% missing data).
The mean age of the participants was 33. Participants divided into an experimental group and a control
group. The experimental group received the El intervention while the control group received the
traditional project management curriculum. The data collection based on archival data collected from
an assurance of learning pilot program in fall 2019. The focus of the pilot was to explore ways to
enhance managers’ skills by integrating an emotional intelligence intervention into the Project
Management Concepts course. The researchers created the pilot design and concepts of the pilot
program. An experimental design implemented to collect the data and test if an in-course intervention
would improve individual manager skills. The researcher was an active participant in the program by
administering the pre and post assessments.

Intrapersonal skill: This section seeks to explore Intrapersonal Skill in two emotional skill areas. The
two areas in this section are self-esteem and stress management. Self-Esteem and Stress Management
skills are essential to the mental and physical well-being of a 68 individual is self-worth and value
[31]. The reliability of the self-esteem questions for the pre-assessment equalled (Cronbach’s Alpha
.83; N = 25) and the post assessment reliability was equivalent to (Cronbach’s Alpha .83; N =25). The
pre-assessment reliability for stress-management was (Cronbach’s Alpha .88; N = 25 and the post-
assessment reliability for stress-management equalled (Cronbach’s Alpha .93; N =25).

Interpersonal skills: This section seeks to explore interpersonal communication skills under various
difficult stressful situations. The three components in this section are assertive, aggression, and
deference. Each contains eighteen items totalling 54 aggregate. Effective communication is vital in
developing healthy relationships in any situation [31]. The reliability of the assertive questions for the
pre-assessment equalled (Cronbach’s Alpha .68, N = 18) and the post-assessment reliability was
equivalent to (Cronbach’s Alpha .82, N = 18).

Personal leadership skills: The four areas in this section are comfort, empathy, decision-making, and
leadership. Each contains 12 components, creating 48 items for the section. Personal Leadership
inspires effective leadership though the creation of healthy relationships with others utilizing
characteristics such as integrity, trust, dependability, respect, and honesty [31]. Developing an
emotional learning and skills process further enhances personal leadership, genuine respect, and care
for others. The reliability of the comfort questions for the pre-assessment equalled (Cronbach’s Alpha
.76, N =12) and the post-assessment reliability was equivalent to (Cronbach’s Alpha .80, N = 12).

The personal leadership section has four emotional skills that assessed. The skills are comfort,
empathy, decision-making, and leadership behaviour. According to Nelson and Low [31], a positive
effective leader is socially aware of the team dynamics regarding the emotional needs and goals of the
team members. Leaders show understanding and respect for the members. Rapport established through
every positive interactions with such gestures as good eye contact, active listening, personal
information exchange, and pleasant greeting to make the person feel comfortable during the
interaction. Comfort enhances a person’s confident spontaneity, enthusiasm, and open-mindedness
with people. Establishing a good relationship with others requires work and active listening.
Communicating empathy is accurately understand and respond based on the information received,
feeling expressed, and needs exhibited by others. Using assertive communication and active listening
while creating and expressing empathy, allows open communication to flow and establishes the
foundation for healthier relationships. Straight talk can facilitate positive comfortable exchanges while
creating healthy relationships. Healthy relationships also require effective problem solving and
conflict-resolution strategies to resolve issues. Decision-making is systematic process that has an
emotional component that influences the reasoning capacity of effective decision-making. The essence
of effective decision-making is to create a positive influence and inspire the ability of the leaders to
persuade and direct others in a positive manner [31].

18



XI International Conference Industrial Engineering and Environmental Protection 2021 (11ZS 2021)
October 07-08, 2021, Zrenjanin, Serbia

Self-management: This section seeks to explore Self-Management in four emotional skills areas. The
four areas in this section are Drive Strength, Commitment Ethic, Time Management, and Positive
Change. The Drive Strength section contains twenty-five items and 73 the other three sections are
comprised of twelve items totalling 61. The reliability of the drive strength questions for the pre-
assessment equalled (Cronbach’s Alpha .84, N = 25) and the post assessment reliability was equivalent
to (Cronbach’s Alpha .85, N =25). Self-Management skill is the nucleus for goal setting and high
achievement through motivation, managing time, and a commitment to change and personal growth.
Self-management is critical to achieving academic, career, and life success. It is imperative to enhance
and accept responsibility for one’s own learning in order to facilitate success. Moreover, the cognitive
domain of the mind makes a conscious decision to be the best person that you created to be. On the
other hand, the emotional domain of the mind is the battery that ignites the energy to achieve the goal
and create a sense of excitement for executing the desired outcome. The Drive Strength skill is the
catalyst to spark the energy needed from the emotional system to develop clear concise and well
thought-out goals. Personal excellence is the ability “to motivate yourself, focus energy, and achieve
goals”. Perseverance or Commitment Ethic is staying the course and by developing extensive follow
through skills to complete the required results. The internal emotional system views this as pride and
externally it recognized as dependability. With demanding schedules, doing more with less, and rapid
growth of the information age, “normal” levels of productivity are skewed and life is demanding more
output, time, and flexibility. Time management and personal change are essential in developing
“personal wellbeing and physical health”.

Data reviewed and measured for consistency with the purpose of the study to identify a participant’s
total emotional intelligence score change. Data analysis was analysed according to the context of the
research questions and the prescribed hypotheses. This research incorporated directional hypothesis as
a process to predict a particular outcome of the study. The study designed to compare the level of
emotional intelligence between the experimental group with the control group in the pre-and post-
intervention phases.

RESULTS AND DISCUSSION

The purpose of the quantitative experimental study was to investigate the influence of the El
intervention to improve construction manager’s intrapersonal and interpersonal skills to impact leader
behaviour. The goal of the research was to increase construction managers’ post EI scores in specific
skill areas of intrapersonal skills and interpersonal skills to their ability to lead and work effectively in
a team environment. The statistical analyses based on 119 construction managers enrolled in four
sections of the project management concepts course to measure the impact of the EIl intervention on
three of the five dimensions prescribed in the El Post-test. Table 1 shows the mean El score of
construction managers in the experimental group who completed the Intrapersonal Dimension, the
Interpersonal Dimension, and the Leadership Dimension of the EI Post-test. The results revealed that
total EI scores average 327.12 with a standard deviation 37.03. Interpersonal Dimension average
scores of 84.92 with the standard deviation of 12.6 were the highest of the three dimensions. The
Leadership Dimension average score of 81.69 with the standard deviation of 9.4 indicating the mid-
range of the three dimensions. Construction managers scored on average of 78.86 with a standard 85
deviation of 14 for the Intrapersonal Dimension indicating the lowest of the three dimensions listed.

Table 1. Descriptive Statistics EI Skills Post-test (Experimental Group)

Skills Means Standard Deviation
Total Leadership 76.05 114

Total Intrapersonal 76.23 12.6

Total Interpersonal 79.55 12.0

Total El Score 309.30 39.03

Team Cohesiveness 11.99 2.15

Individual Satisfaction 12.08 2.96

Total Team Satisfaction 47.41 8.45
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Hypothesis 1 suggested that the mean EI scores would increase from the pre-test to post-test for the
experimental group but not for the control group. As shown in Table 2, results of a dependent samples
t-test revealed that the control group’s Total EI scores did not significantly increase from pre-test (M =
317.06, SD = 28.66) to post-test (M = 317.28 , SD = 27.53), t(17) = -.04 , p = .97. In contrast, the
experimental group’s scores increased significantly from pre-test (M = 310.03, SD = 39.436) to post-
test (M = 331.81, SD = 38.15), t (73) = -6.33, p = .000. Thus, Hypothesis 1 supported.

Table 2. Control Group and Experimental Group Total EI Scores Results

Pre-test El Post-test El
Dependent Variables M SD M SD t df
Control Group 317.06 | 28.661 | 317.28 | 27.53 | -0.037 | 17
Experimental Group 310.03 | 39.436 | 331.81 | 38.158 | -6.333 | 73

Hypothesis 2 suggested that the mean Intrapersonal El scores would change significantly from pre-test
to post-test for the experimental group but not for the control group. As shown in Table 3, results of a
dependent samples t-test indicated that the control group’s Intrapersonal EI scores slightly decreased
from the pre-test (M = 79.56, SD = 9.79) to post-test (M = 78.50, SD = 9.62), t (17) = .72, p = .477,
but this decrease was not statistically significant. In contrast, the experimental group’s scores
increased significantly from the pre-test (M = 76.09, SD = 12.80) to post-test (M = 79.82, SD =
14.46), t (73) = -2.42, p = .009. In addition to examining this hypothesis for the overall intrapersonal
dimension, the researchers also tested whether both Self-Esteem and Self-Management competency
scores for the intrapersonal dimension increased from pre-test to post-test for both the control and
experimental groups. As shown in Table 3, results of dependent samples t-test revealed that the control
group’s Self-Esteem scores essentially remained the same from the pre-test (M = 41.72, SD = 4.65) to
the post-test (M = 41.22, SD = 3.99), t (17) = .532, p = .602.

Table 3. Intrapersonal Dimension Results

Control Group Experimental Group

Pre-test El Post-test El t-Test Pre-test El Post-test EI t-Test
Dependent M SD M SD t daf | M SD M SD t df
Variables
Intrapersonal 79.6 9.8 78.5 9.62 0.72 17 | 76.1 12.8 79.8 14.5 -2.42 .73
Self-Esteem 41.7 4.7 41.2 4.0 532 | 17 ] 39.92 | 6.0 42.6 54 -4.47 73
Stress Manag. 37.8 7.0 37.3 6.4 519 17 | 36.2 8.6 37.2 11.1 -.865 .73

In contrast, the experimental group’s mean scores increased significantly from pre-test (M = 39.92, SD
= 6.00) to the post-test (M = 42.62, SD =5.38), t (73) = -4.47**, p = .000. A dependent sample t-test
results also indicated the control group’s Stress Management scores showed no significant change
from the pre-test (M = 37.83, SD = 7.04) to the post-test (M = 37.28, SD = 6.46), t (17) = .519, p =
.610. There was a slight increase in the experimental group’s mean scores from pre-test (M = 36.18,
SD = 8.64) to the post-test (M = 37.20, SD = 11.08), t (73) = -.865, p = .195, but this increase was not
statistically significant. Thus, Hypothesis 2 supported. Hypothesis 3 suggested that the mean
Interpersonal El scores would change significantly from pre-test to post-test for the experimental
group but not for the control group. As shown in Table 4, results of a dependent samples t-test
indicated that the control group’s Interpersonal EI score increased from the pre-test (M = 80.67, SD =
11.34) to post-test (M = 80.83, SD = 12.68), t(17) = .071, p = .944, was not statistically significant. In
contrast, the experimental group’s mean scores increased significantly from the pre-test (M = 79.72,
SD =12.31) to post-test (M = 86.61, SD = 11.27), t (73) = -6.19, p = .000.

Table 4. Interpersonal Dimension Results

Control Group Experimental Group

Pre-test EI Post-test EIl t-Test Pre-test El Post-test EI t-Test
Dependent M SD M SD t daf | M SD M SD t df
Variables
Intrapersonal 80.7 11.3 80.8 12.7 -071 | 17 | 79.7 12.3 86.6 11.8 -6.2 73
Self-Esteem 25 4.2 25.3 4.4 -271 | 17 | 26.6 4.3 28.4 5.8 -2.6 73
Stress Manag. 29.8 6.0 28.1 7.5 14 17 | 29.3 6.2 30.8 5.4 -2.9 73
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In addition to examining hypothesis 2 for the overall interpersonal dimension, the researcher also
tested whether the three competencies scores for the interpersonal dimension (Assertive
Communication, Aggression (Anger Control and Management) and Deference (Fear and Control and
Management) increased from pre-test to post-test for both groups. As shown in Table 4, results of a
dependent samples t-test revealed that the control group’s Assertive Communication scores essentially
remained the same from the pre-test (M = 25.00, SD = 4.15) to the post-test (M = 25.28, SD = 4.37),
t(17) = -.271, p = .790. In contrast, the experimental group’s mean scores increased significantly from
pre-test (M = 26.62, SD = 4.34) to the post-test (M = 28.36, SD = 5.77), t (73) = -2.64**, p = .005.
The results for Aggression (Anger Control and Management) indicated that the control group showed
a non-significant decrease in change for pre-test (M = 29.78, SD = 6.01) to the post-test (M = 28.11,
SD = 7.53), t(17) = 1.39, p = .182. The experimental group’s mean scores showed a statistically
significant increase from the pre-test (M = 29.34, SD = 6.18) to the post-test (M = 30.84, SD = 5.42), t
(73) = 2.90**, p = .003. The results also indicated the control group’s Deference (Fear Control and
Management) mean scores showed a non-significant increase from the pre-test (M = 25.89, SD = 6.07)
to the post-test (M = 27.44, SD = 4.90), t(17) = -1.25, p = .226. In contrast, there was a significant
increase in the experimental group’s mean scores from pre-test (M = 23.76, SD = 6.99) to the post-test
(M =27.41, SD = 5.569), t (73) = -.5.86**, p = .000. Thus, Hypothesis 3 supported. Hypothesis 4
suggested that there would be a positive relationship between team cohesiveness (as measured by the
CATME) and overall ESAP Skill measures. As shown in Table 5, the overall ESAP total score was
significantly correlated with team cohesiveness (r = .26, p < .05). These results support for Hypothesis
4. In addition, examining the bi-variant relationships between the ESAP skill measure scores and team
cohesiveness ratings, the researcher also investigated the relationship between team cohesiveness and
interpersonal and intrapersonal skills totals score measures simultaneously using regression analysis.

Table 5. Descriptive Statistics and Correlations among Study Variables

Predictors M SD N 1 2 3 4 5 6 7 8
Post Interpersonal | 78.86 1414 | 98 -

Communication

Post Intrapersonal 84.92 12.61 98 0.63 | --

Post Leader 79.12 13.14 98 041 | 0.38 --

Post Emotional Intelligence 327.00 | 37.03 98 0.80 | 0.84 071 | --

Satisfaction Team Cohesiveness 11.99 2.15 90 0.21 | 0.27 0.18 | 0.26 | ---

Team Satisfaction 12.80 2.96 90 0.19 | 0.12 005 | 012 | 0.69 | --

Team Effectiveness 11.8 211 90 0.26 | 0.24 0.15 | 0.24 | 0.85 | 0.90 | --
Emotional Intelligence | 0.78 0.41 119 | 0.27 | 0.10 020 | 021 | 0.02 | 019 | 0.16
Intervention

As shown in Table 6, the Post Total El Interpersonal skill measures (b = .07, p = .62) and the Post
Total El Intrapersonal skill measures (b = .22, p = .12) combined did not account for a significant
amount of variance in the team cohesiveness ratings, R?>= .07, F (3, 72) = 1.98, p = .97. Table 6 also
indicates Post Total EI and Team Cohesiveness is significant (b = .26, p = .02) with R? = .05, F (2, 73)
=2.12.

Table 6. Multiple Regression Results for Team Satisfaction and Team Cohesiveness Predictor Model

Predictor Team Satisfaction Ratings (TSR)
Team Cohesiveness Rating (TCR)
b t

El Intervention (TSR) 0.18 1.60

Post Interpersonal Communication (TSR) 0.13 0.89

Post Intrapersonal Total (TSR) 0.01 0.09

Post Total EI (TSR) 0.07 0.66

El Intervention (TCR) 0.00 0.04

Post Interpersonal Communication Total (TCR) 0.07 0.40

Post Intrapersonal Total (TCR) 0.22 1.54

Post Total El (TCR) 0.26 2.27

El Intervention (TSR) 0.22 1.95

Post Leadership Total (TSR) 0.01 0.15

El Intervention (TCR) 0.03 0.29

Post Leadership Total (TCR) 0.18 1.56

Post Leadership Total (TE) 0.12 1.11
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Research findings

The research designed to investigate the influence of Emotional Intelligence Management Concepts
Curriculum to improve construction manager’s intrapersonal and interpersonal skills to impact leader
behaviour and team performance effectiveness. The purpose of the research was to explore the
significant of emotional intelligence and its impact on leader behaviour and team effectiveness
through intrapersonal and interpersonal skills, so construction managers would embrace the emotional
mind as well as the cognitive mind to minimize conflict, increase project success, and establish
healthier relationships. The study utilized the quantitative research method with an emphasis on quasi-
experimental non-equivalent groups to collect and analyse data to examine the research questions for
this study.

Hypothesis 2 supported that the mean Intrapersonal El scores would change significantly from pre-test
to post-test for the experimental group but not for the control group. Participants in the experimental
group benefited from the EI intervention. The participants’ overall intrapersonal skills score increased
significantly. Sunindijo and Hadikusumo [28] explained the importance of El skills and self-awareness
to improve self-development. Participants became more self-aware of their emotions and self-worth as
a person because of the intervention. Intrapersonal skills consist of two competencies self-esteem and
stress management. The experimental group appeared more self-confident in their ability to connect
with others and accomplish their goals. Individuals that are more confident may be able to attract
persons of like qualities [32]. The result suggested participants had a good self-image and motivated
themselves through self-talk and stay focus on their positive attributes. Stress management is the other
competency skill housed under the intrapersonal dimension [33]. Participants controlled their emotions
and developed coping strategies to handle conflicts and stressful encounters.

Hypothesis 3 supported that the mean Interpersonal El scores would change significantly from pre-test
to post-test for the experimental group but not for the control group. The experimental group
experienced an increase in their communication skills from the pre-test to the post-test. The
participants appeared to be able to act wisely and communicate effectively. By enhancing their
communication skills, participants may display the ability to establish healthy relationships. The
analysis suggested participants understood the importance of communicating clearly and honestly.
Individuals were not afraid of expressing ideas in a direct manner while respecting another right to
hear and respond. The results suggested that by participants enhancing their assertion competency
skill, they were able to work more effectively in teams. Both aggression and deference considered
potential problem areas however, the use of these two competencies converted from aggression and
deference. Participants appeared to be able to channel anger and fear in a different manner. The result
implied participants were able to communicate without being overpowering during verbal exchanges.
Participants appeared to have developed a balance between anger and fear to communicate effectively
during various situations. According to Emmitt and Gorse [34], combining the EI skills of empathy
and assertion is a good approach for communicating effectively in stressful situations. Combining
these key sills along with teaching aggression control and anxiety control would be excellent
interventions and teaching goals of an El curriculum.

CONCLUSION

The research designed to investigate the influence of Emotional Intelligence Management Concepts
Curriculum to improve construction manager’s intrapersonal and interpersonal skills to impact leader
behaviour. The research revealed that the El intervention could integrated into a PBO curriculum to
develop and improve the emotional learning process through a transformative education and skill-
based approach to increase awareness and promote emotional self-control and healthy relationships.
Introducing El, skills offer positive advantages to project and career success. The findings suggest that
teaching construction managers to use both the emotional and cognitive learning attributes are
important for authentic learning to happen. The study charts an opportunity for improving both the
cognitive and the emotional mind to increase project performance and enhance personal and social
interactions.
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Abstract: The environmental sustainability in the context of the pandemic of COVID-19 has aroused
widespread concern in the academic community. At present, there is a worldwide pandemic of COVID-19. With
its associated morbidity and mortality, COVID-19 is on the track to become one of the most catastrophic
pandemic health problems in human community. A considerable amount of research and publications have
focused on the analysis of the meteorological and other environmental factors that lead to COVID-19 infection.
After its person-to-person transmission was confirmed, the influence of environmental factors on COVID-19
transmission in human populations has received considerable attention. This study also shows the effects of
various meteorological and other environmental factors which influences the spreading of COVID-19. Also, this
research work aims to show the positive and negative indirect effects of COVID-19 on the environment,
globally. This work illustrates that there is a significant association between contingency measures and
improvement in air quality, clean beaches and environmental noise reduction. On the other hand, there are
negative secondary aspects such as the reduction in recycling and the increase in waste, further endangering the
contamination of physical spaces (e.g., in water and land), in addition to air. Global economic activity is
expected to return in the coming months in most countries, so decreasing greenhouse gas concentrations during a
short period is not a sustainable way to clean up our environment. In the case of the current pandemic, the
implication of the personnel protective measures is only feasible if the community is well aware of the COVID-
19 knowledge and responds positively towards the preventive e-guidelines by government. To combat the
COVID-19, it is required that the people have the intention to adopt precautionary measures. However, the
intention to adopt precautionary measures and risk aversion may be influenced by multiple factors. These factors
include COVID-19 knowledge, behavioural control, moral and subject norms, preventive e-guidelines by the
government, and environment.

Keywords: COVID-19, transmission, infection, environmental factors

INTRODUCTION

Coronavirion (SARS-CoV-2 or COVID-19) belongs to a family of virions that might cause various
complications like pneumonia, fever, breathing problems, and inflammation of the lungs. These
virions are prevalent worldwide in animals, but very few cases have been known to affect humans.
The term novel coronavirion 2019 was coined by the World Health Organization (WHO). The official
reference name for the virion is severe acute respiratory syndrome coronavirion-2. A group of patients
with pneumonia of unknown cause was reportedly related in December 2019 to a local Huanan South
China Seafood Market in Wuhan, Hubei Province, China (Zhu et al. 2020).

COVID-19 is the third-largest in two decades of coronavirion infection identified initially in Asia,
after extreme acute respiratory syndrome (SARS) and Middle East Respiratory Syndrome (MERS).
Several significant clinical features of COVID-19 were reported. First, an attack rate of 83% is
surprisingly high even within family context, suggesting the strong transmissibility of COVID-19.
Second, with much more frequent signs and more extreme radiological abnormalities seen around
elderly patients, the clinical manifestations of COVID-19 in this family vary from mild to moderate. In
general, it appears that COVID-19 is less serious than SARS. Third, it was observed that an
asymptomatic kid has ground-glass opacification in his lung and COVID-19 RNA in the sputum
sample. This observation of asymptomatic virus shedding brings about the possibility of COVID-19
transfer from asymptomatic carriers to someone else, which is later confirmed by others (Bai et al.
2020). COVID-19 infection causes a systemic disease that is spread via airborne/droplets/aerosol.
COVID-19 has indirectly affected humans, animal production, and the environment, and earth
systems, social and economic conditions worldwide.

To reduce the pandemic spread of the virion, five measures have been adopted: (1) massive testing, (2)
quarantine, (3) disinfection, (4) social distancing, and (5) sanitary measures. The occurrence,
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development, and prevention of COVID-19 illustrate the environmental impact of human diseases.
Human activities have dramatically impacted the environment of earth. Modern human society has
increased health and longevity, but has created the conditions for emergence of new pathogens and
their rapid spread across the globe (El-Sayed et al. 2021).

Population density, a topic that was rarely mentioned before, is directly linked to the spread of the
COVID-19, which is transmitted from person-to-person, especially in close quarters. While human
population density and their activities are directly related to the transmission of COVID-19, the
relation between air pollution caused by humans and the spread of COVID-19 seems to be more
complicated. Borisova & Komisarenko (2020) argue that the interaction of the COVID-19 envelope
with air pollution particulate matter is possible in humid areas. The COVID-19 becomes a major threat
to public health as well as the global economy, which also affects the lives of human beings.
Coronavirions are enveloped viruses of the order Nidovirales harboring a single-stranded positive
sense RNA genome. With approximately 31 kb, their genomes are the largest among RNA viruses
(Masters & Perlman 2013). Coronavirions are genetically classified into four major genera: Alpha-,
Beta-, Gamma-, and Deltacorona viruses (Li 2016).

The COVID-19 has caused a substantial number of deaths worldwide, posing a serious threat to public
health in the world. Along with the implacable socio-economic impacts of this pandemic, the
escalating mortality and morbidity is a problem. The WHO reports that the mortality rate was between
3 and 4% (Baud et al. 2020). From December 29, 2019, through July 21, 2020, COVID-19 infected
14,348,858 people globally, which results in 603,691 causalities with a mortality rate of 4.21% (WHO
2020). As of September 7, 2020, there have been 26,994,442 confirmed cases of COVID-19, including
880,994 deaths worldwide (https://covid19.who.int/). Figure (1a) shows the timeline spans December
31%, 2019, to July 12th, 2020. It shows the significant events related to the number of cases and deaths
globally. As of July 12", 2020, the representative world map shows the global distribution and the
incidence of reported COVID-19 cases in each country (Figure 1b).

Coronavirions have large spherical structures with an average diameter of 120 nm, and they have a
lipid bilayer envelope of about 80 nm and 20 nm long spikes (Yang & Wang 2020). The members of
beta-coronavirion possess additional short-like protein called hemagglutinin esterase on their surfaces
(Fehr & Perlman 2015). Interestingly, the structural proteins of the membrane, envelope, and the spike
are anchored. In December 2019, COVID-19 emerged for the first time in China and has quickly-
transmitted in the world (Angel-Korman et al. 2020). Currently, there are over 67 million confirmed
COVID-19 cases throughout the globe, and this number is expected to escalate due to the highly
contagious nature of the virus (Abdelhafez et al., 2021).

No dat 10 50 100 500 5000 50000 100,000 500,000 >1mill

Fig. 1b Timeline of the global COVID-19 pandemic (Source: Machhi et al., 2020)
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MODE OF SPREADING, INFECTION AND REPLICATION OF COVID-19

COVID-19 infection rates and mortality rates in different states and territories of the USA are
currently reported and updated daily. COVID-19 can be released into the surrounding air through
patient’s respiratory tract activities, and can exist for a long time for long-distance transportation.
COVID-19 RNA can be detected in aerosol in different sites, including isolation ward, general ward,
outdoor, toilet, hallway, and crowded public area. Environmental factors influencing were analyzed
and indicated that the COVID-19 transportation in aerosol was dependent on temperature, air
humidity, ventilation rate and inactivating chemicals (ozone) content (Jiang et al., 2021). Droplets of
various sizes could spread respiratory infections. When the size of droplet particles is more than 5-10
um in diameter, they are referred to as respiratory droplets and are then referred to as droplet nuclei if
they are less than 5 um in diameter.

According to available data, the COVID-19 virus is transmitted primarily between humans via
respiratory droplets and contact routes (Thompson, 2020). Droplet transmission occurs when a person
is in close contact (within 1-m range) with someone who has respiratory symptoms (like coughing or
sneezing), thus are at risk of exposure to potentially infectious respiratory droplets through his/her
mucosa (mouth and nose) or conjunctiva (eyes). The transmission may also occur in surroundings
around the infected person via fomites (Ong et al. 2020).

COVID-19 virion transmission may occur through direct contact with infected people or by indirect
contact with surfaces in the immediate environment or with items used on the infected person (e.g.,
stethoscope or thermometer).

Airborne transmission is distinct from droplet transmission as it corresponds to the existence of
microbes within droplet nuclei. They are usually called particles having a size less than 5 pm in
diameter that can remain in the atmosphere for more extended periods and can be transmitted to others
over distances greater than 1 m. There is specific evidence that infection with COVID-19 can lead to
bowel infection and can be found in feces. The rate of spread and mortality of COVID-19 widely
varied across the globe.

Jiang et al. (2021) mentioned that during the close contact between virion carriers and susceptible
population, droplet transmission and contact transmission may happen:

1) The large droplet particles have a better settling performance and relative strong pathogenicity,
which could be easily inhaled by the susceptible population or deposit on the eyes, mouth or nasal
mucosa thereby causing the susceptible population being sick by droplet transmission.

2) The susceptible population may contain the virion in their own hands by directly (contacting like,
shaking hands) or indirectly (touching virion droplets deposited on the object’s surface) ways, then,
the virion travels through the hands and inoculates themselves into the mucous membranes (eyes, nose
and mouth), causing an infection (Figure 2).

Fig. 2. The transmission of exhaled virus between infected and susceptible population (Source: Jiang
etal., 2021)

Infected salesperson could release the virus into the environment by violent expiration (cough, sneeze,
talk) or simply exhalation. Customer-l are infected through close encounter (occurred droplet
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transmission or contact transmission). Customer-11 is infected through sniffing airborne COVID-19
(aerosol transmission). The transportation distance of droplet particles usually less than 1.5 m.
Inspirable and respirable particles could spread through the aerosol for long distances, while droplet
particles could transform into inspirable or respirable by evaporation. Deposited droplet particles
could be re-suspended through human activity and air agitation (Jiang et al., 2021).

Nevertheless, patients in group 1 were infected through exposure to the aerosol and draw-in a number
of COVID-19. Although the infectious characteristics of the incubation period of patients with
COVID-19 were ambiguous, whether there was direct contact between sales persons and customers
could be determined through exposure history analysis. Therefore, the transmission route of group 2
and 3 could be confirmed: there occurred in-plant or direct contact with an infection source in group 2;
customers in group 3 did not provide their clear exposure area in the Baodi Department Store and
close contacts may show various contact forms during their daily life (Figure 3).
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Fig. 3. The transmission chain in salespersons, customers and their close contacts (Source: Jiang et al.,
2021)

Case numbers 1, 2 and 3 are not only salespersons, but also providers of SARS-CoV-2 in aerosols.
Group 1 consists of case numbers: 2-6, 10, 13, 16, 17, 18, 20 and 23. Group 2 is composed by case
numbers: 7, 8, 11, 14 and 22. Group 3 is constituted by case numbers: 9, 12, 16, 15, 19, 21, 24 and
from 27 to 43. As COVID-19 virion is human-to-human transmitted, it is a threat to the global
population. It is critical to understand COVID-19 characteristics to deal with this ongoing pandemic
and to develop future treatments. COVID-19 virion is an enveloped, positive-stranded RNA virion
with a large genome (29.9 kb) belonging to the family Coronaviridae, order Nidovirales (De Wit et al.,
2016). One of the striking genomic features of this novel virion is the presence of a novel furin-like
cleavage site in the S-protein of the virion, which differs from SARS-CoV-1 and may have
implications for the life cycle and pathogenicity of the novel virion (Coutard et al., 2020). Firstly, it
was suggested that COVID-19 is a close relative of the RaTG13 bat-derived coronavirion (around
88% identity) rather than of SARS-CoV-1 (79% identity) or Middle East respiratory syndrome
coronavirus MERS-CoV (50% identity) (Lu et al., 2020). Although bats are likely natural reservoir
hosts for COVID-19, it was recently demonstrated that COVID-19 is closely related to a pangolin
coronavirus (Pangolin-CoV) found in dead Malayan pangolins with a 91.02% identity, the closest
relationship found so far for COVID-19 (Zhang et al., 2020).

In that study, genomic analyses revealed that the S1 protein of Pangolin-CoV is related closer to
COVID-19 than to RaTG13 coronavirion. Also, five key amino acid residues involved in the
interaction with the human ACE2 receptor are maintained in Pangolin-CoV and COVID-19, but not in
RaTG13 coronavirion. Thus, it is likely pangolins are an intermediate host in the transmission of
coronaviruses between bats and humans. In this manner, it was argued COVID-19 acquired mutations
needed for human transmission and will continue to evolve with novel mutations, as the pandemic
evolves (Zhang & Holmes, 2020). In this scenario, it is expected that diverse signatures of viral
variants spread among different populations in the world. However, a mutational signature from USA
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mutations was found in an Australian sample, suggesting a worldwide spread of this molecular
signature consisting of five-point variants. As proof of the latter, a single nucleotide polymorphism in
an Australian sample causes a bona-fide stop codon in the helicase protein. As genetic drift prompts
the mutational spectrum of the virion, it was recommended frequently sequencing the viral pool in
every country to detect the founder events relevant for COVID-19 testing in each population. So, it
was found that the early mutational events in COVID-19 virion by analyzing sequencing samples from
China, USA, Australia and GenBank sequences submitted between 27 March and 22 April 2020.
COVID-19 variants from the USA display five-point mutations with clonal patterns of spreading at a
considerably high frequency among samples. The efficiency of RT-qPCR testing can be potentially
affected by founder variants, since several SNPs affecting one of three primers sets currently used in
COVID-19 testing has been found. By the time of this publication, the available data could change the
conclusions presented in this manuscript as a result of further viral variants arising (Farkas et al.,
2020).

The virion present in the biggest aerial droplets penetrates the human organism adhering to the eye,
nose, and mouth mucosae or even through contact with previously contaminated surfaces that are then
concluded via touching the eyes, nose, and mouth (WHO 2020a). Leclerc et al. (2020) reported the
possibility of COVID-19 transmission via aerosols, combined with transportation via droplets,
primarily in restaurants (Lu et al. 2020) or in gym classrooms (Jang et al. 2020).

Transmission via short range aerosols cannot be disregarded, particularly in confined environments
where there is high human density and inadequate ventilation, in case there are infected people for a
prolonged time. There is a need for comprehension of the behavior of COVID-19 in the air using field
data involving monitoring and detection of this virus in ambient air. The WHO (2020b) performed
trials with the generation of aerosols from infectious samples using high potency jet nebulizers in
controlled lab conditions. These papers revealed that the COVID-19 viral RNA remains in the air for
up to 3 h (van Doremalen et al. 2020) and detected viruses with the capacity to replicate in 16 h (Fears
et al. 2020).

INCUBATION PERIOD

Generally, COVID-19 virion has an incubation period of 2—7 days. Although antibody-based detection
methods are rapid, they are readily affected by factors, such as sample hemolysis, the presence of
fibrin, bacterial contamination, and patient autoantibodies, resulting in a high false positive rate.
Therefore, nucleic acid detection continues to be the gold standard for COVID-19 diagnosis, with
several such methods having been employed for detection of the COVID-19 causative virion, COVID-
19. Polymerase chain reaction (RT-qPCR) is currently the most popular testing method for detecting
COVID-19. RT-gPCR is specific, rapid, and economic; however, it is unable to precisely analyze
amplified gene fragment nucleic acid sequences. Thus, positive COVID-19 infection is confirmed by
monitoring one or two sites. RT-qPCR exhibits high false-negative rates in clinical applications, which
can facilitate infection transmission through delayed patient isolation and treatment, resulting in
continued COVID-19 spread. The emergence of the new infectious disease COVID-19 is currently the
most intriguing field of research for the entire scientific community around the world. Unlike other
diseases, the gigantic effects of this pandemic go beyond the health dimension to have serious, even
disastrous consequences on other areas, namely, the economic situation of the affected countries, the
suspension of school and university activities, cultural, sporting events, etc. Virologically, COVID-19
is a new virion, not studied enough for virologists to give all the answers related to its spread mode.
As a result, scientists from all disciplines such as biologists, physicists, chemists, mathematicians, and
economists were intensively involved in the study of this pandemic in order to consolidate the
epidemiologist’s efforts. Early and accurate diagnosis of COVID-19 is of great importance for
controlling the spread of the disease and to reduce its mortality. Emerging laboratory and
epidemiological data suggest that environmental conditions may affect the current COVID-19
pandemic (Brassey et al. 2020).
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EFFECT OF METEOROLOGICAL FACTORS ON THE SPREAD OF COVID-19

Indeed, it was found that the effect of meteorological factors on the spread of COVID-19 is complex.
While the general perception is that higher temperatures make virion less transmissible or less
contagious, It was reported that COVID-19 cases and temperature showed a positive correlation, that
the correlation between rainfall and COVID-19 cases was negative, and that that the increase in
humidity was beneficial to stop the transmission of COVID-19. The influence of the COVID-19
pandemic on the environment is illustrated in Figure (4).

Fig. 4. The influence of the COVID-19 pandemic on the environment (Hafez et al., 2021)

Unfortunately, the work done by most countries to prevent and control the COVID-19 pandemic has
fallen short. Reasons include the unprecedented scale of the COVID-19 pandemic, the high degree of
infectiousness of COVID-19 and its rapid mutation rate, and its diverse means of transmission.
However, research on prevention and control have led to public health interventions including
maintaining social distancing, preventive e-guidelines and other educational tools, behavioural control
on risk aversion, and surgical masks and sanitizers (Raza et al. 2020a,b). It is recognized that vitamins
C, B6, and E and minerals such as zinc and magnesium have played and will continue to play vital
roles in sustaining immune function during the COVID-19 pandemic. Despite the COVID-19
pandemic, global food prices have remained stable. According to the Center for Strategic International
Studies, global prices only dropped 4.3% from February to March 2020 due to the demand for
contractions amid lockdowns and quarantines (Welshans 2020). The COVID-19 spread was also
reported in hot and humid conditions like Malaysia, Indonesia, and Singapore (Ahmadi et al. 2020).
Meteorological indicators could affect environmental stability, which further influenced the viability
of viruses. The humidity and temperature showed a significant impact on COVID-19 spread (Chen et
al. 2020). In China, both relative humidity and temperature significantly influenced the transmission of
COVID-19 (Wang et al. 2020a). Sajadi et al. (2020) mentioned that the nexus between temperature,
humidity, and respiratory virions. The variations in the temperature and humidity also influenced the
COVID-19 mortality (Ma et al. 2020). Prata et al. (2020) stated that it is hypothesized that variations
in average temperature could significantly affect the COVID-19. Jahangiri et al. (2020) wrote that
ambient temperature could be a crucial transmissibility factor behind COVID-19. Tosepu et al. (2020)
explored the correlation between the COVID-19 pandemic and weather indicators (minimum
temperature, maximum temperature, average temperature, and rainfall) in Jakarta, Indonesia.
Spearman-rank correlation confirmed a significant correlation between COVID-19 and temperature.

In Korea, the transmission of influenza was associated with relative humidity and low temperature.
Studies also highlighted that COVID-19 was linked with meteorological factors. Sahin (2020)
explored the linkages between COVID-19, population, and meteorological indicators (temperature,
wind speed, dew point, and humidity) in Turkey. The Spearman’s correlation confirmed the highest
correlations score for population, temperature, and wind speed. Bashir et al. (2020) revealed the link
among climate indicators (average temperature, average humidity, rainfall, air quality, and wind
speed) and COVID-19 in New York, USA. Correlation statistics confirmed a significant link between
climate conditions and COVID-19.
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There is a connection between the novel coronavirus and climate (Wacker and Holick 2013).
Meteorological variables are commonly considered crucial factors in the outbreak of infectious
diseases. Some recent cited works examined the influences of meteorological indicators on COVID-19
spread over the globe in different locations including China (Shi et al. 2020; Liu et al. 2020; Xie and
Zhu 2020; Ma et al. 2020), Iran (Ahmadi et al. 2020), Spain (Briz-Reddn & Serrano-Aroca 2020), the
USA (Runkle et al. 2020), Mexico (Méndez-Arriaga 2020), Turkey (Sahin 2020), Brazil (Auler et al.
2020), Indonesia (Tosepu et al. 2020), Singapore (Pani et al. 2020); Norway (Menebo 2020) and also
global scale (Sobral et al. 2020; Wu et al. 2020). Moreover, the environmental factors drive the
patterns of COVID-19 and found a relationship with meteorological indicators (Sajadi et al. 2020a).
Published cited studies on COVID-19 have agreed that meteorological conditions may influence the
COVID-19 outbreak (e.g., Tobias & Molina 2020). In addition to this, the WHO (2020a,b) also
reported that more robust research works are needed to develop predicting models and to implement
local health policies. Thus, a comprehensive study of COVID-19’s meteorology dependency in
various regions or cities is imperative to upsurge the current insights into its outbreak. Bangladesh is a
well-known climate-vulnerable country due to its high population density and complex meteorological
settings (Rahman & Islam 2019). As coronavirion can travel a certain distance through the air and can
sustain in the air form a long time, there will be a sure influence of the meteorological factors over the
transmission intensity of COVID-19. Contact transmission is the only process the virus affects one
from another as the virus contagious only from droplets. Contact transmission refers to how many
populations are likely affected by a single COVID-19 patient in a given environment. Dalziel et al.
(2018) told that the transmission of viruses was influenced by various factors like humidity,
temperature, and population density.

Epidemiological research revealed the linkages between meteorological indicators and COVID-19 but
the findings were not clear (Wu et al. 2020). Dry or cold weather was favourable for viral diseases like
influenza. The COVID-19 was mostly observed in the countries, located in low-temperature regions
(Liu et al. 2020). The COVID-19 spread was normally observed in areas having low annual average
temperatures (3—17°C). Chinese researchers mentioned the link between humidity, temperature, and
COVID-19 outbreak. The COVID-19 spread was lower in warm and humid regions of China.
Researchers from Finland and Spain reported that 95% of global infections take place between 2 and
10°C, and in dry climates.

ENVIRONMENTAL FACTORS AND THE PANDEMIC COVID-19

The epidemiological dynamics of many infectious diseases depend upon environmental factors. The
Severe Acute Respiratory Syndrome was linked with environmental factors (Sobral et al. 2020).
Epidemiological research explored the association between coronavirion and meteorological indicators
but the findings were not clear (Wu et al. 2020).

The environmental effects of the COVID-19 pandemic have received relatively little attention (Figure
5). The positive and negative impact of COVID-19 on the total environment, ecological sustainability,
and earth systems have not yet be discussed.
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Fig. 5. Environmental factors have significant effect on COVID-19 transmission, and vice-versa
(Sourc: Shakil et al., 2020).
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Coronavirions named due to their spherical and pleomorphic outer fringe resembling crown belongs to
the family of enveloped Ribonucleic acid (RNA) virions (Burrell et al. 2016). Some studies (e.g., Gale
et al. 2010; Stott 2016) mentioned that climate change was linked with the emergence and spread of
various infectious diseases. Literature showed that cold and dry weather is favorable for the
transmission of dropletmediated viral diseases like influenza. The COVID-19 pandemic was mostly
observed in the countries, located in low-temperature regions (Liu et al. 2020).

Analyzing 166 countries, Wu et al. (2020) reported that the 1°C rise in temperature was responsible
for 3.08% and 1.19% reduction in daily cases and daily deaths, respectively. On the other hand, 1%
rise in relative humidity was responsible for 0.85% and 0.51% reduction in daily cases and daily
deaths, respectively.

Several environmental factors, such as the nature of surfaces of objects and the role of transmission
airborne infections, have attracted great attention from the public. Further systematic understanding of
the impact of environmental factors on human-to-human transmission of this virus may be extremely
important in designing measures to contain the COVID-19 epidemic (Bedford et al. 2020, Nakada &
Urban 2020).

Among many environmental factors, population density is one of the conditions that cannot be
underestimated and may affect the infection rate of COVID-19. Population density may directly reflect
on whether and how social distancing and travel restriction work to slow the spread of COVID-19
(Gewin 2020; Gibson & Rush 2020). Theoretically, it was found that the higher the population
density, the greater the chance of COVID-19 infection. However, it is still unclear to what extent
population density affects the infection rate of COVID-19.

This pandemic has led to unexpected consequences, such as forced reductions in demands for
industries, transportation systems, and all businesses due to public confinement; these declines have
caused carbon emissions to drop and reduction in waste recycling. Other effects of the COVID-19
pandemic have been a drop in coal and oil consumption worldwide, a phenomenon that has
contributed to a large-scale decline in air pollution. While this reduction is essential for environmental
health in general, it also benefits individuals who contract COVID-19. Indeed, areas with higher air
pollution have presented markedly higher mortality rates from COVID-19.

Governments in countries and regions around the world have taken mandatory precautions by using
alcohol disinfectant, hand sanitizer, gloves, and masks to avoid the harm caused by COVID-19,
especially vulnerable groups such as middle-aged and elderly people, children, and the infirm, which
produces a large amount of medical waste and domestic garbage. If medical waste and domestic
garbage are not handled properly, it will pollute the atmosphere, groundwater, surface water, and soil,
which is not conducive to environmental supervision and sustainable development (Bashir et al. 2020).
Medical waste and the trash from personal protective equipment, such as gloves and masks, are also
on the rise. Some fast food and retail chains have banned the use of reusable cups and food containers.
Thus, the oil industries have produced more plastics to mitigate financial losses. The generation of
inorganic and organic waste has been increased due to the consumer's demand for online shopping and
home delivery, and trash recycling has been reduced in many countries because of the concerns about
the hazard of COVID-19 spreading in recycling centers (Zambrano-Monserrate et al. 2020). It is an
unexpected major public health security incident, and it has the global characteristics of a wide range
of infections, fast spreading speed, and difficult prevention and control. The outbreak of the COVID-
19 pandemic has adversely affected all aspects of life and poses a severe threat to human health and
economic development.

As of 1% of May 2021, the cumulative number of cases diagnosed with COVID-19 in the world was
more than 153 million, whereas more than 3 million cases died (Coronavirus Update (Live):
https://www.worldometers.info/coronavirus - Worldometer 2021). As a direct effect of the outbreak,
more than 160 countries are fighting to combat the spread of COVID-19 and taking protective
measures to save their citizens from the pandemic; at the same time, research institutes, drug
corporations, biotechnology institutes, and research groups all over the world are racing to develop
effective drugs or potential vaccines for COVID-19 (Sharpe et al. 2020; Thanh et al. 2020; Pooladanda
et al. 2020; Hachfi and Ben Lasfar 2020; Mullard 2020; Biopharma products in development for
COVID-19 2021).

The COVID-19 outbreak has not only significantly affected the supply chains of manufacturers and
retailers around the world, the development of the tourism industry has been restricted, education
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methods have begun to shift to online distance learning, and business organizations are paying more
and more attention to the application of digitization and artificial intelligence, which has caused a
great impact on global environmental conditions and supervision (Krishnamurthy 2020; Lee & Trimi
2021; Sharma et al. 2020; Sigala 2020; Verma & Gustafsson 2020). In response to this major public
health incident, various countries and regions have implemented a series of control measures and
adopted a closed management model to reduce contact between people.

The current available data in coronavirus infections provides an opportunity to conduct a preliminary
analysis of the impact of population density on the infection rate of COVID-19. For example, the
number of people infected in different cities with different population densities in China has been
reported (Huang et al. 2020).

Lockdown measures have greatly reduced economic, industrial, and social activities, and therefore
reduced various types of pollution emissions, and improved the global environment (Arora et al.
2020).

In addition, the emergency purchase of disposable products has increased production and
consumption, thus hindering global efforts to reduce plastic pollution (Sarkodie & Owusu 2020). The
occurrence and spread of COVID-19 are closely related to environmental issues such as air pollution
and water pollution. A survey of global environmental conditions found that environmental conditions
with suitable temperature, high air humidity and rainfall, and high air pollution are more conducive to
the spread of COVID-19 (Ahmed & Ghanem 2020).

COVID-19 virlON can survive for many days in untreated sewage. Some countries and regions with
large populations but low sewage treatment facilities have a very high probability of being infected by
the COVID-19 virus (Bhowmick et al. 2020). A low-temperature environment can prolong the activity
of the COVID-19 virus. An investigation showed that the COVID-19 virus was detected in frozen and
refrigerated food, and there were two repeated outbreaks of the epidemic related to contaminated food.
This proves that COVID-19 can be spread through the contaminated food cold chain (Han et al. 2020).
The environmental sustainability in the context of the pandemic has aroused widespread concern in the
global community. The COVID-19 pandemic was first discovered in Wuhan, China, in December
2019. The countries that reported COVID-19 cases first after the outbreak in China were Thailand,
Japan, South Korea, Taiwan, and Vietnam, and then spread to most global countries and regions.

Since the outbreak of COVID-19, it has rapidly spread to most developing countries around the world,
and the number of deaths from COVID-19 has gradually increased in developing countries such as
India and Iran. Developing countries have resisted greater pressures on safety, health, and
environmental protection, and have an urgent need to deal with this sudden challenge.

Most developing country governments and academics have learned lessons from this pandemic and
plan for a transformation to create a greener and more resilient environment. The core of these
transformations is to obtain timely high quality, classified data analysis and statistics, which will help
the government to formulate effective and fair measures and policies (Editorial 2020).

To solve the root cause of COVID-19, it is clarify complex condition between the environment and the
pandemic. By revealing their interaction, it can be better to prevent and control new infectious
diseases (Chin et al. 2020). China and other developing countries were the first to be pressured by the
safety, health, and environment under the influence of the COVID-19 pandemic.

The COVID-19 is stable for up to 4 h in copper surfaces, up to 24 h in cardboard, and between 2 and 3
days in plastic and stainless steel, according to the article by the National Institutes of Health (NIH,
2020), Centers for Disease Control & Prevention (CDC, 2019).

Scientists discovered that COVID-19 was detectable in aerosols. The results offer important data on
COVID-19 stability and suggest that people may acquire the virus through the air, as well as by
touching contaminated objects. Papers report on the mechanisms of its transportation, and there is
evidence that this is a significant route of infection in indoor environments (Bae et al. 2020; Bourouiba
2020; Qureshi et al. 2020). Research results showed that long-term exposure to certain air pollutants
can lead to more serious coronavirus infections and more difficult recovery. Berman & Ebisu (2020)
assessed the air quality during the COVID-19 pandemic in the continental USs from January 8, 2017,
to April 21, 2020. The countylevel pollution concentration during the historical period and the new
crown pneumonia period was compared. Chen et al. (2020) used the attribution score method to
estimate the daily specific cause-of-death mortality that China avoided during mass quarantine due to
reduced air pollution.
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Le et al. (2020) found that during the outbreak of China’s new crown pneumonia, air pollution was
abnormal, and air pollution was alleviated. Wang et al. (2020) used the community multi-scale air
quality model from January 1 to February 12, 2020, to study the changes in PM_5 in 10 cities in China
under the emission reduction scenario after the blocking the city of the epidemic. Wu et al. (2020)
investigated the number of COVID-19 deaths in more than 3000 counties in the USA and the county-
level PM_ ;5 long-term average, fitted a negative binomial mixed model, and performed more than 68
additional sensitivity analyses. It was found that with an increase of 1pg/m3PM2.5, the COVID-19
mortality rate increased by 8%. He et al. (2020) inferred the short-term impact of COVID-19 on air
pollution in Chinese cities and used the difference model in difference to compare cities with and
without lockdown policies. It was found that the city blockade had made a considerable improvement
in air quality.

Contini & Costabile (2020) found that exposure to air pollution can increase vulnerability and
adversely affect the prognosis of COVID-19 patients. Shehzad et al. (2020) discussed the effectiveness
of COVID-19 on air pollution in Indian Territory from January to April 2020. By implementing an
artificial neural network model, Magazzino et al. (2020) estimated a precise point in the neural
transmission from PMyo and PM.s to the number of deaths due to COVID-19 in the three cities of
Paris, Lyon, and Marseille in France. This point would describe the predictable concentration of
particulate matter, which would lead to an increase in the number of deaths due to COVID-19. Singh
et al. (2020) estimated the changes in six standard air pollutants during the national lockdown in India
caused by the COVID-19 pandemic.

Perera et al. (2021) focused on the single particulate matter (PM.s) during the COVID-19 shutdown.
Pollutants are divided into two as primary and secondary pollutants. Primary pollutants are produced
mainly by a process similar to a volcanic eruption, carbon monoxide released from motor vehicle
exhaust, or sulfur dioxide released from industrial enterprises. Major primary pollutants are hydrogen
sulfide, SO2, CO, NOy, Os, hydrocarbons, CO2, CHa, lead, and volatile organic compounds (VOCs).
Secondary pollutants are not released directly; instead, they are formed by the reaction or interaction
of primary pollutants in the air. Ground-level O3 is an important example of secondary pollutants.
Ground-level O3z has recently been one of the important parameters followed in terms of urban air
pollution, especially in developed countries. In addition, peroxyacetyl nitrate, chlorofluorocarbons,
formaldehyde, ammonium sulfate, and nitric acid are other important secondary pollutants (Masiol et
al. 2017).

Does the concentration of air pollutants decrease during the lockdown? Does the air quality index
improve during the lockdown? Comunian et al. (2020) analyzed the role of Italian particulate matter in
the spread and increase of COVID-19 morbidity and mortality. Copat et al. (2020) systematically
reviewed the literature on the relationship between some atmospheric pollutants (PMzs, PMio, NO>)
and the spread and mortality of COVID-19. Cole et al. (2020b) estimated the relationship between
longterm air pollution exposure and COVID-19 in 355municipalities in the Netherlands. Hendryx &
Luo (2020) tested the relationship between long-term exposure to air pollutants, possible pollution
sources, and the prevalence andmortality of COVID-19 in the USA as of May 31, 2020, through linear
multiple regression analysis with mixed models.

Air pollution particulate matter (PM) and COVID-19 can form complex in water surrounding (Figure
6), where PM after drying can serve as a carrier for both short- and long-distance transportation of the
virus, including outdoor and indoor one.

| solar radiation ?

Uncontrolled transmission of viral particles
for a short- and long-distance

Fig. 6. Interaction of air pollution particulate matter with CoVs and uncontrolled transmission
(Source: Borisova & Komisarenko, 2021)
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Therefore, a possibility of unspecific interaction of COVID-19 envelope with air pollution PM and its
transmission and transfection being immobilized at the PM surface were considered (Borisova and
Komisarenko, 2021). Different envelope compositions and size of viruses can influence their
capability and efficiency to form complex with PM. Despite the fact that PM concentrations in the air
were decreased due to reduced anthropogenic activity during quarantine, residual PM can be enough
to perform carrier service for COVID-19; moreover, exact virus infection doses are still not identified.
Adams (2020) assessed the air pollution response in Ontario, Canada, during the COVID-19
emergency. Benmarhnia (2020) discussed the methodological challenges and opportunities for the link
between air pollution and COVID-19, focusing on the role of air pollution as an influence modifier in
the temporal and spatial variability of disease transmission and changes in the severity of symptoms
and mortality.

Azuma et al. (2020) conducted a longitudinal cohort study on the potential relationship between the
spread of COVID-19 infection and climate or ambient air pollution in 28 regions of Japan. Son et al.
(2020) investigated the impact of COVID-19 mitigation measures on air pollution levels in 10 USs
and the District of Columbia and subsequent decline in mortality.

Rahman et al. (2021) performed partial correlation analysis and linear mixed effect modelling to
evaluate the association of the spread rate and motility of COVID-19 with maximum, minimum,
average temperatures and diurnal temperature variation and other environmental and socioeconomic
parameters.

After controlling the effect of the duration since the first positive case, partial correlation analysis
revealed that temperature was not related with the spatial variability of the spread rate of COVID-19 at
the global scale. Mortality was negatively related with temperature in the countries with high-income
economies. In contrast, diurnal temperature variation was significantly and positively correlated with
mortality in the low and middle-income countries. Taking the country heterogeneity into account,
mixed effect modelling revealed that inclusion of temperature as a fixed factor in the model
significantly improved model skill predicting mortality in the low- and middle-income countries.

The pandemic has already brought changes in social, economic, political, cultural and environmental
aspects around the world. The first study which tested the effect of temperature and humidity on the
COVID-19 associated with mortality reported that temperature had a positive link with the mortality in
Wuhan, China (Ma et al. 2020).

Air quality of a city or region may be related with the health condition of the people of that region
particularly the condition of respiratory system. Since the air quality index data were not available for
all the countries authors took forested area, CO, emission, protected area percentage, number of
threatened species as the proxies for air quality indicators. The specific management strategies such as
lockdown, increased facilities for PCR testing may help tackle COVID-19 pandemic. Particularly,
lockdown was found to suppress COVID-19 both in developed and developing countries (Atalan
2020; Shammi et al. 2020).

To control the spread and related fatalities, an immediate lockdown was imposed by many countries to
minimize the movement of infected people and thereby to abate the adverse health effects. The
lockdown resulted in reduced vehicular movements, staunched construction activities and halted
industrial operations resulting in reduced air pollution. Despite improvements in ambient air quality as
reported in several studies, indoor air quality showed negligible improvement during the period of
lockdown.

CONCLUSION

Public health and the global economy faced huge problems due to COVID-19. The spread of the
virion may be contained by maintaining proper social distance, personal hygiene, avoiding gatherings,
and visiting places like hospitals, meetings, and public transportations, which have a high risk of such
virus contamination. Furthermore, the transmission of the virus has been reported through the air in
the form of aerosols causing widespread mortality. Based on the above literature review, it is of
importance to correlate weather variables (including average daily temperature, maximum
temperature, relative humidity, wind speed, pressure, and average daily solar radiation) to COVID-19
active cases. At the global level, most research institutions and scholars have taken the lead in
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researching the impact of COVID-19 and its driving factors. As the disease was exponentially
increasing from day to day basis; stakeholders like the regional health bureau and the zone health
department as well as specific district health offices should give special attention to improve their
knowledge and change the attitude towards prevention measures. Improving frontline community
health workers’ prevention status is basic to save other communities as a whole because their roles
were totally within the community. Jimma zone health department and other stakeholders should give
training for those who have not taken it yet and assess their status regularly.

Energy has suffered a huge impact, and advanced technologies such as artificial intelligence and big
data can help decision makers, scientists, and health workers better understand the changes in
environmental conditions during the COVID-19 pandemic, and play an important role. Therefore,
governments in worldwide countries should learn from the pandemic and formulate relevant policies
to maintain normal economic operations while maintaining good environmental quality conditions to
reduce the possibility of an outbreak. In addition, policymakers should further adjust and improve the
energy consumption structure, pay more attention to formulating policies with multilateral
environmental constraints while strengthening R&D investment, and introduce strict environmental
policies to promote the sustainable development of energy.

In addition, worldwide countries need to exchange and share knowledge, and learn from each other in
the fields of artificial intelligence and big data, and also the experience and resources of on COVID-19
and environmental research to form a stable and global scientific research cooperation force, so as to
jointly respond to the challenges of the COVID-19 pandemic and build a greener, environmentally
sustainable world. This view provides a macro-system analysis of the global COVID-19 pandemic and
environmental research, comprehensively assessing the research capabilities of COVID-19 and the
environment in world countries, and policy recommendations for countries to meet the environmental
challenges induced by the pandemic were offered. In addition, author recommend that future research
further investigate the impact of big data and artificial intelligence on the environment during the
COVID-19 pandemic and enrich the selected database.
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NEW CONCEPT HAZELNUT UNSHELLING APPARATUS
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Abstract: Hazelnut is an important agricultural product in the world with an annual production of one million
tons and a value of 3 billion dollars. It is an indispensable product in the chocolate industry and is widely used.
Crushing and roasting processes are widely applied. crushing process is done with huge capacity in stone mill
systems. This is an obstacle to the existence of small and medium-sized enterprises in the sector. This work
represents a new concept and approach to hazelnut crushing/unshelling systems suitable for domestic use and for
different size enterprises.

Keywords: hazelnut, crushing, new concept, enterprise

INTRODUCTION

Hazelnut is a recommended food for balanced and healthy nutrition [1]. It is also preferred to be
consumed as snacks [2]. It can be found up to 26% in the contents of chocolates, depending on their
style and brand [3]. Shell crushing methods in nuts can be classified as crushing by impact, crushing
by compression force, breaking by vacuum pressure, breaking by cutting with hard thin blades,
crushing by crushing and rubbing, and by throwing and knocking [4].

For the improvement of process efficiency is necessary to handle all the processing steps from storage
to packaging. This is a rational approach for high added value nuts and hazelnut products in industrial
plants [5]. The necessary improvements to ensure this quality and efficiency can be achieved by
reducing the cost of the hazelnut shelling process, which is the first step in the production by
extracting the kernel from the shell. In addition to reduce initial investment and maintenance costs, the
development of such systems those will also reduce the rate of impacted hazelnut will bring positive
results on industry.

By industrial applications, the unshelling/crushing process is generally carried out in stone mills up to
120 cm in diameter. These mills also have upper stone and lower stone. The upper stone is made with
hole in the middle so that the shelled hazelnuts can pass into the mill crushing basin. In addition, the
upper stone lower surface is formed in the form of a jaw in order to fulfill its crushing function. The
upper stone jaw can move up and down with a screwed movement mechanism in order to adjust the
gap. The bottom stone is rotated at certain speeds via of an electric motor. The hazelnuts, which reach
the unshelling operation part/point by falling from above, are forced to pass through the jaw which is
smaller gap size comparing with kernel diameter by being thrown through this rotational movement
and due to centrifugal forces and drag effects in the air beam. Just the time the crushing/unshelling
process also takes place. Another important equipment in the system is the diameter sizing sieves.
Diameter sizing sieves are made by means of rotating cylindrical drums of circular cross section.
These drums are generally 6 meters long by folding the perforated sheets in succession and gradually
increasing the hole diameters and splicing them together in widths of 50 cm. Such traditional systems
are large-scale and cumbersome in nature. There are also pre-storage requirements before entering the
grading drums. In addition, unshelled hazelnut kernels must have been storaged in suitable sized
chambers where they fall along the axis of the grading drums. The vertical lengths of these chambers
are quite large compared to other dimensions. Elevator-like transport equipment is also required for
the system to complete its function. These transporting equipment’s primarily ensure that the
hazelnuts, which are sorted by length and kept in suitable chambers, are transmitted from the front
storage to the grading drums, and secondarily, to the upper parts of the crushing mills. In such
traditional systems, the crushing jaw must be preset according to the diameter of the hazelnuts to be
sent to the mill. They are large-scale systems that require huge storage, stocking and installation areas,
with capacities of 1000-2000 kg/h per crushed stone. These systems are bulky and require huge
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volumes. It is also not suitable for small businesses. It is important to develop processes and systems
that create competition and use energy effectively.

MATERIAL AND METHODS

Therefore, such systems are suitable for large-scale companies. It is an important obstacle for small
and medium-sized enterprises to exist in the sector. This weakens competition and may prevent
desired reductions in product processing costs. In recent years, micro-scale stone crushing mills have
been developed. In this type of micro crusher mills, there are grading rollers just above the crushing
mills. In the structure consisting of two nested cylinders, slit spacing can be increased by moving one
of the cylinders on the horizontal axis. In accordance with this range, the jaw crushing width is
adjusted simultaneously with the stepper motor mechanism. These systems require complex software
and precision engines. Therefore, initial investment costs appear as an important parameter.

The new type of crushing system developed and proposed by the author of this article is especially
suitable for small boutique businesses. It offers significant reductions in storage areas and product
transport systems. They are compact systems that can easily adapt to environmental technologies that
use energy and space effectively. It performs the crushing/unshelling process simultaneously with the
diameter sizing or magnitude sorting. It does not need complex software and such systems as stepping
motors, which are advanced technology products. Therefore, the initial investment cost is significantly
lower than competitive systems. Crushing mill driving motors are direct current motors that need 12 V
supply. Its energy can be easily supplied through batteries and PV panels. Product view is presented in
Figure 1.

Fig. 1. Author concept and design of hazelnut unshelling apparatus
RESULTS AND DISCUSSION

A crushing device with 300x150x500 mm dimensions and a unit weight of approximately 15kg has
been developed. Two-stage operating speed is possible with this device. The maximum crushing
capacity is about 20 kg/h. In addition, the rate of grain fragmentation, which is called product
shredding, is around 10%. It presents quite acceptable values for such a compact and small apparatus.
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CONCLUSION

The simple and robust structures of these systems, their environmental friendliness (easy adaptation to
renewable energy), low initial investment and operating costs offer significant advantages. It will be
able to bring important alternatives to the expensive and large systems that dominate the sector. Due to
competitive systems, final product prices may be more attractive to consumers. As a result,
accessibility and more widespread consumption of hazelnuts, which are a means of qualified and
healthy nutrition, will be ensured.
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Abstract: The dynamic stability of a pipeline resting on a damped Winkler elastic foundation and immersed in
fluid that is moving with a particular velocity is investigated. The Galerkin method is employed to approach
numerically the problem. Conclusions are drawn on the influence of the damped Winkler elastic foundation on
the critical flow velocity of the pipeline.

Key words: stability, fluid, critical flow velocity, immersed pipe, damped Winkler elastic foundation

INTRODUCTION

Pipes with flowing fluid and immersed in fluid are used in many areas of the industry. The flow of the
fluid in the tube as well as the flow of the external fluid causes oscillations in it. A number of
scientists are conducting research in the field of fluid-structure interaction.

Gregory and Paidoussis [4] were the first to present a solution to the equations describing the
dynamics of the pipe. They define the velocity of the fluid at which the pipeline loses stability as the
critical velocity of the fluid.

Deng and Yang [2] studied the dynamics of pipes with different types of flowing fluid. The tubes are

immersed in fluid. The pipe is considered as a cylindrical shell. Numerical surveys have been

performed. The fluid-filled tubes examined in [3] are buried in an elastic solid or immersed in fluid. A

semi-analytic finite element method is applied. The results are compared with those obtained by the

scaled boundary finite element method. Great coincidence of the results is observed.

In [5] is presented an investigation about the dynamic stability of a pipe with a flowing fluid

immersed in a non-viscous fluid moving at a constant speed. It is also given an analytical solution for

the same type of pipe with a rigid body attached at one of its ends.

Lin and Qiao [6] examined an axially moving pipe immersed in a fluid. The Differential quadrature

method is applied. Pipes with three types of supports at both ends were studied: fixed-fixed, pinned-

pinned, pinned + torsion spring - pinned + torsion spring. Parametric studies have been performed.

In study [7] is considered a moving tube immersed in fluid. An analytical solution for non-viscous

and viscous fluid is presented. Brennan [1] presents research on the inertial forces with which a fluid

acts on a body immersed in it. Examples of analytical research and experiments are presented.

Wu and Shin [8] performed a dynamic study of a continuous tube conducting fluid. Transfer matrix

method is used. Lolov [9] investigates fluid conveying pipe immersed in moving fluid and lying on

Winkler elastic foundation. Numerical studies have been performed to determine the critical

velocities of the two fluids.

The present article examines the dynamics of a pipe lying on a damped Winkler elastic foundation.

The dependence of the critical velocity of the fluid in the pipe on the critical velocity of the external

fluid for different parameters of the of the damped Winkler elastic foundation is investigated.

VIBRATION OF A FLUID-IMMERSED STRAIGHT PIPE CONVEYING FLUID

The transverse vibration of a fluid-immersed straight pipe conveying inviscid fluid and lying on a
damped Winkler elastic foundation is governed by the following differential equation [5]:
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where t is the time, W(x,t) is the lateral displacement of the pipe axis, X is the coordinate along the
axis, El is the rigidity of the pipe. The mass of the pipe per unit length is denoted by m, and the

mass of the fluid per unit length of the pipe by m; . m, is the added mass of the external fluid. V is

the flow velocity of the fluid in the pipe and V, is the velocity of the external fluid. k,, and d,, are

respectively the rigidity and the damping coefficient of the foundation.
The added mass of the external fluid per unit length of the pipe m, in the case when the pipe is close
to a horizontal plane (Fig.1) is calculated by the following formula, given in [1]:

2
_ 2 r
me = 7zpel’ (14‘ WJ (2)

where p, is the density of the external fluid.
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Fig. 1. A scheme for obtaining the added mass of the external fluid

The spectral Galerkin method is applied to approximate the solution of differential equation (1). The
solution is sought in the following form:

w(x,o:éyi ()2 (1) @

where:

Z; (t) - are unknown functions;

Yi (x) - are basic functions that satisfy the boundary conditions of the pipe. Such functions are the
functions describing the i-th mode of vibration of a beam with the same static scheme as the immersed

pipe.
On the basis of the differential equation, describing the lateral vibrations of an immersed tubular

beam, filled with stationary fluid (V =0) is obtained [8]:

yi¥ (x)=7" yi(x) 4)
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where:

(mf +m, +me)co,2
/i :i/ El ©

where @; is the circular frequency of the beam.
Substituting equation (3) into equation (1), one obtains the residual function:

>

R(x,t) :Z{(mf +my +m )y,z +[dwy,+2(me+mV )y,]z +[(Ely +k )y,

(me +m ) Jz} (6)

In (6) and in the sequel, primes denote derivatives with respect to X and dots with respect to the time
t.
The Galerkin method requires the residual function R(x,t) to be orthogonal to the basic functions in

the interval x €[0;1]:

R(x,t)y,(x)dx =0, for k=1...,n 7)

O ey —

Equation (7) is rewritten in the following form:

n

|
I{(mf +my+ me)yi'z'i +[dwyi + 2(me + meve)yi’]z'i + [(Ely4 + kw)yi +
:10

+(me2 + mevez)yi”Jzi }yk dx =0 for k =1,...,n (8)

Equation (8) represents a system of n differential equations with n unknown functions zi(t). In

order to solve the system, the described in [8] method is applied. According to it the pipe is divided to
sections with length AXx . The following relationships are taken into account:

|
[ vi v ax=1y; 7 {yic jax (©)
0
|
j ¥i Vi dx = {y{ " {yic fax (10)
j Yi Vi o= 1M, T {yy fAx (11)

where in (9),(10) and (11):
{yi} - is a column vector consisting of the lateral displacements of the stations on the axis of the pipe,

corresponding to the i -th eigen form in the case of stationary fluid (V =0);
{yi’}- is a column vector consisting of the rotations of the cross-sections in the stations on the axis of

the pipe, corresponding to the i-th eigen form in the case of stationary fluid (V =0);
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{Mi} - is a column vector consisting of the bending moments in the stations on the axis of the pipe,

corresponding to the i -th eigen form in the case of stationary fluid (V =0).
Substituting (9),(10) and (11) in (8) the following system of n differential equations with n unknown
functions z; (t) is obtained:

{(mf +Mmp+m ){y,} Wi J% + [dW{Yi T i)+ Z(me + meVe){yi'}T Wi }i]zi +

M

=1

{(Ely4 n kw){yi Ty )+ (me 2 4+ mV2 )%{M ATy }}zi}Ax =0 (12)

The system (12) could be rewritten in matrix form:

MZ+Cz+Kz=0 (13)
The general solution of the system (12) is expressed through the roots (4,..., Ao, ) of the equation:
detX =0 (14)

The elements of the matrix X are given by:

Xix = ZM;y + ACjy + Ky (15)
M, _(mf + My +m ){y,} Vi JAX, M =0 (wheni=k) (16)
Cic = [du i) i 2 s o Jax (an
Kik = I:kw{Yi v+ (me2 + meVez)%{Mi}T {yk}:|AX+ Eik (18)
Ei = Ely*AX, E; =0 (wheni=k) (19)

On the basis of obtained roots (y,..., Ap,) could be drawn conclusions about the stability of the

system. The system is stable if the real part of all the roots of the characteristic equation (14) is
negative.

The roots (Ay,..., Ao, ) depend on all the parameters of the system. If all of them are fixed except the

velocity of the conveyed fluid V or the velocity of the external fluid V,, one could obtain the
corresponding critical velocities.

RESULTS AND DISCUSSION

Numerical studies have been carried out for the fluid conveying pipe in Fig. 2.

The geometric and the material characteristics of the pipes are: rigidity El =771.26 kKNm?;
m, =10.80kg/m; m, =18.02kg/m. The density of the external fluid is p, =1t/m and the
density of the internal fluid is ps =1.2t/m.
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Fig. 2. Static scheme of the investigated pipe conveying fluid

In the Figures below is shown the dependence of the critical velocity of the fluid in the pipe V. on
the critical velocity of the external fluid V, ., for different parameters of the of the damped Winkler

elastic foundation. The sign ‘minus’ on the graphics corresponds to a velocity of the extremal fluid V,
that is in opposite direction of the velocity of the internal fluid V .

V.. [m/s] ‘
1.6 ‘
14 Legend:
parameters of the damped elastic foundation
1.2

® k =10 kN m? d, = 0 kNs/m :
A k=10 kN m’ d, = 50 kNs m?
10] I I m k=10 kN/m* d = 100 kNs/m*

% k,=10 AN m? d,= 150 kN’ m>
A o N\

| 0.2 | | |
Vo or [M/s]

—
2.0 EY. 10 -05 0 0.5 1.0 1.5 2.0

Fig. 3. Dependence of the critical velocity of the fluid in the pipe V, on the critical velocity of the

external fluid V, ¢, for k, =10kN /m?
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Fig. 4. Dependence of the critical velocity of the fluid in the pipe V, on the critical velocity of the

external fluid V, ¢, for k,, =30kN /m?
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Legend:
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12 N

®  =50kN m? d, = 0kNs /m?

A k=50 kN/m* d =50 kNs/m’®
m k=50 kN/m* d,= 100 kNs/m*
% k,=50 kN/m® d,= 150 kNs/m*

Ve.cr [m/s]
-

-2.0 -1.5 -1.0 0.5 0 0.5 1.0 15 2.0
Fig. 5. Dependence of the critical velocity of the fluid in the pipe V,, on the critical velocity of the

external fluid V, ¢, for k,, =50kN /m?

CONCLUSION

The results in Fig.3, Fig.4 and Fig.5 show that for the investigated system the damping of the Winkler
elastic foundation has a destabilizing effect. The bigger the damping parameter d,, the smaller is the
stability area depicted in the Figures.
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Abstract: The paper investigates the possibility of applying the concept of production on the principle of the so-
called. group technology, i.e. the creation of work units (cells). This solution modifies the traditional layout
according to the process, using all the advantages of line production. To make that possible, it is necessary to
have a stable production program as one of the most influential factors in the choice of spatial structure. The
following factors have been observed: the process of grouping parts of machine tools in the overhaul by applying
the classification system and subject approach in the construction of production structures.

The first phase of empirical research has been related to the classification and categorisation of parts - production
programs.

In the second phase, the analysis of classification and operational similarity of parts in the machine tools
overhaul process has been performed.

The third phase has been related to the analysis of the representation of operational groups of individual machine
tools in relation to the total number of formed operational groups in the machine tools overhaul production
system.

Research has shown that there are certain laws in the formation of operational groups, which can reliably assess
the impact of analysed factors on the formation of permanent work units in terms of equipment allocation and
workplaces (layout) regardless of the introduction of different types of machine tools in the overhaul process,
and that has enabled the overhaul process efficiency increase in the overhaul system.

Key words: group technology, work unit, overhaul, machine tool, layout

INTRODUCTION

Today, the problem of increasing the efficiency of the machine tool overhaul process is given
extraordinary attention. The reasons for that should be sought in the fact that machine tools form the
basis of the production process in the metal industry. Their overhaul represents an unjustified cost for
both users and manufacturers. Therefore, ways are being sought to reduce these costs, i.e. to increase
the efficiency of the machine tools overhaul process.

In this regard, an efficient overhaul, especially its subsystem for the production of parts of machine
tools which are in the process of overhaul, requires an appropriate choice of spatial structure. The
selected spatial structure directly determines the material flow system, which is reflected in the
controllability of production, production cycles and the degree of utilization of means of
production|[3].

The choice of spatial structure is influenced by a number of factors, the most influential of which are
the production program and technology, i.e. the product assortment and quantities, degree of
constructional and technological similarity of products, shape, dimensions and tolerances, rate of
product changes, market life cycle etc.[3].

On the basis of the abovementioned, the main goal of restructuring the existing spatial layout, in our
case that is the machine tools overhaul production system, has been to explore the possibility of
applying the concept of production on the principle of so-called. group technology - creation of work
units (cells). This solution attempts to modify the traditional layout according to the process, by using
all the advantages of line production[8]. To make it possible, it is necessary to have a stable
production program, as mentioned earlier, as one of the most influential factors in the choice of spatial
structure.

The basic hypothesis in this paper is derived from the stated and reads:

By applying the group technology, i.e. the classification system to the production program of the
machine tools overhaul production system, it is possible to obtain a stable production program in the
form of a finite number of operational groups.
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We will prove this hypothesis by the fact that the application of group technology, i.e. of the
classification system on the production program of the machine tools overhaul production system, can
lead to the formation of a finite number of operational groups regardless of the introduction of
different types of machine tools in the overhaul process.

GROUP TECHNOLOGY

In order to take advantage of batch production and, in some production systems, of individual
production, the idea of group technology appeared in the sixties of the 20th century. Group technology
is a concept according to which work objects with similar characteristics are grouped into families
(groups). The approach is based on integrating the work objects with similar characteristics, on the
basis of a classification system that contains the criteria of categorisation into the groups of work
objects with similar technological characteristics. A group of work objects obtained in the mentioned
way on a certain work operation is called an operational group. It takes place with a certain flow of
the production system once or a few times in the observed time period as a function of the type of flow
and forms the basis for designing the group flow of the work process. The goal is to facilitate the
processes of design - construction, development of technological processes and design of production
structures.
Grouping procedures enable visible reduction of technological work, organisation of material flows,
easier control of data flows and bases, directing the work of technologists, constructors, planners and
flow controllers to the operational group as the basic unit of the system, thus achieving significant
output effects.
The basis for setting up of a grouping system is the system of classification, i.e. of the categorisation
of the work objects of the program in question into groups, where this term implies a system which
sets out the conditions of classification. The classification process basically consists of the division of
the basic set into subsets according to certain characteristics and is essentially a decision-making
process aimed at shaping the subsets according to the requirements of the technological process.
The implementation of group technology requires the construction of a system of classification of
parts, on the basis of which the grouping into families is performed. The classification is performed
according to the technological-constructive characteristics of the elements and with the help of the
classification system, whereby the necessary information is obtained by linking individual codes or
their combinations to the individual parameters of the elements. Which parameters of the elements
will be taken into account in the classification and how the classification system will be developed
depends on the constructive characteristics of the elements and on the type of technologies by which
the elements are formed.
The classification can be performed even a step further by organising the equipment and workplaces in
production according to the family of parts. In this case, all the necessary equipment is grouped to
produce a certain family of parts, thus achieving a proper line flow. When a family of similar parts is
produced in a work unit, some equipment (machine) can be duplicated from one work unit to another
and the capacity utilisation can therefore be reduced more than with the alternative or mixed flow.
Nevertheless, the overall benefits of group technology are significant, provided that the optimal
number of parts can be covered in each work unit.
The practical application of group technology has two basic steps:

- identifying and defining the family of parts - operational groups and

- organisation of production equipment and jobs into appropriate work units (cells).

WORK UNITS

Machines (classical or numerically controlled) are grouped in a work unit in accordance with the
production process of a group of technologically similar work objects. The internal structure of a work
unit (cell) is similar to the division on the basis of the type of processing, which has the flexibility of
such a structure, but with a spatial arrangement which best suits the flow of production process
materials for a defined product group. Due to that, the production system, consisting of work units,
possesses the line efficiency and partially the flexibility of systems structured according to the type of
processing. This structure also contributes to the humanisation of work, as it allows the workers an
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insight into the entire production process, or the end result and purpose of their work. Therefore, the
workers can perform a part of the organizational work, and that reflects in the increasing of motivation
and achieving of better work results.
Structuring of a system into work units results in the division into smaller subsystems, and that
significantly simplifies the material flow system, as well as the production planning and control.
Therefore, they are particularly suitable for the application of the group technology concept and
production automation.
Work units can be completely independent, implying that they can fully process a group of similar
products from start to finish. Then there will be no flow of material among the work units in the
system, but it will take place mostly only with the warehouses.
If for a given group of products and production quantities the load of some, especially expensive
means of production is small, it is not profitable for economic reasons to provide such capacities, but
they should, if possible, be shared with another work unit. Work units that share the means of
production with other work units are called partially independent and cause a mutual flow of materials.
The basic characteristics of production in work units are[8]:
- shorter transport routes and less material handling than with layouts based on the process,
- shorter ordering time,
- reduced retention time of individual parts in the process by up to 80% compared to classic
workshop production (smaller quantity of unfinished production),
- reduced amount of material in intermediate warehouses in relation to the schedule based on
the processing process,
- better motivation of workers leads to increased productivity,
- simplified planning and production control,
- preparation time is reduced so that the batch replacement costs are lower (shorter preparatory-
ending time).
- shorter waiting time of parts to be processed in relation to the production based on the
processing process,
- reduced amount of scrap,
- better utilization of work surfaces leads to reduced investment costs for the building (up to
20%),
- more favourable use of equipment than in line production,
- relatively high productivity,
- large investments.

METHODOLOGY

In this paper, the emphasis is placed on a research in terms of identifying and defining the family of
parts - operational groups and the laws of formation of operational groups by introducing different
types of machine tools into the overhaul process. For that purpose, the classification system KS-11S-08
and the automated procedure for shaping production structures - APOPS-08 developed at the Institute
for Industrial Systems of the Faculty of Technical Sciences in Novi Sad have been used to classify the
replaced parts in the process of overhauling the following machine tools:

Radial drill ,RABOMA* 12U-1500,

Horizontal drilling and milling machine ,,TOS* HB-80,

Short-run planer ,,PRVOMAJSKA* KB-500,

Universal milling machine ,,PRVOMAJSKA®“ UG-1,

Milling machine for hobbing ,, TOS*“ FO-6,

Universal production lathe ,,POTISJE*“ PA-30.

ISR .

The replaced parts of these machine tools also make up the production program by the assortment (p;)
and quantities (q;) of the machine tools overhaul production system.
The analysis of the production program consisting of the replaced parts of the mentioned machine
tools will be performed using:

1. Coefficient of operational similarity and

2. Coefficient of representation of operational groups.
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Ad. 1) The coefficient of operational similarity (Kopst.) is @ measure of unification of parts during the
overhaul of machine tools according to predetermined characteristics and is given in the following
form:

_ number of operational groups

K =
opsl. number of different parts

-100[ %] . (1)

The size of the coefficient of operational similarity is influenced by predefined characteristics
according to which the parts are grouped into certain operational groups. The coefficient of
operational similarity directly affects the degree of flow seriality and the choice of the type of material
flow in the machine tools overhaul production system by increasing the units of work objects with
similar characteristics in the production program.

Ad. 2) The coefficient of representation of operational groups (Kog) is a measure of the representation
of operational groups of a machine tool in overhaul in relation to the total number of formed
operational groups in the machine tools overhaul production system and is given in the following
form:

_ number of operational groups of a machine tool
total number of operational groups

K

z0g

:100[%]. @)

RESULTS AND DISCUSSION

In the text that follows, there is a presentation of the results of empirical research in terms of:
1. Analysis of production programs,
2. Analysis of operational similarity and
3. Analysis of the representation of operational groups.

Ad. 1) The production program is given in Table 1 in the form of assortment (p;) and total quantity
(0j). The table shows a large number of different parts, and thus a large number of individual material
flows through the machine tool overhaul production system.

Table 1. Replaced machine tool parts - Production program

Ord Production program

: NAME OF THE MACHINE TOOL Assortment (p;) | Quantity (q)
no. [pcs] [pcs]

1 | Radial drill ,,RABOMA* 12U-1500 189 615

2 | Horizontal drilling and milling machine ,,TOS*“ HB-80 125 477

3 | Short-run planer ,,PRVOMAIJSKA*“ KB-500 145 261

4 | Universal milling machine ,,PRVOMAJSKA* UG-1 80 212

5 | Milling machine for hobbing ,,TOS* FO-6 92 121

6 | Universal-production lathe ,,POTISJE“ PA-30 109 139

Ad. 2) Coefficients of operational similarity for individual machine tools in overhaul are given in
Table 2. Through the coefficients of operational similarity, the table shows how much the number of
material flows in the production system will be reduced by forming operational groups in relation to
individual flows. That percentage of overhaul of one machine tool ranges from 75% to 85,2%.
However, by increasing the number of machine tools that are in the process of overhaul, the number of
material flows in the production system decreases by 94,3%.

Ad. 3) By applying the classification system KS-11S-08 and the automated procedure for shaping
production structures - APOPS-08 to the parts, i.e. the production program for the mentioned machine
tools, a total of 42 operational groups has been formed.
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The representation of the operational groups of individual machine tools in the total number of
operational groups is given, through the coefficient of representation of operational groups (Kzg), in
Table 2.

Table 2. Values of coefficients of similarity and coefficients of representation of operational groups

Ord. Number Kop.sl. Kzog
no. NAME OF THE MACHINE TOOL op. group | [%] [%]
1 | Radial drill ,RABOMA* 12U-1500 28 85,2 66,6
2 | Horizontal drilling and milling machine ,,TOS* HB-80 27 78,4 64,3
3 Short-run planer ,,PRVOMAIJSKA* KB-500 24 83,4 57,1
4 Universal milling machine ,,PRVOMAJSKA*“ UG-1 19 76,3 45,2
5 | Milling machine for hobbing ,,TOS“ FO-6 23 75 54,8
6 | Universal-production lathe ,,POTISJE* PA-30 33 79,8 52,4

Analysis of the representation of operational groups indicates that the representation of operational
groups of individual machine tools in the total number of formed operational groups ranges from 45,2
to 66,6%, which indicates a certain consistency of the formed operational groups.

The increase of newly formed operational groups of individual machine tools in relation to the number
of formed operational groups of radial drill ,,RABOMA* 12U-1500 is shown in Figure 1.

45 - 1 1

- | 3 ‘-F J .

:i/d’; 7.7810(x) + 28 81
710.08

e
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Fig. 1. Diagram of growth of operational groups

The representation of parts in newly formed operational groups is:
- 12% on the horizontal drilling and milling machine ,,TOS* HB-80,
- 2,8% on the short-run planer ,,PRVOMAJSKA* KB-500,
- 3,8% on the universal milling machine ,,PRVOMAIJSKA* UG-1,
- 1,1% on the milling machine for hobbing ,,TOS* FO-6,
- 14,7% on the universal-production lathe ,,POTISJE“ PA-30.

From the diagram in Figure 1, we notice the regularity of the growth of operational groups. This
regularity leads to the conclusion that there is no significant increase in operational groups, clearly
indicating that the established work units in the machine tools overhaul production system based on
group technology will not change regardless of the introduction of different types of machine tools in
the overhaul process.

On the basis of the mentioned, it can be concluded that the hypothesis of the subject paper has been
proven.
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CONCLUSION

The research presented in this paper and the obtained results lead to the following conclusions:
e The presented grouping procedure and the applied classification system are an objective basis
for:
- development of a flexible machine tools overhaul production system with an increased
degree of efficiency based on work units;
- defining of the scope and structure of overhaul works for certain types and families of
machine tools;
- constructive unification of parts in the process of deffectation;
- unification of surfaces of parts, materials and semi-finished products.
e The developed grouping procedure and the applied classification system are applicable in real
machine tools overhaul production systems with the:
- definition of the machine tools overhaul corpus,
- definition of the overhaul for certain types and families of machine tools,
- definition of production and material norms,
- introduction of a classification-identification system,
- introduction of an appropriate information system based on computer data processing,
- introduction of the necessary technological discipline.
e Overhaul of capital equipment, such as machine tools, performed in the presented manner,
will provide better efficiency in comparison to the previous method of execution.
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Abstract: This paper describes the application of the CONWIP system in a production system, based on
withdrawal. The practical advantages of CONWIP over push and other pull systems are given. Theoretical
arguments are presented in favor of the CONWIP system in manufacturing companies whose production is based
on production "to order". The CONWIP system is fully implemented in a real company, whose implementation
process is described in detail and presented in the paper. Simulation studies are included to gain insight into
system performance.
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INTRODUCTION

In today's business environment, organizations are forced to continuously analyze all aspects of their
work, in order to improve competitiveness and ensure business continuity, and to react quickly to any
changes, either external or internal. Among the many methods for improving a company's business is
the Lean concept, which is the most comprehensive and powerful concept for achieving business
excellence [11]. Its great advantage is that it equally strongly promotes companies that are in crisis,
then those that are doing well but want to achieve growth, and companies that are doing great business
but their constant goal is to improve quality in all areas.
According to [4,22] technological advances have made it possible to increase product diversity and
shorten product life cycles, while on the other hand increasing customer demands in terms of delivery
times, prices and product quality, which led production organizations to seek changes in their
production environment with the goal of better performance.
Each production organization [3,22] has its own specifics, which does not make this choice trivial. The
competitive advantage [1] of custom manufacturing companies largely depends on their ability to
provide short deadlines and on-time delivery. This requires efficient production which we can provide
by applying the Lean concept. Why Lean Concept?
(1) Because Lean concept methods are process-based and therefore universal and applicable in almost
all industries and business segments;
(2) Because the Lean concept is a systematic approach to identifying and disposing of waste
(activities without adding value) through continuous improvement in the pursuit of perfection.
In addition to the automotive industry in which the Lean concept has achieved significant success,
there are a number of papers in the professional and scientific literature that present case studies of the
Lean concept in other manufacturing, service and, more recently, public service organizations, and the
results are challenging.
However, it should be emphasized that many of these works are descriptive in nature and do not give
concrete results in the application of the Lean concept. Therefore, more empirical research is lacking
to examine the applicability of the principles, methods, and tools of the Lean concept in the above
organizational systems. Therefore, this paper focuses on empirical research on the establishment of the
PULL system, as one of the five principles of the Lean concept[17], using the CONWIP system to
establish the flow of materials in the production of panel furniture in a company whose production
strategy is ""custom™ production.
In the original interpretation, the PULL system is a decentralized establishment of material flow in
production through the KANBAN system, which is aligned with customer demand. Production begins
as soon as demand arises, and the flow of material between work centers is established using
KANBAN cards, where production in one work center begins when demand arises in the next work
center. This traction system is not applicable to custom production for two reasons:
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(1) Production systems of this type use a custom production strategy, where it makes no sense to
produce before the customer's need arises, since it is not possible to predict what the customer
will need;

(2) Due to the large number of different types of products in this type of production, it is not
possible to keep interoperable stocks in supermarkets in the way that is done in traditional
Lean production systems.

With this in mind [19] they define the PULL system, as any system that limits the level of work in
progress. This definition starts from the role that KANBAN plays in traditional Lean production but
generalizes the definition by not explicitly mentioning KANBAN and suggesting that the PULL
system can be realized by other means as well. Accordingly [20], they propose a CONWIP (Constant
Work In Process) system for the establishment of PULL systems in non-traditional Lean production
systems, such as e.g. production systems whose production strategy is production "to order" as an
alternative to the KANBAN system.

In[1], a discrete simulation was applied to study the delivery performance of a custom production
system that is configured as a general flow, when used under two mechanisms to control the flow of
materials based on CONWIP and GKS cards.

In[30], a comparative analysis of the production environment is given, through the assessment of the
approach to the scheduling of withdrawn, suppressed and hybrid production in different scenarios,
through computer simulation. The study was conducted in a real company which led to the
construction of a conceptual model that represented a real production environment. A computer model
was generated through the conceptual model, using simulation software.

Some authors, such as[3,22] suggest comparative experimental studies, pointing to differences in
production systems in certain environments. According to[22], choosing the best approach is a
complex process because it requires an urgent response to a market that has a changing character. It
emphasizes[22] that flexible systems that can combine the best of each approach at different stages
and times of production tend to be better than systems with fixed and individual production schedules.
The application of Lean production[14] with schedule withdrawal does not guarantee the same results
for manufacturing companies, although they are similar, which makes the choice of production
schedule even more complex.

Paper[7] presents a method that uses control panels to determine the most appropriate array for the
application of a set of Lean tools. Control panels are usually used to identify out-of-control points and
determine the underlying causes from the appropriate process. This paper[7] presents a new function
of control charts, which is to determine the best sequence for the application of a set of Lean tools.
In[6], the CONWIP system received much attention from researchers after proposing MRP and
KANBAN, and comparing the performance of MRP, KANBAN on the one hand and CONWIP on the
other, where the simulation results confirmed the effectiveness of this model.

The paper[8] describes four models of CONWIP systems that have been used to date, namely: basic
CONWIP system, hybrid CONWIP system, multi-product CONWIP system and parallel CONWIP
system.

The most common form[9] of production control strategy in lean management is the pull system. One
of the new forms of pull systems uses KANBAN and CONWIP systems to handle products with
different demand patterns. Case studies have long shown the actual application of PULL systems,
however the use of hybrid systems is rare. The paper[9] shows the procedures and application of a
hybrid system, and how the simplicity of the PULL system can reduce in-service inventories by 23%.
This paper[24] presents a simulation study of different scenarios that vary the number of segments, the
WIP level of each segment and their combinations. They showed that line segmentation using
different CONWIP levels affects line performance. In some cases, compared to a single segment
CONWIP and a Push system, using a segmented CONWIP system can achieve the same flow rate in a
shorter cycle time.

CONWIP SYSTEM
The CONWIP (Constant Work In Process) system was introduced[18] as an attempt to present a more

flexible withdrawal system than the Kanban system. It is a PULL system because it restricts WIP
(Work In Process) via kanban-like cards. The difference is that Kanban cards are tied to a certain part
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and control the movement of materials in only one stage of production (in the next phase another card
is tied to a certain part), while cards in CONWIP are assigned to a part (task) at the beginning of the
system and follow it throughout the entire processing process. When the CONWIP card returns to the
beginning of the system, it only has information to produce any job that follows in the queue. No job
can enter the system without a proper card, which means that starting a new job is only possible when
some of the jobs leave the production process, thus keeping the number of jobs that are constantly in
production constant.

B
a

—ty

LI »30~30 - JO- L1 -

Cards — Parts
' Fig. 1. CONWIP scheme[20]

The CONWIP system can also be classified as a hybrid between a pure PUSH system and a pure
PULL system[15,21,23], which within operational planning provides the scheduling of operations -
work tasks by jobs in accordance with the obligations of the production system to customers, taking
taking into account resource constraints, with forward or backward planning starting from the point of
separation. In the structure of custom production, the most common case is that the assembly is the
point of separation because it delivers the final products to the customers (buyers).

The authors[13,16] proposed a method to evaluate the performance of a CONWIP system for multi ple
products processed on the same products on line. Implemented a CONWIP system[5] in an
agricultural machine industry, observing a reducti on of the material in process and an increase in
producti vity. Implemented[10] the CONWIP system in a factory of electro-mechanical components,
reducing cycle ti me and increasing producti on volume. Have[2] used the CONWIP system principle
to synchronize demand and supply in manufacturing leading to the formats on of sustainable supply
chains in on-demand project companies.

IMPLEMENTATION OF PULL SYSTEM IN THE RESEARCHED PRODUCTION SYSTEM

Empirical research on the establishment of the PULL system was performed in the sector for machine
processing of sheet material, which is a subsystem of the production organization for the production of
furniture that is produced exclusively according to customer requirements. The basic business
philosophy of the company is based on the production strategy of production “to order" where the
entire range of products is made at the request of the customer. Most products are individual, unique
pieces of furniture that are made once and never repeated. Combining innovative technology, staff
expertise and distinctive style, the Inside team creates a unique solution for the needs of its customers.
Customers are sophisticated people who recognize and value design and quality, which is why the
quality of the offer and service provided by the Inside brand is determined by the customer.

In order to implement the PULL system using CONWIP in the researched production system, the
following were first designed and made: (1) Map (form) "Production plan”, (2) Conwip board, (3)
Conwip card and (4) Universal trolley for transport, whose general design information is described
below.
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Map "'Production plan*

The production plan (activity) is a response to the uncontrolled release of an order (work order). Based
on the demand and agreed delivery deadlines, as well as the planned delivery of raw materials by the
supplier, and the amount of work for each order (work order) and the norm for each operation, a
production plan is made in the form of a Gantt chart (Fig. 3). do not overload jobs.

i

Fig. 3. Plan of activities in the machining sector on the CONWIP board

Since it is difficult or impossible to accurately predict the time of production (production) for
individual operations in production "to order", average production times are taken, which, in the final
analysis, more or less coincide with the production (production) plan.

New work orders are not put into production as soon as they are ready, but are retained in a pool of
jobs, and put into production based on feedback on production load or spare capacity.

The activity plan / standardization is harmonized with the capacity of the CNC machining center
VENTURE 1M, CNC dowel ABD 260 and CNC dowel BHX because they represent bottlenecks in
production. The “Production Plan” map is located on the front of the CONWIP panel, as shown in
Figure 6.

CONWIP board

The CONWIP dashboard is a workshop job management tool, designed to visually represent the
current state of the production process, limit ongoing work (WIP) and maximize efficiency and
throughput. In addition to presenting planned (planned) and current activities (Map of the production
plan located on the CONWIP panel, Fig. 6), this tool provides information on downtime as well as
other information related to the production process. By reviewing this tool, the manager is
continuously informed about the state of the production process, whether there is an overload of
certain jobs, whether they are late or in a hurry with the delivery of products, etc.

CONWIP card
The design of the CONWIP card, with the entered data about the order / product, is shown in Figure 4.
Universal transport trolley

The design of universal trolleys, with basic dimensions, is shown in Figure 5. The construction of the
new trolley model took into account the observed shortcomings in the existing transport of elements.
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VERBAL DESCRIPTION OF THE IMPLEMENTED PULL SYSTEM
Description of operation on the CONWIP board

When new orders are launched, according to the production plan, the new card is magnetically pasted
on the CONWIP board in the “to do” section. Orders are tailored to the plan and the cart released.
When the order is cut, the card is moved to the "completed" section on the CONWIP panel. On the
CONWIP card, the operator enters the name and date when the job was completed. In the next
operation, when the operator completes the processing of the current (current) order, he also moves the
CONWIP card of the processed order to the "completed" field, postpones the work order to the
designated place on the CONWIP board, so that it is available for subsequent operations. "is required
to pick up the next CONWIP card which is in order, as well as the work order. The empty space from
which he withdrew the CONWIP card on the CONWIP board should be filled by moving the other
CONWIP cards upwards, as shown by the arrows in Figure 6. This ensures that the order of order
processing by FIFO method "first entered, first exited" is not disturbed. This means that the work
order whose positions were first cut should also be the first to leave production.

If a problem occurs during the processing process, a sticker (sticker) with a description of the problem
(damaged part, drilling error, undefined drawing, etc.) is pasted on the CONWIP card to make it easier
to spot and resolve in a timely manner. The CONWIP card is not pushed any further, but is retained in
that job until the problem is resolved and the next order is taken for processing.

If for some reason there is a stoppage in production, e.g. when drilling, the next operation (assembly)
consumes the stock from the buffer (4 trolleys in the intermediate warehouse), the most it can release
is 4 trolleys and still new orders cannot be cut until the production delay is eliminated. Therefore, it
cannot be tailored uncontrollably. It should be emphasized that there can be several orders (smaller) or
one order on several carts on one cart.

The work order, if the processing is performed on a certain machine, must also be at that workplace.
When processing is complete, the order will be returned to the shelf on the CONWIP board.
According to this rule, we can always know where the work order is - just look at the location of the
CONWIP card on the CONWIP board.
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Fig. 6. Scheme of work on the CONWIP board
Description of the establishment of the PULL system

According to the traction system, we will observe the production process from the end. Thus, when the
product is assembled (assembled) in the last stage of production (assembly), then the carts on which
the parts have gone through the production process are made. The released carts are a signal that they
need to be filled at the beginning of the production process, but then the assembly capacity is also
released, so the worker withdraws a new job from the previous operation (drilling). In the previous
operation (drilling) it is necessary to always have prepared pieces for assembly. The amount of work
prepared depends on the complexity of the product, as well as the total number of carts in the
production process. By reducing or increasing the number of carts, the quantity of pieces between
operations, ie the quantity of unfinished production, decreases or increases. It is normal to strive to
keep the number of carts as small as possible, which depends on the efficiency of the production
process and the product mix. When the trolley with the new product is withdrawn for assembly, the
capacity of the intermediate storage on the drilling operation is released. This is a signal that it is
necessary to approach the drilling operation at the positions from the new order in order to fill the
intermediate storage. Under the same system, the withdrawal of a new job on the operations "edging"
and "tailoring" works.

The number and size of transport trolleys establish the flow of material according to the PULL system
as shown in Figure 7. The trolleys are intermediate warehouses and serve as "buffers" which regulate
the current deviations in production times in individual operations compared to the planned times.
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CONCLUSIONS

Based on theoretical knowledge, conducted research and their analysis, and practical experience, the
following conclusions can be drawn:

In the researched production system, a PULL system was established using the CONWIP
system;

Taking into account the fact that traditional Lean production systems produce products only
when there is direct customer demand. If viewed in this way, it can be concluded that
production systems that produce at the request of the customer always produce according to
the traction system, because they use the strategy of production "to order";

The establishment of the PULL system established regularity in production;

The establishment of the PULL system shortened the production cycle from 10,59 days to
6,52 days, or 38,4%.
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Abstract: The present work focused on the buckling of four-layer symmetric laminate subjected to biaxial
compression. Governing equations are derived based on Classical Laminated Plate Theory (CLPT). The
composite plates are bonded by an internal elastic medium and surrounded by external elastic foundation. The
influences of carbon fiber orientation angle and aspect ratio on critical buckling load are demonstrated for
symmetric laminate. We analyzed four lamination scheme which fiber angle orientation is equal to 0°, 30°, 45°
and 90°.

Key words: analytical modelling, buckling, composite plates, carbon fiber angle

INTRODUCTION

A composite material is composed of reinforcement (fibres, particles, flakes, and/or fillers) embedded
in a matrix (polymers, metals, or ceramics). The matrix holds the reinforcement to form the desired
shape while the reinforcement improves the overall mechanical properties of the matrix. A laminate is
called symmetric if the material angle, and the thickness of plies are the same above and below the
midplane.

To use the laminated composite plates efficiently, it is necessary to develop appropriate analysis
theories to predict accurately their structural and dynamical behavior. Currently, the analysis of the
behavior of the laminated plates is an active research area because of their complex behavior [1]. The
structural instability becomes an important concern in a reliable design of composite plates. Several
studies on laminated plates stability were concentrated on rectangular plates [2-5]. It is known that
buckling strength of the rectangular plates depends on the boundary conditions [3], plies orientation
[3,4,6] and geometrical ratio [3,5-7]. The thin composites structures which are largely used become
unstable when they are subjected to mechanical or thermal loadings which leads to buckling.

To predict buckling load and deformation mode of a structure, the linear analysis can be used as an
evaluation technique [8]. The analysis of the laminated plates is more complicated than the analysis of
an isotropic and homogeneous material [9]. Finite element method is used for the analysis of the
buckling behavior of the notched antisymetrical fibers plates under compression [10]. The majority of
the investigations on laminated plates utilize either the classical lamination theory (CLT), or the first-
order shear deformation theory (FSDT).

The main contribution of this work is to perform a composite laminated plates analysis by using the
Classical Laminated Plate Theory (CLPT) is described in [11-13]. Various geometries of the plates
subjected to compressive load are studied.

THEORETICAL FORMULATION

Let us consider composite plate the length of a , width b and height h, as shown in figure 1. The
composite plates are surrounded by external elastic medium and subjected to biaxially compression.
The external medium is modeled as Pasternak-type foundation which is equivalent to Winkler

modulus parameter k, and shear modulus parameter kg of polymer matrix Fig. 1.
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Winkler springs representing "
the elastic medium

Fig. 1. Schematic diagram of symmetric laminate subjected to biaxial compression

Bending displacements of the plate-1 and plate-2 are wi(X, y, t) and w(X, y, t), respectively. It was
assumed that each composite plate had the length, a and width, b. We assume that composite plates
are biaxially compressed by forces Ny and Nyy in the directions of x and y axes.

Governing equations of biaxially compressed composites plates

The governing equation for biaxially compressed orthotropic composite plate embedded in an elastic
medium [14], which is based on Classical Laminated Plate Theory CLPT, have following form

4 4 4 2 2 2 2
D“ZT\‘I‘VJrZ(DlZ +2D66)6X82—;Vy2+ D,, gy_\ier N, ZT\QIJF N, Zy—\iv+kww—k6 (27\2’+gy—vzq =0
1)
We assume that composite plate is biaxially compressed in the directions of x and y axes, Nx=N,. Now
we can define compression ratio which equals the ratio between the forces acting in y and x directions

N
=N, =N,
** )

Substitution of equation (2) in equation (1) we derive the general form of governing equation

4 4 4 2 2 2 2
Dlla_\z,lv+2(D12 +2D66)%+ D22 6_\f1v+ NX 6_\2V+56_\QI +kWW_kG a_\iv_'-a_\g/ = 0

ox ox2oy oy ox oy o oy 3)
Before solving constituent equation (3), boundary conditions should be defined. In this study it is
assumed that all edges on both nanoplates are simply supported. This means that both the
displacements and moments at the composite plate edges are zero. This can be expressed by following
equations

wi(O,y,t)=0' wi(a,y,t)=0, wi(x,O,t)=0, W (X,b,t) =0 i=12 (4)
M, (0, y,t)=0, M,;(a,y,t)=0, M,(x,0,t)=0, M,(x,b,t)=0 (5)
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Composite plate-1

M2

Fig. 2. Symmetric laminate coupled by an elastic medium

If in the middle of the four-layer laminate sistem we insert an elastic medium that separate the
laminate into two symmetric parts, we will have two composite plates with two laminae (Fig. 2.)
whose main equations are:

Plate 1
4 4 2 2
D, oW +2(D12+2D66) DZZa—vlllqtNXa—vgl+Nya—V\ZI1+kW(W1—WZ)—kGVZ(wl—wz)zo
X 3)/ oy X oy (6)
Plate 2
o'W, o'W, o*w. o*w. 0w,
D, ~ +2(D12+2D66)6 6; +D,, ay42+NX axz2+Ny 6yz+k W (W, =) —kg V2 (W, —w, ) =0 -
2 2
v?= 62 a2
X o (8)

Buckling loads of biaxially compressed composite plates

In this section different explicit cases of biaxial buckling will be considered. The symmetric laminate
is subjected to both biaxial as well as biaxial compressive forces. The cases studied will be composite
plates buckling with out-of-phase (asynchronous); in-phase (synchronous); and when one of the
composite plates is considered to be fixed.

Asynchronous-type buckling (out-of-phase)

Buckled composite plate

—L17

[— Lo ——

L Buckled composite plate

Fig. 3. Asynchronous-type buckling
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Composite plates system is assumed to be bi-axially buckled. Fig. 3. shows the three-dimensional
configuration of double composite plates system with the asynchronous sequence of buckling:

V\ﬁ_(X, y,t) —W2(X, y,t) #0
In out-of-phase, sequence of buckling the nanoplates is buckled in opposite directions. We evaluate
the buckling load for asynchronous-type buckling and use equations (6,7) for the biaxial buckling

solution of double composite plates system.

Subtracting equation (6) from equation (7) we get:

4 4 4 2 2 2
Dy 2 2D, +2D,) -2 40, TN, TW N, W ok w2k, - CALACAL I
X ox*oy oy X oy° Xt oy )
W=W, —W, — W, +W, = 2W, —2W, = 2(W, —W, ) = 2w (10)
We assume that the buckling mode of the double-nanoplate system as
w=>Y">W, sin(ax)sin(By)
o1 1 (11)
In the upper equation:
mz
-
p="=
b (12)

where m and n are the half wave numbers.
Substituting equation (11) into equation (9), we get critical buckling load for asynchronous type of
buckling

N, = D,a +2(D, + 2D66)o¢2/322 + Dzzzﬁ“ +2k,, + 2k (@ + %)
(0! +5ﬂ ) (13)

Synchronous-type buckling (in-phase)

Buckled composite plate

—

'l///

L Buckled composite plate

Fig. 4. Synchronous-type buckling

The schematic illustration buckling of the orthotropic composite plates in-phase is shown in Fig. 4,
which is the first mode synchronous type buckling. For the present system, the relative displacements
between the two composite plates are
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W (%, Y, 1) =Wy (X, y,8) =0

In synchronous buckling state, the double composite plates system can be considered to be as one of
the composite plates.
We apply the same procedure as earlier for solving equations

Following procedure similar to that of out-of-phase buckling, critical buckling load for synchronous
type of buckling can be written as

N D110‘4 +2(D,, + 2Dee)a2ﬁ2 + Dzzﬂ4
e (a2 +5ﬂ2) (14)

Biaxial compression of double composite plates sistem can be effectively treated as a single composite
plate because for this case the critical buckling load is independent of the stiffness of the coupling
springs.

Buckling with one composite plate fixed

Buckled composite plate -l //

L Fixed composite plate

Fig. 5. Buckling with one composite plate fixed

Consider the case of composite plates sistem when one composite plate is stationary w, = 0 which is
shown in figure 5. Critical buckling load for this type of buckling can be written as

Dya* +2(D, +2Dg)a’ * + Dy, 8 +K,, +kg (@ + )

“« (0{2+§ﬁ2) (15)

In fact, when one of the composite plates in composite sistem is fixed (w- = 0), the composite system
behaves as composite plate on an elastic medium.

NUMERICAL RESULTS

This section shows analysis of four-layer symmetric laminate made of two types of materials:

-Kevlar 49/CE 3305 (material M1)

-Graphite-Epoxy AS-1/3501-5A (material M2)

For laminates of total thickness of 1mm with four sheets of individual thickness of 0.25mm, bending
stiffness matrix D has the following form [14]:

Dij :%;;(6“) (th_h:—l)
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=3(@), (B-r) (@), () 5(@), (R -r)+2(Q,), (h 1)
=%(6ij)g (0,25 ~(-0.5 | '(q,) [(0)'~(-0.25) ]+%(6 ), [(0.25) ~(0)’ ]+
%(5., ),[(05)°~(0.25) ]

Based on the above expression and using the MATLAB software package, bending stiffness matrix for
selected laminate schemes @ = 0°,30°,45°,90° are obtained.

I |k
ml (i nor A HMI (T n A
w& i ’nnl m R wh 1 hmm ||m 3
Z a 7 -
6,4426 1,7153 2,7928 3,7617 2,2591 2,1370
[D]=|1,7153 1,3536 0,9{]8?] [D]=|2,2591 2,9467 2,1370]
2,7928 0,9087 1,9890 2,1370 2,1370 12,5328
— I —|h
MJ (I Ilﬂt o, (11T Il i,
]Mh Il ’HH]II ||H1 | X T IIHI X
z a 7 -
2,1686 1,7153 0,9087 16632 0,0836 0
[D]= 17153 56277 2,?928] [D]=10.0836 93964 0
0,9087 2,7928 1,9890 0 0 03573

Fig. 6. Schematic layout of symmetric laminate with bending stiffness matrix

Substituting the values of bending stiffness matrix in the previously set equations we obtain values of
non-dimensional critical force for three types of buckling.

Based on equations (13), (14) and (15), in this section follows analysis of carbon fiber orientation
angle on the non-dimensional buckling load. Nondimensional buckling load is calculated for the value

of Winkler modulus k,, =10N /m® while the shear modulus parameter k; =1N /m. The number of

half waves was m = 1, n = 1, while the compression ratio was 6 =2. The thickness of one composite
plate is h = 0,25 mm, while the length takes values within a=0-0,6m range and width takes value
b=0,3.
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Fig. 7. Effect of carbon fiber orientation angle on non-dimensional buckling load
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Fig. 8. Effect of carbon fiber orientation angle on non-dimensional buckling load

It can be concluded that for different values of fiber orientation angle, the curves are very close
together for all three buckling types. For value of fiber orientation angle 45°,60°,90° (Fig. 7-b and
Fig. 8-a, 8-b) the non-dimenzional critical force value is constantly increasing. The critical force has a
minimum only for fiber orientation angle 30° and aspect ratio a/b=0,7 (Fig. 7-a). A very small value
of the non-dimensional critical force leads to the deformation of the composite plates and the
occurrence of instability of the system.

CONCLUSION

In this paper, there are analytical expressions for non-dimensional buckling load for three
characteristic cases of buckling of simply supported composite plates. Based on CLPT, in this paper
was analyzed influence of fiber orientation angle and aspect ratio a/b on the non-dimensional buckling
load on biaxial compressed composite plates embedded in elastic medium.

It has been shown that with the change of fiber orientation angle, the value of the non-dimensioning
critical load is changed for all three characteristic buckling cases. Laminate have different minimum
and maximum values of non-dimensional critical force at the same value of aspect ratio. For laminate
with fiber orientation angle M 230°M10°M10°M 230° non-dimensional critical buckling has
minimum.

REFERENCES

[1] Arslan, R., Agricultural and Economic Potential of Biodiesel in Turkey, Energy Sources, Part
B: Economics, Planning, and Policy, No.2, pp. 305-310, 2007.

[2] Kaw, K., Mechanics of Composite Materials, 2nd Edition,Taylor & Francis, Group, CRC
Press, New York, 2006.

[3] Muc, A., Optimal fibre orientation for simply-supported angle-ply plates under biaxial
compression. Composite Structures, 9:161-72, 1988.

[4] Mijuskovic, O., Coric, B., “Analytical procedure for determining critical load of plates under
variable boundary conditions,” Gradevinar, 111 (vol64), pp.185-194, 2012.

[5] Nemeth, MP., Buckling behavior of compression-loaded symmetrically laminated angle-ply
plates with holes, AIAA Journal, 26:330-6, 1988.

[6] Vellaichamy, S., Prakash, BG. and Brun, S., Optimum design of cutouts in laminated
composite structures, Computers and Structures, 37:241-6, 1990.

[7] Zor, M., Sen, F., Toygar, ME., An investigation of square delamination effects on the
buckling behavior of laminated composite plates with a square hole by using three-
dimensional FEM analysis, J Reinf Plast Compos, 24:1119-30, 2005.

[8] Shufrin, 1., Rabinovitch, O., Eisenberger, M., Buckling of laminated plates with general
boundary conditions under combined compression, tension, and shear-A semi-analytical
solution, Thin-Wall Struct, 46:925-38, 2008.

[9] CW, Hong CS., Kim, CG., Postbuckling strength of composite plate with ahole, J Reinf Plast
Compos, 20:466-81, 2001.

76



XI International Conference Industrial Engineering and Environmental Protection 2021 (11ZS 2021)
October 07-08, 2021, Zrenjanin, Serbia

[10] Ghannadpour, SAM., Najafi, A., Mohammadi, B., On the buckling behavior of crossply
laminated composite plates due to circular/elliptical cutouts, Compos Struct, 75:3-6, 2006.

[11] Hamani, N., Ouinas, D., Benderdouche, N., Sahnoun, M., Buckling analyses of the
antisymetrical composite laminate plate with a crack from circular notch. Advanced Materials
Research. vol.365 pp. 56-61, 2012.

[12] Reddy, JN., Mechanics of Laminated Composite Plates and Shells: Theory and Analysis, CRC
Press LLC, London and New York, 2004.

[13] Spencer, A.J.M. Constitutive Theory for Strongly Anisotropic Solids in Continuum Theory of
the Mechanics of Fibre Reinforced Composites, Springer-Verlag, Wien, 1984,

[14] Powell, P.C. Engineering with Fibre-Polymers Laminates, Chapman & Hall, England, 1994.

[15] Jeremi¢, D. Analiza stabilnosti laminantnih kompozitnih ploca, Master Thesis, East Sarajevo,
2013.

77



XI International Conference Industrial Engineering and Environmental Protection 2021 (11ZS 2021)
October 07-08, 2021, Zrenjanin, Serbia

NEWS IN INDUSTRIAL APPLICATION OF CATHODIC CAGE
PLASMA NITRIDING

Zeljko Stojanovi¢l, Slavica Prvulovi¢?, Sanja Stanisavljev?, Mila Kavali¢3
*Sinvoz" Itd., Belgrade St. BB, Zrenjanin, Serbia
2University of Novi Sad, Technical faculty "Mihajlo Pupin®, Zrenjanin, Serbia
3Student at University of Novi Sad, Faculty of Technical Science, Novi Sad, Serbia
e-mail: zstojanovic@sinvoz.rs

Abstract: The paper presents innovations in the development and industrial application of catodic cage plasma
nitriding technology (CCPN), whose relevance has become more pronounced in recent years due to the existence
of aspiration to eliminate some shortcomings of conventional plasma nitriding, such as edge effect, hollow
cathode effect and similarly. The paper discusses the effects of pulsed current application in the cathodic cage
plasma nitriding process on the tribological and corrosive properties of non-alloy steels and stainless steels. The
paper deals with the analysis of completely new and innovative techniques based on duplex plasma nitriding
technology with the combined use of cathode cages made of different materials, such as aluminum (Al) and
austenitic steel (ASS). Improved hardness, reduced wear rate, significantly improved corrosion resistance, lower
friction coefficient, duplex treatment capability with appropriate treatment sequence and the low treatment
temperature suggest the justification and suitability of the technique for industrial application.

Key words: cathodic cage plasma nitriding, hardness, coefficient of friction, wear, corrosion

INTRODUCTION

Abrasive wear is responsible for intensive degradation of machine parts or tools. Methods of
increasing the life time are based on application of abrasion resistant materials or creation of hard,
wear-resistant surface layers or coatings on the surfaces of machine parts or tools [1]. One of the ways
to obtain high complex surface physical and mechanical properties of metallic materials such us
hardness, wear resistance, contact fatigue, corrosion resistance and others is chemical heat treatment
method - nitriding [2]. In the beginning, the gas and salt bath techniques were introduced; yet,
unfortunately, they exhibited certain unavoidable shortcomings [3]. Notably, they consume a much
higher quantity of gases due to longer processing time and pose significant environmental issues [4-
12]. As an alternative approach, plasma nitriding technique was introduced (PN). This method is
termed as conventional plasma nitriding (CPN). The conventional dc plasma nitriding (DCPN) has
been industrially accepted, being used to improve several physical properties of metallic surfaces as
hardness, wear and corrosion resistance that contribute to increase the use of the nitrided samples. This
process presents advantages in comparison with the conventional nitriding processes, for example, the
non-emission of pollutants, energy economy and lesser treatment time, although there are some
inconveniences to treat components with complex geometry [13,14].

Most of the authors positively describe the effects of surface ion nitiding. On the other hand, there are
also reports on adverse effects of direct current and pulsed direct current plasma nitriding on ferrous
materials performance [15,16]. However, there are some drawbacks as a hollow cathode effect, the
border effect, not uniform temperature and arcing, specially in treating complex geometry samples
[17]. The disadvantages linked with CPN can be eliminated by using cathodic cage plasma nitriding
(CCPN), in which a cathodic metallic screen surrounds samples - that’s why it is called cathodic cage
[3]. The samples were placed on an isolant substrate, remaining in a floating potential, and then it was
treated in a post-discharge. In this process, the edge effect was completely eliminated, since the
plasma was formed on the cage and not directly onto the samples. In this paper, the results in the
development and application of the procedure of CCPN are investigated on various wearing materials,
which provided an insight into the previous efforts to optimize the processing parameters and the
properties of the worn substrate.
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REASONS FOR RESEARCH AND DEVELOPMENT OF CCPN

In the DCPN treatment, plasma is generated directly on the workpiece leading to various problems:
edge effect and hollow cathode effect. Typical technological problem is the edge effect that can be
observed along the edges and corners of the samples, where nitrogen can diffuse into these parts from
multiple directions which result in a nitride network along the particle boundaries (Fig. 1) [18]. The
edge effect can be easily observed as the workpiece color is not uniform, and this effect can result in
the embrittlement of the effected edges and corners, causing the easier break of the corners for
example. (Fig. 2). These defects are more pronounced in steels that contain elements capable to form
nitrides, like Cr and Mo, making unviable the application of plasma nitriding in pieces like knifes,
springs, matrixes and gears, where a high degree of uniformity in the superficial mechanical properties
is necessary. In mild-steel cases, like AISI 1020 steel, these defects are less pronounced [19].
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Fig. 1. Corner effect [16] Fig. 2. In the sample treated by the DCPN
process, the edging effect, which showed a ring
with a different color from the central area of the
sample surface, was observed [20]

Arcing, which is caused, for example, by organic degassing in a localized area of a component's
surface, can produce extremely high local temperatures. This can cause localized melting and/or
sputtering away of material from this point on the surface [16]. The roughness of the DCPN-treated
sample can be high because of arcing on the sample surface during nitriding [21]. Hollow cathode
effect arises when plasma nitriding complex-shaped objects with deep holes, especially blind holes
which prevent gas movement through them. This can lead to overionization inside the hole where gas
is entrapped, and can lead to uncontrolled heating. The hollow cathode effect appears when the closely
located parts facing each other are placed at such a short distance that negative glows contact each
other or even overlap [22,23]. Samples with different dimensions when treated through plasma
nitriding show a thermal gradient between the treated samples surface and their basis. In the case of a
10 mm height sample, for instance, such a temperature difference may reach 100°C [17].

CATHODIC CAGE PLASMA NITRIDING
Process theory

CCPN is technique derived from the active screen plasma nitriding (ASPN), recently developed, to
eliminate totally such edge effect [13]. This technique presents some advantages compared to the
conventional method, including process efficiency and the production of layers with uniform
thickness. The samples are totally involved by a metallic cage, where a high cathodic potential is
applied, so the plasma is not formed directly on the sample surface, but in the cathodic cage. A
ceramic disk is placed on the samples holder in order to electrically isolate the samples from the
cathode. Besides, the temperature inside the nitriding chamber is uniform, and the thermal gradient is
very small [14,24]. In this configuration, the glow discharge is isolated from the samples’ surface, and
samples are at floating or at comparatively lower potential. Such isolation of discharge eliminates the
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problems linked with CPN. [3]. The great advantage of this procedure is that it is very versatile, simple
and inexpensive. A schematic picture of the plasma reactor is shown in Fig. 3.

Plasma nitriding

reactor \ Cathodic cage
] = l

[ Bl
[
Viewfinder ]\

Fig. 3. Schematic picture of the plasma reactor with the cathodic cage device,
showing the disposition of samples with different heights [14]

It consists of a cylindrical chamber made in stainless steel in which the negative polarized electrodes
are applied and the rest of the chamber held at ground potential (anode). The cage is manufactured
with 316 stainless steel. The holes have a uniform distribution, while insulated aluminum oxide disk
function as the sample holder.

IMPROVEMENT OF SURFACE PROPERTIES OF NON-ALLOYED AND STAINLESS
STEELS

For non-alloyed steels, this process is not very productive because of in-depth diffusion of nitrogen
atoms, and as a result, iron nitrides are established at higher depths. It is reported in the literature that
if alloyed and non-alloyed steels are processed simultaneously by conventional plasma nitriding
(CPN), surface properties of non-alloyed steel are not significantly improved. Recently is found that
CCPN can significantly improve the surface properties of non-alloyed steels [25]. In literature [25] the
samples of non-alloyed steels are nitrided in fixed processing conditions while using variable pulsed
current. The variation of micro-hardness as a function of pulsed current at multiple loads is plotted in
Fig. 4. The hardness of base material at multiple loads (10, 25 and 50 gf) is about 200 HV. After the
nitriding process, hardness is found to be enhanced under all processing conditions, and maximum
hardness is found at a highest pulsed current of 1.2 A. The hardness shows a linear trend with the
pulsed current.

- = 35 17 3
ﬁ 600 1 E ®
5 m10gf » 20 _
g 400 4 =1 m2sgf 215 p
'] . S 0 ’
° Substrate 044 0.6A 08A  10A 124 Base 04A 0.BA 12A
Pulsed Current Pulsed Current
Fig. 4. Hardness variation (at various loads) as a Fig. 5. Wear rates of substrate and samples
function of pulsed current [25] nitrided at various pulsed currents. [25]

The trend of hardness with current remains similar at multiple loads, however, hardness is decreasing
with increasing loads, which is obviously due to the fact that we are moving from surface to the core
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of sample. The wear rates are plotted in Fig. 5. The wear rate is found to be decreased with increasing
pulsed current. This tendency is in good agreement with the Archard’s equation:

kW
V= " 1)

where H is the hardness, W is the width of wear track, V is the volume of wear track and k is wear
coefficient. This equation depicts an inverse relation among hardness and wears rates. When the
current is highest, dissociation rate of nitrogen is highest due to electrons acceleration, these nitrogen
atoms are diffused at interstitial sites. Due to the presence of nitrogen atoms at interstitial sites,
slipping probability of atoms (substrate) in the scratching process is reduced, which decrease the wear
rates.

The aim of the paper [26] was to investigate the influence of cathodic cage size on active screen
plasma nitriding of AISI 304 stainless steels. The specimens are nitrided in fixed processing
conditions while using CC with diameters of 13, 15, 17, 19 and 21 cm. The results show that when the
CC diameter is reduced, surface hardness profile and corrosion resistance significantly improve, while
iron nitrides

(Fe23N, FesN) are formed along with the expanded austenite phase. Fig. 6 shows the hardness profile
and XRD analysis of base and processed specimens. For the specimens processed with the smallest
CC diameters, A and B, the surface hardness increases even at higher loads. Such improvement in
hardness even at higher loads indicates the in-depth penetration of nitrogen in the steel surface.
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Fig. 6. Hardness profile along with the XRD pattern of base and processed specimens [26]

Microhardness (HV)

400 =

200 =

In study [27] plain carbon steel specimens are processed by the cathodic cage plasma nitriding
(CCPN) technique using an austenitic stainless steel cathodic cage (CC) having variable diameters
(13(A),15(B),17(C),19(D) i 21(E) cm). It is observed that the nitriding process significantly improves
the hardness without any pre-treatment or admixing of alloys, which is very useful for industrial
applications due to reduced cost and processing time. Also, the corrosion and wear rates are
significantly reduced. The friction coefficients of the base and processed specimens against 100Cr6
steel under 1 N load are depicted in Fig. 7. It is observed that the treated specimens show smoother as
well as lower friction coefficient over the base samples, and specimen A have the lowest friction
coefficient. This decrease in friction coefficient as a result of plasma nitriding can be attributed to the
improved surface hardness and high compressive strains.
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Fig. 7. Friction coefficient of (a) base, (b) specimen A, (c) specimen B [27]

The corrosion rate is found to be significantly decreased as shown in Fig. 8. This improvement in the
corrosion properties can be attributed to formation of iron nitrides (FesN, FesN). The specimen
processed using small CC shows more improved corrosion resistance, which can be attributed to
excess of FesN phase with higher nitrogen contents. Fig. 9 shows the surface hardness as a function of
current density, and it shows a linear correlation between the two quantities. The improved surface
hardness here points out the development of harder nitride phases on the surface of treated specimens.
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Fig. 8. Corrosion resistance and corrosion rates  Fig. 9. Influence of current density (by varying
of the base and treated specimens [27] CC diameter) on the micro-hardness [27]

DUPLEX TECHNOLOGIES WITH THE APPLICATION OF CC MADE OF DIFFERENT
MATERIALS

The hard duplex coatings are becoming very popular particularly in the last decade, as they could
achieve much better surface properties. During the CCPN process, along with the diffusion of the
active plasma species on the surface, cathodic cage material is also sputtered and later deposited on the
sample surface. In literature [28] novel duplex plasma nitriding is carried out on AISI-304 steel at
fixed temperature of 400°C, using aluminum and austenite steel cages. The influence of aluminum
cage nitriding is investigated before (pre) and after (post) the austenite steel cage nitriding. The results
show that the post aluminum cage nitriding achieves excellent film quality, the highest surface
hardness with aluminum nitride as a leading phase.

U paper [29] a duplex cathodic cage plasma nitriding (CCPN) process is performed using aluminum
(pre and post treatment) and stainless steel cathodic cages. The duplex treated samples are also
compared with the single treatments. It is found that the duplex post-aluminum CC process attains a
surface hardness of =~ 1124 HV; far higher than the other treated samples and previously reported in
the literature. The crystal structure of post-aluminum nitrided samples shows the dominant aluminum

nitride phase. The variation in the hardness of the base material, single and duplex nitrided samples as
a function of indentation loads are plotted in Fig. 10.

The hardness pattern of samples treated with aluminum CC and pre-Al CC show the sharp gradients
with the indentation load, which indicates that hardness is enhanced on the top surface of the layer.
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The results from hardness point out that duplex cathodic cage treatment with post-Al CC can be used
effectively for non-alloyed steels, which are commonly believed to be unfavorable for nitriding.
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Fig. 10. Variation of surface hardness as a function of indentation depth for various samples (untreated
material labeled as without CCPN); nitrided by austenite steel cage (marked as ASS CC); nitrided by
aluminum cage (labeled as Al CC); initially treated with ASS CC and subsequently treated with Al CC
(labeled as post-Al CC); initially treated with Al CC and subsequently treated with ASS CC (labeled
as pre-Al CC) [29]

The austinite stainless steel is widely employed in several industries due to exceptional corrosion
resistance. Unfortunately, their use is restricted due to low surface hardness and poor wear resistance.
In paper [30] the results of duplex treatment samples (first processed by an aluminium cathodic cage
(pre-Al CC) and in reverse order (post-Al CC)) are compared with single aluminium, and austinite
stainless steel cathodic cage treated samples. The variation in micro-hardness vs. indentation depth for
base material, single and duplex nitrided sample is plotted in Fig. 11. It clearly reveals that hardness is
enhanced under each treatment condition and a significant increase by duplex nitriding process with
post-Al CC. The hardness pattern shows that enhancement in hardness at higher depths except for Al
CC sample, which indicates the development of thick modified layer. The wear rate is plotted
guantitatively in Fig. 12, which clearly illustrates that best wear properties can be achieved by the
post-Al CC nitriding process. Furthermore, it shows that even the hardness is not significantly high
and modified layer is quite thin in Al CC treated sample, but still, wear properties can be improved.
The better improvement in wear resistance of Al CC treated sample over ASS CC treated sample can

be attributed to the AIN phase.

Wear rate (10“‘i mm¥/ Nm) Hardness (HV]

Fig. 11. Influence of single and duplex nitriding  Fig. 12. Wear rates of single and duplex nitrided
process on microhardness as a function of samples [30]
indentation depth [30]

The friction coefficient of the base sample, single and duplex nitrided samples as a function of sliding
distance and average friction coefficient are plotted in Figs. 13 and 14, respectively. It shows that the
base sample has the highest friction coefficient which can be attributed to low hardness and as a result
sever wear. Moreover, large variations in friction coefficient as a function of sliding distance is
observed, which can be explained as follows: the decreasing step is caused by oxide layer formation,
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and the increasing step is caused by the removal of this film upon further sliding. This study shows
that duplex treatment with a particular processing specific order is highly beneficial for mechanical,
wear and corrosion properties of the sample under consideration.
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Fig. 13. Friction coefficient of various samples Fig. 14. Average friction coefficient of single
vs. sliding distance [30] and duplex nitrided samples [30]

CONCLUSION

There are no unified scientific knowledge about the considered improvements by the cathodic cage
plasma nitriding procedure within the domestic scientific-professional circles, which points to the
conclusion that domestic authors did not deal more comprehensively with research which have aim of
studying the influence of pulsed currents, cathodic cage sizes, cathode cage materials, single and
duplex coatings on surface hardness, wear and corrosion rates and friction coefficients of different
materials mentioned in this paper, so that these methods remained unknown to our wide scientific and
professional public. This paper describes the latest and innovative plasma nitriding procedures that
offer a significant improvement in conditions and working results, ie improvement of surface layer
characteristics that provide longer service life and greater reliability in material behavior. The
incentive for the innovative work on the development and improvement of CCPN was given by the
shortcomings of the DCPN procedure such as the hollow cathode effect, edge effect, uneven
temperature and arcing which produced parts with imperfections which consequently led to changes in
material surface, microstructure and mechanical properties. Significant improvement of surface
properties of non-alloy and stainless steels was observed by applying increased values of impulse
current and use of CC of smaller diameters, while improvement of friction coefficient of carbon steel
was due to increase of surface hardness and creation of high compressive residual stresses. A further
step in the innovative development of the CCPN process is based on the application of duplex
technologies that have proven useful in improving surface properties. The research is mainly focused
on understanding the influence of pre and post-treatment with cathodic cages made of appropriate
materials on the surface hardness, wear rates and friction coefficient of the treated samples. The best
coating quality on non-alloy steel was obtained by initial nitriding in an austenitic steel cage and
subsequent nitriding in an aluminum cage. The same results were reported for austenitic steel as the
base material, so an improvement in surface hardness and wear properties can be clearly seen by post-
treatment in an aluminum cathode cage. It is interesting to note that the mechanical, wear and
corrosion properties depend on the correct choice of machining order.
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Abstract: The paper presents advanced technologies based on the formation of hybrid layers by a combination
of modification and coating procedures of materials applied to the surface of hot forging dies and the effect of
heat and energy lead to increased service life and tool quality. The use of these double layers are developed from
the need to eliminate the disadvantages which single PVD and CVD coatings and PN layers are faced exposed to
elastic and plastic deformation of soft steel substrates, ie intensive oxidation and adhesive wear of the upper
Fe(N) layer. The paper illustrates the mechanisms of damage and degradation of hot forging die materials as a
consequence of long - term interaction between the workpiece and the die material, whereby partial attention is
focused on economic benefits achieved by using the above technologies. The results of this research show that
the introduction of completely new procedures, by combination of plasma nitriding and PVD coatings as well as
the latest innovative double PACVD coatings on appropriately processed base material, has an impact on hot
forging die performance, because they have been found to lead to improvement of tribological properties of the
die.

Key words: hot forging die, plasma nitriding, PVD, PACVD

INTRODUCTION

The problem of low tool lifetime has long been a subject of interest to many scientific centers around
the world. In recent years, in light of continuously growing competition, there has been growing
interest inthe problem of improving tool lifetime Metalworking processes, including forging, are a
particular group of manufacturing processes,where the tools applied are often very complicated and
their lifetime is very short due to heavy-duty working conditions, meaning that, in certain cases, tool
costs make up even 30% of total production costs [1] The wear of forging tools used in hot forging
processes is complicated and difficult to analyze, as it is affected by many phenomena, which often
occur simultaneously. Among the most important ones, we can name thermo-mechanical fatigue,
plastic deformation, abrasive wear, and oxidation [2-7]. All these factors simultaneously contribute to
the wear of forging tools, while the share of the effect of the particular factors is different depending
on the type of the tool (its size, shape, and production manner) as well as on the operation conditions
(type of the forging aggregate, pressures, process temperature, etc.) [2].

The effective way to improve the durability of forging dies is a modification of the surface properties
by the constitution of layers or coatings having appropriate properties [7]. Here, new elements are
diffused into the surface usually at elevated temperatures so that the outer layers are changed in a
composition and properties compared to those of the bulk [8]. Among various methods of surface
treatments, PN is considered as one of the promising methods as this process provides of high surface
hardness, fatigue strength, corrosion and wear resistance along with the low coefficient of friction
[9,10]. In recent years, many new solutions have also been developed in the feld of methods
improving the lifetime of forging tools. Among these solutions, hybrid layers are dominant, i.e., those
combining various surface treatment methods for the purpose of obtaining new properties and higher
wear resistance [6]. The most widely used surface treatment technology is a combination of plasma
nitriding of the die surface layer with subsequent deposition of hard antiwear coating by means of the
PVD (Physical Vapour Deposition) methods often called a duplex technology [10]. Thanks to
lowering the temperature of CVD processes (in the PECVD process) it became possible to use CVD
coatings for building layers based on nitrided layer [11]. It is to be expected that in the future
combined procedures will be the most developed, because they achieve even better properties [12].
With this paper, the authors presented the latest research directions and the main focus of development
of surfaces modification procedures of tool steels for hot work using plasma-based technologies,
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which provided a more complete insight into the composition and properties of layers and coatings
built with the aim of providing protection against the most difficult working conditions which
prevailing on the surfaces of the dies.

DAMAGE OF CRITICAL AREAS OF HOT FORGING TOOLS

In today's engineering, forging has become an important process for manufacturing parts. [13].
Working life of the dies is an important consideration from the point of view of cost reduction
associated with tool replacement and maintenance and improvement in productivity and product
quality [14]. In the last years, metalworking industries have shown great interest in improving service
life of tools used in hot working operations, such as hot forging [15]. The cycle of a hot forging
operation is schematically shown in Fig. 1. At first the billet is heated up to 1000-1250°C and
positioned in the lower die. After forming the shape under high mechanical loads, the finished part is
ejected from the die. Afterwards, the dies are mostly cooled using air and a mixture of water and
lubricant to decrease friction during the following forging step [16].

hot forging cycle

nsertion

of billet a a I $F forging
=

(1000 - 1250 °C)

—= “x
spray cooling ' , part ¢jection

and lubrication VW -\ I I

Fig. 1. Cycle of a hot forging process [16]

During the forging process, dies are heavily loaded and exposed to complex loading conditions,
combining thermal, mechanical, tribological and chemical loadings [17-20]. The most of hot forging
die failures are caused by inadequacy of influencing variables such as die materials, design,
manufacturing and forging operations [21]. Fig. 2 shows two worn forging dies after about 10000
strokes.

A
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0000 cycles [22]

Fig. 2. Appearance of two closed-die forging dies after about 1

Although the tool steel is the same in both cases, it is obvious that the dominant damage mechanism is
slightly different, which can only be explained by differences in the local loading conditions. On the
right hand side, thermal fatigue was dominant, whereas the die on the left hand side has predominantly
seen abrasion. Under high process temperature conditions, work piece and tool material may stick
together causing adhesive wear (Fig. 3a). Additionally, the oxidation of the work piece surface creates
hard particles like scale which cause extensive abrasive wear. During production, the thermal load
from material processing will be followed by cooling cycles which provokes thermal shock conditions
(Fig. 3b).
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On forging tools, wear is responsible for tool failure in 70%, mechanical cracking in 25%, thermal
cracking in 2% and plastic deformation in 3% of failure cases [23]. The main component of the total
cost is the die cost which is closely related to the die life. The die cost is of about 30% of the total cost
for a closed die forging process. Hence, an increase of 100% in the die life can reduce the total cost of
about 15% [8,1,2,5,10]. In light of this, increasing tool durability is a critical challenge in the
manufacture of die forgings. Improved durability contributes to lowering the unit cost of
manufacturing a forging and ensures stability and greater output of the production process [24].

THIN LAYERS AND COATINGS APPLIED BY PN/PVD TECHNIQUE
Notes before analysis

To improve the mechanical and tribological properties, various PVD coatings have been largely
employed. Among the wear resistance PVD coatings, titanium-containing coatings such as TiN, TiC,
TiCN and TiAIN have been of great interest since they have high hardness, low friction coefficient
and high wear resistance [25-29]. Since PVD coatings are very thin, the applied forces must be mostly
supported by the substrate. So, high elastic and plastic deformation of unhardened steel substrates
results in decreasing the wear resistance and the adhesion of the coating systems [30]. The
combination of plasma nitriding and PVD hard coatings should be the next step of performance
improvement of hot forging tools. Plasma nitrided tool steel surface provides better mechanical
support for the hard coating than the original hot working tool steel. The combination of plasma
nitriding and PVD hard coating may also increase the thermal fatigue resistance due to high residual
stresses [31]. Two combined hardened surface layers, i.e., the plasma nitrided layer and the PVD
coating, result in their synergic interaction [10]. The coating protects the nitrided substrate against
oxidation and local damage, while the diffusive layer of nitrides forms a stable substrate of varying
hardness, constituting an intermediate layer between the relatively soft substrate and the hard coating.
This prevents premature cracking and removal of the coating resulting from deformation of the
substrate. The beneficial properties resulting from the application of a hybrid layer are shown in Fig.
4.
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Fig. 4. Structure of hybrid layer containing PVVD coating and diffusive layer of nitrides [24]
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Improvement of mechanical and tribological properties by PN/PVD technique

Literature [32] presents results which enabled the determination of the role of CrN coating and the
influence of its thickness on the effectiveness of hybrid layer "nitrided layer / CrN coating” in the
process of increasing the durability of forging dies. The obtained results revealed that for all tested
dies, independently from CrN coating thickness, the main mechanisms of their destruction was
mechanical and thermal fatigue, and plastic deformation. It has been shown that the main role of CrN
coating in the hybrid layer "nitrided layer / PVD coating" is to counteract a high temperature influence
the source of which is forging on die material. The hardness change analysis of forging dies at their
various maintenance stages (Fig. 5) proved that in the dies’ initial maintenance period a factor decisive
for limiting the intensity of their wear is, first of all, the thickness of CrN coating. A greater CrN
coating thickness reduces the influence of forging temperature on the tempering of the die’s material
more effectively. Thanks to this the CrN coating with a greater thickness better prevents the decrease
of the die’s hardness in the forging process and in effect counteracts more effectively the die’s plastic
deformation.
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Fig. 5. Results of hardness measurements in the distance function from the surface for dies covered
with hybrid layer "nitrides layer / CrN" with a different thickness of CrN coating, after their various
maintenance time: a) 100 forgings, b) 1000 forgings, ¢) 2000 forgings, d) 4000 forgings [32]

In paper [33] the surface improvement properties during hot forging of steel parts are considered, by
applying multilayer coatings FUTURA and PN+FUTURA. Before the introduction of coated tooling
into the forging procedure, they measured the properties of a duplex treatment on polished test plates
of H11 tool steel, which were treated together with one set of dies. After plasma nitriding for 8h, they
measured a Vickers microhardness of 1100 HV 25 through a diffusion depth of 85um, while, after
nitriding for 24h, the diffusion zone was extended to a depth of approximately 160um. The
microstructure of the duplex coating on the H11 substrate was studied by SEM analysis of the
FUTURA multilayered coating on the plasma nitrided tool steel cross-section, as shown in Fig. 6. The
high resistance of such a top coating against wear was also observed during the scratch test (Fig. 7).
The scratch test on the duplex coating showed only quantitatively how strong the influence of plasma
nitriding is on the adhesion of the top FUTURA coating.
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Fig. 6. SEM micrograph of a FUTURA coating  Fig. 7. SEM micrograph of a scratch track on an
deposited on a plasma-nitrided H11 test plate AISI H11 test plate, improved with duplex
[33] treatment, as observed at 115N [33]

In literature [34] the effects of duplex treatment consisting of plasma nitriding and PVD hard coating
on the surface properties of hot working tool steel were investigated. Three different coatings (TiN,
CrN single layer coating and TiN/CrN multi-layer coating) were deposited on pre-plasma nitrided
AISI H13 steel using unbalanced magnetron sputtering method. Fig. 8(a) shows the hardness of each
coating from the surface to 300nm depth and the values of hardness and elastic modulus determined at
the indentation depth of 1200nm are showed in Fig. 8(b). The hardness of TiN/CrN multi-layer coating
was measured to be approximately 36GPa, which is approximately 1.4 times higher than those of the
TiN and CrN single layer coatings (26 and 23GPa, respectively).
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Fig. 8. The hardness (H) and elastic modulus (E) of each coating deposited on pre-nitrided
specimens [34]

The results from scratch adhesion test are illuminated in Fig. 9. Also, in the case of multi-layer
coatings, adhesion critical load is higher than that of single layer coatings because of less residual
stress. The duplex TiN/CrN multi-layer coating has the highest critical load Lc=43N among all
specimens and showed a much better thermal stability than the duplex CrN coating.
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Fig. 9. The optical images of scratch tract formed on duplex treated specimens: (a) duplex TiN single

layer coating; (b) duplex CrN single layer coating; (c) duplex TiN/CrN multi-layer coating [34]
THIN LAYERS AND COATINGS APPLIED BY PN/PACVD TECHNIQUE
Notes before analysis
Today, requirements of coatings with good wear resistance have been increased significantly due to
longer life of industrial parts. For example, using plasma in techniques such as PVD and CVD has

produced better properties of the applied coatings, meanwhile eliminating many limitations of it.
Impossibility of coating the complicated shaped products and high temperature of the process are
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among the difficulties for PVD and CVD techniques, respectively. Using plasma can solve the
abovementioned problems to a great extent [35,36]. To overcome some of these problems, the plasma-
assisted chemical vapor deposition (PACVD) technique tries to combine some of the advantages of
both CVD and PVD techniques [37]. The deposition temperature in PACVD is typically in the range
between 480 and 510°C, which makes this technique suitable for coating of steel substrates. Another
advantage of PACVD is that the load support of relatively soft hot work tool steels can be relatively
easily enhanced using plasma nitriding prior to coating deposition. Other advantages of PACVD
method are the high adhesion and the good morphology of the layers [38]. The PACVD process is
influenced by several process parameters, like discharge voltage, current density, gas pressure and gas
composition and flow rate.

Improvement of mechanical and tribological properties by PN/PACVD technique

In paper [17] the experimental results indicate that the deposition of a proper duplex PACVD coating
and the use of a proper substrate treatment lead to improved tribological properties and a longer
lifetime for the hot forging die. In the case of the investigated PACVD TiN-TiB; and TiCN coatings
the lowest surface roughness and the best coating adhesion were obtained in the case of the polished
substrate, with nitriding clearly increasing the hardness and, therefore, the load-carrying capacity of
the duplex-treated AISI H11 steel. The microhardness depth distribution for the plasma-nitrided AlSI
H11 tool steel is shown in Fig. 10. After nitriding at 540°C for 24h the surface hardness of the
investigated steel increased to ~ 1350 HV, with a nitriding depth of about 220um. The TiN-TiB; and
TiCN coating hardnesses, measured with the nano-indentation method, were found to be ~ 42 and ~
32GPa, respectively.
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Fig. 10. Microhardness depth distribution for the N specimen [17]

The results of the tribological testing performed on the ball-on-disc tribometer are shown in Fig. 11.
Tribologically, the TiCN coating showed a much lower friction and counter-body wear when tested
against the hardened 100Cr6 steel, as compared to the TiN-TiB; coating. However, when deposited on
an as-nitrided substrate the reduced adhesion of the coating led to coating spallation and,
consequently, to increased friction and wear. After the industrial test, performed under standard
production conditions, the TiCN duplex coated insert (sample N-TiCN) was examined and compared
with the standard forging-die insert,which is only nitrided.
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Fig. 11. Average coefficient of friction and steel-  Fig. 12. Forging-die inserts after 13,500 forged
ball wear rate for coated specimens. HP-TiB - parts: (a) TICN-coated and (b) nitrided insert
heat treated+polished; NP-TiB; - [17,39]

nitrided+polished; HP-TIiCN - heat
treated+polished; N-TiCN - as-nitrided [17]
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As shown in Fig. 12, the deposition of gradient or multilayer coatings can significantly improve the
wear resistance of hot-forging die inserts. When they are only nitride, the surface hardness of the
inserts will drop by more than 15% in less than 15000 strokes, eventually resulting in severe plastic
deformation and wear of the inserts. On the other hand, a combination of plasma nitriding and a hard
PACVD coating was found to prevent a drop in the surface hardness and almost eliminated the wear
of the contact surfaces. As shown in Fig. 12, even after about 15000 strokes the coated inserts were
able to maintain their initial geometry.

The aim of study [40] was to investigate the effect of plasma nitriding pre-treatment (PN) on
mechanical and tribological behavior of TiN coatings produced by plasma-assisted chemical vapor
deposition (PACVD). The heat treatment of quench and temper was carried out on hot work AISI H11
steel samples. Using pre-plasma nitriding can also be useful because deposition of TiN film with the
hardness of about 1850 HV on 500 HV hard heat-treated steel forms an unstable and weak interface,
due to a high hardness difference between steel substrate and TiN coating in the interface. This
problem can be solved by an intermediate layer-like plasma nitrided layer with about 1000 HV
hardness to lessen hardness profile gradient and to form CrN phase with the same crystal structure as
TiN. The cross section of the TiN film deposited on plasma nitrided steel is given at Fig. 13. The
dense microstructure of this coating may lead to better corrosion resistance. Microhardness
distributions on the cross section of the samples are presented in Fig. 14.
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Fig. 13. SEM micrographs of the PN+TiN Fig. 14. Microhardness profiles of the TiN
sample: cross section [40] coated samples with pre-plasma nitriding
(PN+TiN) and without pre-plasma nitriding
(TiN) [40]

It is observed that the microhardness profile of sample PN + TiN has lower slope in the interface in
comparison to sample TiN which has a more steep change in hardness profile from surface to
substrate. Moreover, using plasma nitriding treatment before deposition of TiN coating increases the
surface hardness of samples so that the surface hardness of TiN sample is 1400 HV, but PN+TiN
sample has 1810 HV surface hardness. Weight loss of the samples and their counter pins after wear
tests are presented in Fig. 15. There is a large difference of this parameter for samples TiN and
PN+TiN so that the weight loss of sample TiN 1,6x10°kg against ball-bearing steel pin and is 4,5x10°
%kg against WC-Co pin, while for specimen PN+TiN, they are Okg and 2x10°kg. It can be seen that
when the specimens were plasma nitrided, their weight loss reduced considerably. The weight loss of
sample TiN after wear against steel pin is 1,6x10°kg, while there is almost no mass loss for sample
PN+TiN in this condition. This is due to the weakness of interface between TiN coating and substrate

that cause the thin TiN layer to be removed during wear test by crack initiation and its propagation
along the interface.
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Fig. 15. Mass loss of the TiN coated samples with pre-plasma nitriding (PN+TiN) and without pre-
plasma nitriding (TiN) and their abrasive pins after pin-on-disk wear test [40]

CONCLUSION

This paper presents the latest surface engineering procedures based on the combined deposition of
double layers with the aim of improving the performance of hot forging tools, which should contribute
to increasing service life and quality while reducing operating costs and increasing productivity. The
impetus for development research in the field of introduction and application of duplex technologies
was given by the complexity of market conditions, ie the need to achieve competitiveness, stability,
reduction of total costs and productivity through improving the durability of tools against plastic
deformation, abrasive and adhesive wear, thermal and mechanical fatigue and oxidation, which
directly leads to an improvement in the quality of the final products obtained by hot forging.
Degradation of die material involves a complex interaction of different influential variables, such as
die material, construction method, method of production, type of material, pressures and temperatures
in the forging process, which mainly leads to recognizable forms of wear that can affect machine
downtime, which can lead to increased costs. By using hybrid technologies created by previous plasma
nitriding of the surface layer of the die with subsequent deposition of hard antiwear coating using PVD
and CVD methods, it is possible to make great savings and make a significant step in reducing wear of
key wear components of hot forging machines. Operating parameters in the hot forging process, such
as cyclically variable high mechanical loads, intense temperature fluctuations and intense friction can
cause local loss and cracking of the coating, ie adhesive wear, intense oxidation, thermal and
mechanical fatigue and mild plastic deformation of the substrate at Fe( N) layer. To improve the
durability of deposited coatings and layers, pre-treatment with plasma nitriding can be useful, because
creating a middle plasma nitrided layer can reduce the large difference in hardness profile between
steel substrate and coating, which reduces elastic and plastic deformations of the substrate and
provides increased wear resistance and adhesion of the coating, while the coating simultaneously
protects the nitrided layer from oxidation and local damage.
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Abstract: Systems that perform a function are often referred to as technical systems. A technical system can
consist of one or more subsystems. Technical systems are described using numbers, units and mathematical
expressions. A special form of notation is dedicated to systems based on the laws of physics encompassed under
the name Electromagnetism. The number of scientists for whom physics is not the primary profession and who
study electromagnetism is constantly growing. Therefore, an unambiguous way of writing in accordance with the
standards is extremely important. The international standard that defines Electromagnetism is ISO - IEC 80000-
6: 2008 Quantities and units - Part 6: Electromagnetism. The International Organization for Standardization, in
cooperation with the International Electrotechnical Commission (IEC), enacts the above standard, which
introduces order in the way of writing: names, symbols, and definitions for quantities and units of
electromagnetism. The paper gives a brief overview of the role of ISO in Sustainable Development Goals.
Furthermore, it provides an overview of all parts of 1ISO 80000 with special reference to IEC 80000-6: 2008
recommendations. In order to analyse the applicability of the standard, an analysis of published articles in five
scientific journals during an arbitrarily selected year was performed. The numerical indicators of published
papers, the average number of pages per paper and the percentage of elements in the papers for each of the
journals are graphically presented. Finally, an assessment of the correct application of the standard in the
respective journals was carried out.

Key words: standard, 1SO, IEC 80000-6:2008, electromagnetism, technical systems

INTRODUCTION

A technical system is every system that performs a function. Examples of technical systems include
cars, pens, books and knives. Any technical system can consist of one or more subsystems. A car is
composed of the subsystems engine, steering mechanism, brakes, etc. Each of these is also a technical
system unto itself (with its own series of subsystems) — and each performs its own function. The
hierarchy of technical systems spans from the least complex, with only two elements, to the most
complex with many interacting elements, [1]. A description of a technical system is inconceivable
without numbers. In 1883, Lord Kelvin said: “I often say that when you can measure what you are
speaking about, and express it in numbers, you know something about it; but when you cannot
measure it when you cannot express it in numbers, your knowledge is of a meagre and unsatisfactory
kind; it may be the beginning of knowledge, but you have scarcely in your thoughts advanced to the
state of Science, whatever the matter may be.”, [2]. Pythagoras assured his followers: Everything is a
number. They coined the word philosophy as well as the word mathematikoi which means “erudite
people” and from which the word “mathematics” was derived, [3]. Mathematics, as an essential tool
for physics, is used for the description of Electromagnetism, a branch of physics that analyses the
interaction among electric charges, magnetic moments and the electromagnetic field. The number of
scientists for whom physics is not the primary profession and who study electromagnetism is
constantly growing. The way of writing particular terms is often not in line with the standards.
Therefore, the standard-related recommendations are of utmaost importance. The international standard
that defines Electromagnetism is 1SO - IEC 80000-6: 2008 Quantities and units - Part 6:
Electromagnetism, [4]. This paper gives an overview of the guidelines recommended by the standard
and the application of these guidelines by analysing five scientific journals.

STANDARDS AND STANDARDIZATION

Standardization is the activity of establishing an optimum degree of order for common and repeated
use in a given context with regard to potential problems or actual problems, [5]. A standard is a
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document adopted and agreed by consensus and approved by a recognized body. It is intended
especially for repeated use because it gives guidelines, rules and describes activities with the aim of
optimizing the process, [5]. The function of a standard is to efficiently connect systems, provide
quality of service and reduce a variety of different systems and describe processes and products.
Standards can be divided into formal (DIN, CEN), informal (IEEE, VDI) and private, [6]. One of the
most important institutions is the International Organization for Standardization (ISO). With respect to
sustainability, 1SO has set 17 Sustainable Development Goals, Table 1.

Table 1. ISO Sustainable Development Goals, [7]

No. of norms | Goal
340 | No poverty - end poverty in all its forms everywhere

Zero hunger - end hunger, achieve food security and improved nutrition and
529 | promote sustainable agriculture
Good health and well-being - ensure healthy lives and promote well-being for all
2768 | at all ages
Quality education - ensure inclusive and equitable quality education and promote
476 | lifelong learning opportunities for all
176 | Gender equality - achieve gender equality and empower all women and girls
Lean water and sanitation - ensure availability and sustainable management of
539 | water and sanitation for all
Affordable and clean energy - ensure access to affordable, reliable, sustainable
815 | and modern energy for all
Decent work and economic growth - promote sustained, inclusive and
sustainable economic growth, full and productive employment and decent work
2394 | for all
Industry, innovation and infrastructure - build resilient infrastructure, promote
12461 | inclusive and sustainable industrialization and foster innovation

499 | Reduced inequalities - reduce inequality within and among countries
Sustainable cities and communities - make cities and human settlements
2304 | inclusive, safe, resilient and sustainable
Responsible consumption and production - ensure sustainable consumption and
2528 | production patterns
1067 | Climate action - take urgent action to combat climate change and its impacts
Life below water - conserve and sustainably use the oceans, seas and marine
273 | resources for sustainable development
Life on land - protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification, and halt and
1036 | reverse land degradation and halt biodiversity loss
Peace, justice and strong institutions - promote peaceful and inclusive societies
for sustainable development, provide access to justice for all and build effective,
154 | accountable and inclusive institutions at all levels
Partnerships for the goals - strengthen the means of implementation and
revitalize the global partnership for sustainable development
340 | No poverty - end poverty in all its forms everywhere

Table 1 describes ISO goals with respect to sustainable development and the number of standards
which can be related to individual areas. ISO has developed over 23919 International Standards and all
are included in the 1SO Standards catalogue. The number of standards from 1996 to 2018 is shown in
Figure 1, [8].
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Fig. 1. The number of newly published ISO standards by year, [8]

Technical systems are mainly based on Electromagnetism and mathematical models that need to be
described in the documentation, which in part translates into instructions for use, maintenance
instructions and service instructions. In the field of defining standards which are used to define the
correct writing of the description of technical systems, ISO, in cooperation with the International
Electrotechnical Commission (IEC), issued the ISO 80000 standard, which consists of 14 parts, [9].
The 1SO 80000 series of standards was published from 2007 to 2011. The IEC played the leading role
in the development of parts 6, 13 and 14, and 1SO in the others. The first page of the printed editions
contains the logos of both international organizations; however, the logo of the organization that
played the leading role in developing that particular standard appears in the first position. The
European Committee for Standardization (CEN) and the European Committee for Electrotechnical
Standardization (CENELEC) have accepted and published only some of the ISO 80000 series of
standards. CEN and CENELEC published Part 8 and Parts 6, 13, 14, respectively, [9]. Individual
standards designation and scope of application are:

ISO 80000-1:2009 Quantities and units — Part 1: General

ISO 80000-2:2009 Quantities and units -- Part 2: Mathematical signs and symbols to be used
in the natural sciences and technology

ISO 80000-3:2006 Quantities and units -- Part 3: Space and time

ISO 80000-4:2006 Quantities and units -- Part 4: Mechanics

ISO 80000-5:2007 Quantities and units -- Part 5: Thermodynamics

EN 80000-6:2008 Quantities and units -- Part 6: Electromagnetism

ISO 80000-7:2008 Quantities and units -- Part 7: Light

EN ISO 80000-8:2007 Quantities and units -- Part 8: Acoustics

ISO 80000-9:2009 Quantities and units -- Part 9: Physical chemistry and molecular physics

ISO 80000-10:2009  Quantities and units -- Part 10: Atomic and nuclear physics

ISO 80000-11:2008  Quantities and units -- Part 11: Characteristic numbers

ISO 80000-12:2009  Quantities and units -- Part 12: Solid state physics

EN 80000-13:2008 Quantities and units -- Part 13: Information science and technology

EN 80000-14:2009 Quantities and units -- Part 14: Telebiometrics related to human physiology

SCOPE OF APPLICATION OF IEC 80000-6:2008

Scope of IEC 80000-6:2008 encompasses names, symbols, and definitions for quantities and units of
electromagnetism. It also provides insight into conversion factors. The International Standard IEC
80000-6 has been prepared by IEC Technical Committee 25: Quantities and Units, and their letter
symbols in close cooperation with ISO/TC 12, quantities, units, symbols, conversion factors. IEC
80000-6 cancels and replaces the second edition of ISO 31-5, published in 1992, and its amendment 1
(1998). The standard is based on the SI System of Units, as acknowledged and reflected in the
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standards of 1ISO and IEC. The Sl has seven base units, among them metre, symbol m, kilogram,
symbol kg, second, symbol s, and ampere, symbol A. For quantities that vary sinusoidally with time,
and for their complex representations, the IEC has standardized two ways to build symbols. Capital
and lowercase letters are generally used for electric current and voltage, and additional marks for other
guantities. An example of quantities described in the standard is shown in Table 2.

Table 2. An example of quantities as described by IEC 80000-6:2008
Name Symbol | Definition and Remarks
Poynting vector S S=ExH
where E is the electric field strength
and H is the magnetic field strength
source voltage, Us The voltage between the two terminals of a voltage source
source tension when there is no electric current through the source. The name
“electromotive force with the abbreviation EMF and the
symbol E is deprecated.
apparent power S| |S| = Ul

where U is the rms value of voltage and I is the rms value of
electric current

1 0T 17T .
U= ’;J.O uzdt I = ’;J.O i2dt
power factor A A=IPI/ISI

where P is the active power and S is the apparent power.

ANALYSIS OF THE APPLICATION OF IEC 80000-6:2008 IN SCIENTIFIC AND
TECHNICAL JOURNALS

Standards exist to bring order in a particular field and provide unambiguous designation. The best way
to present an analysis of the application of IEC 80000-6:2008 is using examples from scientific
journals which keep the highest standards with respect to the presentation of scientific papers. In
accordance with previous research on ISO 8000 applicability described in the final paper [8], the same
journals in which the analysis of the standard ISO 80000-2:2009 applicability which deals with
mathematical texts were selected. The analysis of the application of IEC 80000-6:2008 was carried out
in papers published in 2018 in the following journals: Tehnicki vjesnik/Technical Gazette ISSN 1330-
3651, [10]; Engineering Review, ISSN 1330-9587, [11]; Acta Polytechnica Hungarica ISSN 1785-
8860, [12]; American Journal of Electrical Power and Energy Systems ISSN: 2326-912X, [13] and
International Journal of Renewable Energy Research ISSN: 1309-012, [14]. The analysis was
performed by the first author as part of the final paper written at the Faculty of Electrical Engineering,
Computer Science and Information Technology Osijek, [15]. The total number of analysed papers was
701; however, the conducted analysis is a subjective review and despite careful analysis, there is a
possibility of deviation from the actual situation. The number of published articles during the year
differs significantly for each journal, Figure 2.

400
300
200
100
100
36 10
0
Technical Gazette JRER ActaP.H. Engineering Review AJEPES

Fig. 2. Number of published scientific papers in the journal per year
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On average, Tehnicki vjesnik/Technical Gazette publishes 40 articles per issue which results in a high
number in Fig.2. The International Journal of Renewable Energy Research is quarterly published with
an average of 57 articles per issue. Acta Polytechnica Hungarica published 8 issues per year and has
an average of 12 papers. Engineering Review is published in three issues with an average number of
12 papers per issue. In 2018 American Journal of Electrical Power and Energy Systems published six
issues with two papers per issue. The number of pages per paper also differs which is shown in Fig. 3

25
19.2

20
1

> 10.22 9.6
10 7.43 7.8

0 %»

Technical Gazette IJRER ActaP.H. Engineering Review AJEPES

Fig. 3. Number of pages per scientific papers

A significant number of pages per paper can be visible in Acta Polytechnica Hungarica which is due to
the one-column format, while other journals use the two-column format. The share of the text related
to Electromagnetism and subject to the guidelines of the sixth part of the standard, in all papers
published in 2018, is shown in Figure 4.

10% 8.70% 9%
8% 6.60%
6%
3.80%
0,

4% 2.30%
0%

Technical Gazette IJRER ActaP.H. Engineering Review AJEPES

Fig. 4. Share of the text subject to IEC 80000-6:2008 guidelines

The frequency of text deviates considerably compared to the average of the two journals Acta
Polytechnica Hungarica and American Journal of Electrical Power and Energy Systems. Deviation
from the average only shows the frequency of the topics which deal with Electromagnetism, whereas
Table 3 presents compliance with the standard with respect to deviation from standard
recommendations. In other words, in Table 3 a classification of application of the standard in
individual journals using grades from 1 to 5 was conducted.

Table 3. Evaluation of the application of IEC 80000-6:2009
Journal Grade
Tehnicki vjesnik/Technical Gazette
Engineering Review
Acta Polytechnica Hungarica
American Journal of Electrical Power and Energy Systems
International Journal of Renewable Energy Research

Al jwWO

CONCLUSION

Systems that perform a function are often referred to as technical systems. A description of a technical
system is inconceivable without numbers and symbols. Most technical systems include phenomena
that we encompass under the name Electromagnetism. The number of scientists for whom physics is
not the primary profession and who study electromagnetism is constantly growing. Therefore, an
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unambiguous way of writing complying with the standards recommendations is extremely important.
The international standard that defines Electromagnetism is ISO - IEC 80000-6: 2008 Quantities and
units - Part 6: Electromagnetism. The International Organization for Standardization, in cooperation
with the International Electrotechnical Commission (IEC), enacts the above standard, which
introduces order in the way of writing: names, symbols, and definitions for quantities and units of
electromagnetism. The IEC 80000-6: 2008 provides examples of records of all sizes describing the
field of Electromagnetism through name, symbol, definition and notes. The rules that are used in the
standardisation system allow only for a brief overview on the examples of quantities described by the
standard. From a handful of examples, we opted for the Poynting vector which describes the direction
of energy movement, voltage source, apparent power and power factor. The application of the
standard is shown on the example of five international scientific journals. The practical analysis was
performed by the first author as part of the final paper and about 700 scientific papers were analysed.
Taking the above into account, the conducted analysis is a subjective review and despite careful
analysis, there is a possibility of deviation from the actual situation. The results of the analysis
presented graphically indicate that the elements in the articles related to the standard are represented
on average by 6%. The average applicability of the standard is up to 75%, and Technical Gazette is an
example of full compliance with the standard recommendations.
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DETERMINATION OF NATURAL FREQUENCY AND AMPLITUDE
RATIO OF A RAYLEIGH DOUBLE BEAM SYSTEM WITH A KEER
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Branislav Milenkovié¢!, Danilo Karli¢i¢!, Porde Jovanovié!
!Mathematical Institute of Serbian Academy of Science and Arts, Belgrade, Serbia
e-mail: bmilenkovic92@gmail.com

Abstract: Free transverse vibration of a Rayleigh double-beam system with effect of compressive axial load
with a Keer layer in-between are studied in this paper. It is assumed that the two beams of the system are
continuously joined by a Keer layer. The equations of motion for this system are described by a set of three
homogenous differential equations. The classic Bernoulli-Fourier method was used for solving this system of
differential equations. In the research found in literature on the subject of Kerr model, the most common
methods used are theories of Timoshenko and Euler-Bernoulli. It is for that exact reason that the research goal of
this paper is determining analytical and numerical characteristics (natural frequency and associated amplitude
ratio) of the considered model by applying the Rayleigh theory. The numerical results obtained are shown in the
form of a plot diagram. Presented numerical results in this paper confirm those obtained in the literature.

Key words: natural frequency, amplitude ratio, Keer layer, Rayleigh double beam

INTRODUCTION

A large number of mechanical systems is of complex structure composed of two or more basic
mechanical systems, whose dynamic behavior is conditioned by their mutual interaction. Systems
connected by an elastic layer compose a group of such mechanical structures, and they have wide
appliance in mechanical and civil industry. Oscillations and stability of such systems are the subject of
scientific and practical work spanning several decades.

Oniszczuk [1,2] analyzed the problem of free and forced oscillations of two elastically bound Euler-
Bernoulli carriers. The paper determines analytical solutions of eigen frequencies for amplitude
functions and oscillation forms. In the paper by Zhang et al. [3], on the basis of the Bernoulli—Euler
beam theory, the properties of free transverse vibration and buckling of a double beam system under
compressive axial loading are investigated. It is found that the effects of compressive axial loading on
the natural frequencies of the system and associated amplitude ratios are more significant with the
increase of axial compression. Also, the effects of compressive axial loading on the higher natural
frequency and the amplitude ratios are significantly dependent on the axial compression ratio whereas
that on the lower natural frequency is almost independent of it. It is concluded that the critical
buckling load gets smaller with the increase of the ratio of the axial load F to F; and the diminishment
of the stiffness modulus K of the Winkler elastic layer.

In paper by Stojanovic et al.[4], free transverse vibration and buckling of a double-beam continuously
joined by a Winkler elastic layer under compressive axial loading with the influence of rotary inertia
and shear are considered. The motion of the system is described by a homogeneous set of two partial
differential equations, which is solved by using the classical Bernoulli-Fourier method. A structural
model of a layered-beam system composed of two parallel Euler beams of uniform properties axially
loaded with a flexible Winkler elastic layer in-between was used to study all the desired effects. It is
determined that the influence of rotary inertia and shear on natural frequencies is manifested by the
reduction of their values. In addition, it is found that the rotary inertia does not influence the critical
buckling load model of a layered-beam system composed of two parallel Rayleigh beams, yet when
the model of a layered-beam system composed of two parallel Timoshenko beams is considered, the
influence of transverse shear causes a decrease in the critical buckling load.

Paper by Kozic et al. [5], an analytical theory to define the dynamic characteristics of the elastically
connected parallel-beams under compressive axial loading. It is assumed that the two parallel-beams
of the system are simply supported and continuously joined by a Kerr-type three parameter model. The
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motion of the system is described by a set of three homogeneous partial differential equations, which
are solved by using the classical Bernoulli-Fourier method. The natural frequencies, associated
amplitude ratio and the critical buckling load for complex system are determined. The model is tested
numerically, and the results were compared with other numerical models.

In the paper by Mohammadi and Nasirshoaibi [6], the forced transverse vibrations of an elastically
connected simply supported double-beam system with a Pasternak middle layer subjected to
compressive axial load are investigated using the Rayleigh beam theory. The properties of the forced
transverse vibrations of the system are found to be significantly dependent on the compressive axial
load and shear foundation modulus of Pasternak layer. The axial compression and shear foundation
modulus of the Pasternak layer affects the magnitudes of the steady-state vibration amplitudes of the
beam. Also, the ratios (¢1) and (¢p2) decrease with increasing of the shear foundation modulus of
Pasternak layer G,. This research can be used in optimal design of a dynamic rotation absorber.

This paper is organized as follows. In Section 2 mathematical model of double beam system
with Keer layer in between was formed using Rayleigh beam theory [7,8]. In Section 3 we
solved formed differential equations in previous section and obtained analytical expressions
of natural frequency and associated amplitude ratio. In Section 4, the numerical
analysis of the system was performed using Matlab R2019a. Finally, in section 5, the
conclusions are drawn, briefly.

MATHEMATICAL MODEL

Fig. 1 shows double-beam system with Keer layer [9] in-between with length of |
subjected to axial compressions Fi and F,. The model assumes that the axial forces F; and F»
are not changed with time, the two beams have the same effective material constants, the
rotary inertia and shear deformation are negligible, the behavior of the beam material is linear
elastic and the cross-section is rigid and constant throughtout the length of the beam and has
one plane of symmetry.

Fi Fi X

S N e Wt
F 4’-_‘K2 X F-

/TN I W(x.t)

— —— -—

y+ W
Fig. 1. Double-beam dynamic system with a Kerr middle layer

The equations of free transverse vibration of a Rayleigh double-beam system with the
effect of compressive axial load with a Kerr layer in-between have the following form:

o'w, o'w, o'w, O*W
8)[21—,0I18X28t12 +El 6x41+Fl 8X21+K1(W1—W3)=O (1)

PA
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O*W,
G v — (K, + K, )w, + Kw, + K,w, =0 2
0w o'w. o*w. o*w.
PA, at22 -pl, 6x26§2 +El, 6x42 +F, 6x22 +K, (w,—w,)=0 (3)

where p is the mass density, A is the cross-sectional area of the beam, Ix is the moment of
inertia of the beam cross-section and E Young’s moduls.

Eliminating ws from equations (1) and (3) one can obtain two sixth order coupled governing

differential equations:
6 6 4 4 2
GEl, o’'w, Gpl, o'w N GFl_Ell 1+& avZ1+Gp,Al 62w12+ G-F 1+& av;/l
K, K, )| Ox K, oxot K, )| ox

K, ox° K, ox'at?

(4)

K 2
- pA (1+ ?ZJ aatVz"l - K,w, +K,w, =0
1

GEl, o°w, Gpl, d'w, JCGR g 1K 84W2+GpA2 o'w, Jo gl ke 0w,
K, & K, ox'at® | K, A7 K J|ax* K, oxfet? TOK, | e

(5)

K, )o*w
—pA2[1+—2j 2—Kw, +Kw, =0
Kl atZ 1772 1"

The initial conditions in general form and boundary conditions for simply supported beams of
the same length are assumed as follows:

w, (X,0) =W (X), Wi (x,0) =, (X), (6)
w, (0,t)=w, (0,t)=w (I,t)=w; (L,t), i=12. (7

SOLUTION OF THE PROBLEM

Assuming time harmonic motion and using separation of variables, the solutions to

Egs. (3) and (4) with the governing boundary conditions can be written in the form:

() = 2%, (T (1), ®

where Tin(t) denote the unknown functions, and Xa(x) is the known mode shape function
which is defined as:

X, (x)=sin(k,x), k :”I—”, N=123,.. )

n

Substitution of Eq. (8) into Egs. (3), (4) yields ordinary differential equations for the
Rayleigh
double-beam system. Therefore:

e 2
Z{_aZ % - bZTZn + HZTln }Xn = O (10)

n=1
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oo 2
Zl{_al aa;:rzln - Tln + H1T2n }Xn =0 (11
where
no Koy K
PA PA
4 2
& _Shk, +G—k”+[1+&J
AK, K, K,
4 2
a, _ Sk, +G—k"+(1+&j
AZKZ K2 Kl
6 4 4 2 2
b = GElLky GFky  Elk, (1+ﬁj+%— Fk; [1+&j+&
PAK,  pAK,  pA U K ) pA pA K ) pA
6 4 4 2 2
PAK, pPAK, pA " K ) pA pA L K ) pA

The solutions of equations (10) and (11) can be obtained by:
T,=Ce“, T,=De"", (12)

where wn denotes the natural frequency of the system. Substituting equation (12) into
equations (10) and (11), we obtained:

(b, —a,0?)D, —H,D, =0 (13)
(b, —a,0})D, —H,C, =0 (14)
When the determinant of the coefficients in Egs. (13), (14) vanishes, non-trivial solutions for
the constants C,and Dn can be obtained, which yields the following frequency
(characteristic)

equation:

a,a,0, —(ba, +ab,)w; +bb, —HH, =0 (15)

Then from the characteristic equation (15), we obtained

2 (blaz +a1b2)_\/(b1a2 + ale )2 —46118.2 (blbz - Hle)

= 16
Wy 2aa, (16)
2 (blaZ + a1b2)+\/(b1a2 +a1b2 )2 _4a1a2 (ble B H1H2)
a)n2 - (17)
28,3,
For each of the natural frequencies, the associated amplitude ratio of vibration modes
of the
two beams is given by:
b, —a,a},
o :&: H, :(2 2 m) (18)

" D, (bl_a1a7§i) H,
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From the above analysis we know that solutions (12) can be rewritten as:

T, (t)=C, e +C, e '™ +C, &' +C, e/, (19)
'|'2n (t) — Dlneiwnﬂ + Dzne—l'wmt + Dsnejwnzt 4 D4ne‘j”’"2t, (20)
or introducing the trigonometric functions we get:
Z[A" sin(a,t)+ B, cos(a,t) | (21)
Zam [ A;sin(a,t)+B, cos(a,t)] (22)
where Aniand By (i=1,2) are unknown constants which are determined from initial conditions.
2a . s
A= (s ”_10{”1)' IO (Vpotyp — Vi )sin (k, X ) dx, (23)
2a . N
A, = wnz(anl”_zanz)l Io(vzoanl—vlo)sm(knx)dx, (24)
2a [ .
B,= mjo(vzoanz —V,, )sin(k,x)dx, (25)
2a I .
B, = (@ _:;nz)l jo(vzoanl —V,, )sin(k,x) dx, (26)

Finally, the free transverse vibrations of an elastically connected double beam system
described by the following equations:

Zsm (k,2) Z[A" sin(a,t)+ B, cos(a,t) ] (27)

Zsm k z Zam [ A;sin(a,t)+B, cos(m,t)] (28)

NUMERICAL RESULTS

In the numerical experiment, a model of two beams of identical geometrical and physical properties
was used [1,3]:

A=0.05 m?, E=10° Nm2, 1=10m, 1=0.0004 m*, Ko=200000 Nm?,
G=(0,0.5,1)Ko, p=2000 kgm’3.
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Fig. 2. Effect of the axial load ratio ¢ on the lower natural frequency wn for K=Ko=K1=K>
(F1=0.4 F,™")
10.4 T T T T T T T T
G =0 K0
10.2 - G =05K, |
G =1 K0
10 -

£
Fig. 3. Effect of the axial load ratio  on the lower natural frequency wm for K=Ky=K;=K>

(F1=0.8 Fv™)
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Fig. 4. Effect of the axial load ratio { on the hi;her natural frequency on for K=Ko=K:=K3

(F1=0.4 Fv,")
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Fig. 5. Effect of the axial load ratio ¢ on the higher natural frequency wn, for K=Ko=K1=K>

(F1=0.8 Fvx*)

From Figs 2-5, it is seen that the increase of compressive axial load seriatim F1 causes the reduction of
the natural frequency. We also notice that the increase of the shear layer G causes the reduction of the
higher natural frequency mn, and increasing of the lower natural frequency on.

Fig. 6. Effect of the axial load ratio  on the amplitude ratio mn for K=Ko=K1=K>
(F1=0.4 F™)

£
Fig. 7. Effect of the axial load ratio  on the amplitude ratio wn for K=Ko=K1=K>
(F1=0.8 Fx*")
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Fig. 8. Effect of the axial load ratio  on the amplitude ratio wn, for K=Ko=K=K;
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Fig. 9. Effect of the axial load ratio  on the amplitude ratio wn, for K=Ko=K;=K;
(F1=0.8 F,™

From the figures 10-15 it is seen that the amplitude ratios a1 and anz are influenced by the shear layer
constant G and by the axial load ratio {. Amplitude ratios an1 and ane are becoming higher with the
increase in the shear layer constant G, but smaller with the increase in compressive axial load ratio C.

CONCLUSION

Based on the Rayleigh beam theory, the free transverse vibration of an elastically connected simply
supported Rayleigh double-beam, with a Kerr middle layer under compressive axial loading for one
case of particular excitation loading are studied in this paper.

Using the classical Bernoulli-Fourier method, the solutions of differential equations of motion for
double-beam system are formulated. The explicit expressions are presented for natural frequency,
associated amplitude ratio and critical buckling load of the two beams.

From the figures 2-5 can be concluded that the lower natural frequency wni is more sensitive that
higher natural frequency mn, to the compressive axial loading. We also notice that the increase of the
shear layer G causes the reduction of the higher natural frequency wn, and increasing of the lower
natural frequency on1.

From the figures 6-9 can be concluded that the amplitude ratios an and an are influenced by the shear
layer constant G and by the axial load ratio . Amplitude ratios a1 and anz are becoming smaller with
the increase in the compressive axial load ratio ¢, but increase with the increase in shear layer constant
G.
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Future research could include the improvement of the considered model. A model of two connected
parallel Rayleigh beams with a Kerr layer in between including inerter will be examined.
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Abstract: This paper presents an approach for plastic part design and its manufacturing. Based on
the geometric product specifications of the part, the authors designed runner system and determined
associated injection molding parameters. The injection molding parameters are calculated using
numerical simulation. The more favorable variant of the two proposed runner systems will initiates the based
geometry of the mold cavity.

Key words: plastic, injection molding, manufacture

INTRODUCTION

Coeval life cycle assessments (LCA) commend plastics as the noblest contributor to ecology, because
it absolutely reduces human dependence on fossil fuels like shrinking 150% energy demand [1, 2]. Ever
since Alexander Parkes invented plastic in 1855 to substitute demands of ivory from elephants and
whales, tortoise shells and horns, they are preferred over all other material options [3]. Plastic industry
is one of the world’s fastest growing industries. Almost every product that is used in daily life involves
the usage of plastic and most of these products can be produced by plastic injection molding [4-6].
Injection molding is well known as the manufacturing process for creating products with various shapes
and complex geometry. The plastic injection molding is a cyclic process. There are four significant
stages in the process. These stages are filling, packing, cooling and ejection. The injection molding
begins with feeding the resin and the appropriate additives from the hopper to the heating/injection
system of injection molding machine [4, 7, 8]. The mold cavity is filled with hot polymer melt at
injection temperature in this “filling stage”. After the cavity is filled, in the “packing stage”, additional
polymer melt is packed into the cavity at a higher pressure to compensate shrinkage as the polymer
solidifies. This is followed by “cooling stage” where the mold is cooled until the part is rigid to be
ejected. The last step is the “ejection stage” in which the mold is opened and the part is ejected, after
which the mold is closed again to begin the next cycle [6-9].

MATERIAL AND METHODS
Mold cavity layout design

The mold layout design assumes that the number of mold cavities and type of mold has been determined.
To develop the mold layout, the mold opening direction and the location of the parting surface are first
determined. Then, the length, width, and height of the core and cavity inserts are selected. The goal of
cavity layout design is to produce a mold design that is compact, easy to manufacture, and provides
molding productivity. For multi-cavity molds, there are essentially three fundamental cavity layouts
such as cavities placed along one line (1a, 1d), cavities placed in a grid (1b) and cavities placed around
a circle (1c) which are shown in Table 1 [10].

Table 1. Multi-cavity layouts
S 4—e L

a) Unbalanced linear layout | b) Balanced linear layout | ¢) Balanced ~circular | d) Family mold
layout
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Placing all the cavities along a line, as shown in Table 1, is a simple but poor design. As an alternative
to a linear layout of all cavities, it is common to place cavities in a grid. This design is most common
for applications requiring high production volumes when the number of cavities is a multiple of 2, 4, 8,
16, etc. There are two primary benefits to a grid layout. First, the grid layout will result in a compact
mold with an acceptable aspect ratio. Second, the grid layout lends itself well to naturally balanced
runner system. While the grid layout (Table 1b) is compact and very common, it can result in a runner
system design with multiple branches. To reduce the runner system complexity and ensure more
balanced melt filling, a circular layout is sometimes used when the molded parts are relatively small or
when the number of mold cavities is relatively low. Table 1c, shows one such layout in which all the
cavities are provided at an equal distance from the center of the mold. The primary disadvantage is that
such a circular layout requires a larger mold surface area than grid layouts. A multi-cavity mold that
produces different products at the same time is known as a family mold (Table 1d). Multi-cavity mold
that produces the same product throughout the molding cycle can have a balanced layout or an
unbalanced layout. A balanced layout is one in which the cavities are all uniformly filled at the same
time under the same injection molding parameters [10]. A balanced layout can be further classified into
two categories: linear and circular. A balanced linear layout can accommodate 2, 4, 8, 16, 32 etc.
cavities, i.e. it follows a 2" series. A balanced circular layout can have 3, 4, 5, 6 or more cavities, but
there is a limit to the number of cavities that can be accommodated in a circular layout because of space
constraints [9, 10]. The holder, shown in Fig.1, is used in the following case study. This is constitutive
element of the saltshaker assembly, as shown in Fig.1.

a) Saltshaker assembly b) Holder
Fig. 1. The plastic product

The simulation models are generated using iterative redesign procedure into Creo Parametric software
package, module for simulation (Pro/Plastic Advisor) and mold design (Pro/Mold Design). The
appropriate simulation models consists of the runner system and four CAD parts, as are indicated in Fig.
2. The runner system further consists of sprue gate, main runner, sub runner, cold slug and gate.

6 )

a) Simulation model 1 b) Simulation model 2
Fig. 2. Simulation models
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The runner systems are balanced and acceptable according to injection molding parameters that are
determined using numerical simulation.

RESULTS AND DISCUSSION
The injection molding parameters and its divergences are shown in Table 2.

Table 2. The injection molding parameters

The injection

. Simulation model 1 | Simulation model 2 Comment

molding parameter
Material grade Same Same Polypropylenes PP 001
Injection molding All rounder 270s by
machine Same Same ARBURG.
Maximal injection : Lower is better.

Lower Higher

pressure J Difference is 8 [MPa].

I . Lower is better.
Injection Pressure Lower Higher . )

Difference is 1.5 [MPa].

Maximal melt
temperature Same Same Recomended temperature.
Mold temperature Same Same Recomended temperature
Melt temperature Same Same Recomended temperature.
Transition temperature | Same Same Recomended temperature.

Quality test results by
numerical simulation

High quality. The
completely simulated
model consists of all
green zones.

High and medium
quality. The
simulated model is
green. The runner
has only small area
of the yellow zone.

Green area has high
quality, yellow has
medium quality but
acceptable and red area
has lower quality.

Lower is better.

variance range

Injection time Lower Higher ) )

Difference is 1 [s].

i ] Lower is better.

Calculated cycle time | Lower Higher . )

Difference is 4 [s].
Max sink marks Lower is better. The
estimate 0.09 [mm] 0.20 [mm] difference is significant.
Surface temperature 3.5[°C] 4.7 [°C] Lower is better.

Air traps and weld
lines

A smaller number of
weld lines that are
better positioned.

A larger number of
weld lines that are
poorly positioned.

Lower is better.

The manufacturing
cost of the mold plates

Cheaper

More expensive

The difference is
significant.
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Cooling time . . Lower is better.
; Shorter time Longer time
(in the mold) J Difference is 1.7 [s]

Maximal estimated

shear stress Better Worse Difference is 0.03 [MPa]

At the point where the
Visibly in the holder P runner system connected
o Visible in the .
but not visible in the with the part, a small
assembly . L
assembly imperfection is visible,
called the vestige.

Injection point
(vestige location)

CONCLUSION

The quality test result measures the expected quality of the model's appearance and its mechanical
properties by simulation. The quality is derived from combinations of the following five results: flow
front temperature, packing pressure, cooling time, shear rate and shear stress. Only if all five results in
an area are acceptable, the area is green and the simulation model has a high quality. Yellow area has
medium quality, but that is acceptable. The both simulation models are suitable. The first one has
favorable characteristics with regard to moldability. To injection mold polymers, designing mold cavity
is a key task involving several decisions with direct implications to quality, productivity and frugality.
One main decision among them is specifying the runner system. The runner system of the first simulation
model is much better due to the previously shown simulation. The both gates are designed for automatic
trim of the runner system, so ejector pins will be necessary for automatic trimming of the gates. The
objective of the mold layout design is to determine dimensions of the mold to begin procurement of
cavity plates. The first simulation model occupies a better position in relation to the parting surface, so
the manufacturing costs of the mold cavity are lower. The filling is much more uniform and packing
pressure is better distributed and more efficient. As a result, both residual stresses and warpage are
lower, air traps and weld lines are reduced to a minimum.
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Abstract: In the long history in producing the tool steels, vanadium was used just accidentally, when is
introduced in steel from ores in local area. But many ores did not contain the vanadium in any form, so the role
of positive effect of this alloying element on steel properties was not well known or explained. In a
contemporary metallurgy the vanadium is recognized as an important alloying element, both in structural or tool
steels. Vanadium is known as an element which is chemically highly active, and from that reason it could not be
found in a native state, only as compounds. Such great chemical activity still is a problem in melting and
alloying the steels by using vanadium (almost in small quantitatives) in traditional melting techniques.

The increasing of strength properties and decreasing wear of a steel, when small amounts of vanadium was
added, is discovered in the early 20th century. Vanadium reacts with almost of interstitial elements, but the
reactions with carbon and/or nitrogen are of special interest for tool steels. In recent decades the powder
metallurgy offers some advantages in producing pretty qualitative tools, with higher level of vanadium. Here is
made an overview on the role of vanadium in tool steels.

Key words: vanadium, tool steels, interstitial elements, wear resistance.

INTRODUCTION

It seems that using of vanadium goes back in the 3rd Century BC [1], without extracting & using as a
pure metal or ferroalloy, but rather as ingredient in local ores. Vanadium plays an important role in
(micro)alloyed steels, but for severe working conditions of steel vanadium becomes more interesting
alloying element, especially in tool steels in which is present up to a few percent. At the beginning of
XX century Henry Ford used vanadium to make the body of one type of car to be stronger and lighter.
Vanadium steels, with improved heat resistance, were used in portable artillery in the First World War.
Either of such applications, vanadium is present at supplements which are used in medicine (for
treating diabetes, low blood sugar, high cholesterol, heart disease, tuberculosis, anemia, improving
athletic performance, etc.).

Powder metallurgy (PM) technology find out an important role in producing of tool steels with high
percent of vanadium, which commonly are unable to produce by conventional metallurgical methods.

MATERIAL AND METHODS
Iron - vanadium phase diagram

Vanadium is a lighter element than pure iron, it has a density of 6.11gm/cm3, melts at 19100C, when
in liquid state possess density of 5,5 gm/cm3, so it makes a problem during alloying the molten steel.
Vanadium has a body centered cubic lattice. Every approach in understanding the role of vanadium in
steel begins with the phase diagram iron-vanadium, Fig. 1. Vanadium belongs to a group of alfa phase
formers, and affects during the solidification process on narrowing the temperature interval during
crystallization, same figure. As in high chromium steels, at high percentage of vanadium will be
formed brittle sigma (o) phase. The reduction of carbon solubility during temperature decreasing, with
narrow y-phase region as could be seen from Fig. 1, leads to precipitation of vanadium carbides &
nitrides in steel.
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Fig. 1. Iron — vanadium phase diagram

Vanadium and interstitial elements in steel

Many steels contain a small amount of interstitial elements, as carbon, oxygen and nytrogen, which
commonly show an important influence of many properties. Vanadium as an alloying element in steel
makes a versatile phase, even compounds with mentioned interstitials. Those phases and com-pounds
are present in structural or tool steels. In structural steels vanadium is used since a long time for
producing so called micro alloyed steels. In small amounts vanadium increases both the yield and
tensile strength of carbon steels. The presence of vanadium in structural (micro alloyed, HSLA or
similar) steels commonly is on level from 0.10% up to 0.25%, while in tool steels could be reached up
to a few percent, especially in tool steels produced by PM techniques this level is pretty higher, up to
10%, rarely higher.

Vanadium alone or with other microalloying elements present in steel, as aluminium, niobium and
titanium, contributes the increasing of strength, as first discovered in carbon-manganese structural
steel. The action of vanadium for increasing the strength is explainable by formation of precipitates in
the form of carbides, nitrides or carbonitrides. The refinement of the ferrite grain size could not be
neglected, so the fine grains are also present in steel even at elevated temperatures. After tempering of
guenched steel, vanadium (but not alone) causes secondary hardening. Those reactions are truly
explanation for improving the strength with increased hardenability, even though the formability of
such steels is better. As a result, vanadium steels are used in production of versatile structural
components in civil engineering, automotive industry, etc. Vanadium in high-speed steels (HSS), of
course with obvious presence of carbon, provide high values of hardness (above 60HRC). Some of
these steels are used as surgical instruments.

Carbon and nitrogen as interstitial elements are responsible for reactions that took place in steels
(micro)alloyed with vanadium. Those reactions led to so called precipitation strengthening, when
strength is increased with increasing the carbon contest (at all levels), additionally by the presence of
nitrogen, Fig. 2 [3]. The precipitation strengthening and hardening is affecting by cooling regime
(either during heat treatment or after hot deformation), in steels through a wide carbon content. The
improving the strength, hardness and toughness is caused by formation of stable V-carbides and/or
nitrides, which could be attributed as VC1-x and VN1-x, respectively. These vanadium carbides and
nitrides are highly soluble in the ferrite and/or austenite, contributes to increasing the wear resistance.
Fine austenite grains will produce a finer ferrite grains during cooling, causing a better toughness of a
steel.
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The concentration of vanadium according to nitrogen could be maintained at or above the ratio of 4:1,
for formation of vanadium nitrides — which took place just below the liquidus temperature. It’s worthy
to underline that the solubility of vanadium carbides into the austenite is higher than niobium or
titanium carbides, but the solubility of vanadium nitride is lower than of vanadium carbide. In steel
alloyed with vanadium is registered the absence of Widmannstetter ferrite (during cooling after hot
deformation or long duration of heat treatment regime), and this is another explanation for improving
the toughness of such alloyed steels. Hardnesses of the most important carbides, which commonly
could be found in steels, are shown in Table 1. According to shown data is understandable that the role
of vanadium in steels is to make hard carbides.

Table 1. Hardness of quenched steel and important carbides in steels

Kind of distribution in rolled steel Material HRC
'{,—ﬁ' Quenched st_eel 60 — 65
"i’l t l‘ . Chrome carblde_s 65— 68
'y : ' 4 Molybdenum carbides 72717
R 8 ) Wolfram carbides 7277
AN ‘1, | Vanadium carbides 82 — 84
L Boron carbides 82 -84

Vanadium in tool steels

Vanadium is used in all kinds of tool steels, almost in limited amounts. So, it could be found in variety
of cold and hot working tool steels. In recent years is increased the use of vanadium in special kinds of
steel, when a high wear and/or abrasion resistance is needed.

Vanadium in tools for cold work

A lot of tools for cold work obviously contain carbon and chromium, commonly with 0,10-0,30%V,
some of them up to 1%V. Cold work steels generally contain another alloying elements as wolfram
and molybdenum, when high hardness, strength and wear resistance are demanded. Quenchability of
steels with vanadium, generally, is on satisfied level, first of all according to medium or large amount
of carbon, sometimes up to 2%C. When vanadium is present than the strength and wear resistance are
increased in steel, these properties are however suitable for tools as like: for cutting, forming die
applications, cold extrusion, deep drawing, etc.

From the metallurgical point of view, the role of vanadium in steels is considered in relation to the
temperature over Ar3 point, more precisely it is important for heat treatment purpose. Hardened cold
work tool steels achieve hardness generally in range of 58-64HRC, mainly 60-62HRC, and only
occasionally up to 66HRC. A few examples of tools, known to everyone, are shown in Figs. 3a+c).
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Fig. 3. Common tools for hand use a+c) and microstructure of rolled tool steel (2%C, 12%Cr)
Coarse carbides, as in Fig. 3d), usually should be avoided.
Chromium - vanadium steels

These steels are in using for hand tool manufacturing, one of the most known example is from Fig.3a).
Those tools are made from medium carbon steel (0,5%C), alloyed with: 0.7-0.9% manganese, 0.8-
1.1%Cr and 0.18%V. Anvils, one example is shown in Fig. 3b), frequently are making from steel or
cast iron by using vanadium or wolfram, even molybdenum as alloying element. It is understandable
that those steels or irons must possess high hardness, strength, toughness and wear resistance, some of
these at elevated working temperature during hammering. Small amounts of boron in this kind of steel
is welcome. Various tool steels for cold working, as cutting (see Fig. 3c) or die tools, contain
vanadium.

Manganese — chromium — vanadium steels

These steels usually contain about 0.9%C with greater amount of manganese 2.0%, less chromium
(0.3%) then previous steel, and vanadium ~0.10%. The main characteristic of this kind of steel is in
stable dimensions, so is used for measuring tools, in Yugoslavia this steel (C3840) is called merilo.

Vanadium in tools for hot work

Hot working took place through few different manners: forging, rolling, extrusion and die-casting, Fig.
4. In named processes simultaneously act both the high temperature and pressure, it means that tools
should retain their properties in such circumstances. So, the chemical composition of those steels must
be precisely determined.
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Fig. 4. Main hot working processes in metal fabrication: a) forging, b) rolling, ¢) extrusion and
d) specific castings obtained by die-casting

This great group of tool steels also contain vanadium in amount from 0,4 up to 1,0%, carbon is on
level 0,35-0,45%, with chromium (up to 5%), wolfram and molybdenum. Tools for hot die forging
should contain this valuable element. Die-casting is provided by using a high pressure, for fulfil the
mold cavity by molten metal, according to that in these molds the main failure mode is erosion and
wear. In such environment the presence of vanadium is just needed. Design of die-casting mold is
pretty complex, so there are various used steels for a large number of components, with their
hardnesses, as can be seen from Table 2. for the most used casted metals.

Table 2. Tool steels and their hardness for important die components for various cast alloys

Cast metal
Dee Tin, lead & zinc Aluminium & magnesium Copper & brass
component |Material Hardness Material Hardness Material Hardness
Cavity P20 290-330 HB H13 42-48 HRC DIN1.2367 |38-44 HRC
inserts H11 46-50 HRC H11l 42-48 HRC | H20,H21, H22 |44-48 HRC
H13 46-50 HRC
Cores H13 46-52 HRC H13 44-48 HRC DIN 1.2367 |40-46 HRC
DIN 1.2367 | 42-48 HRC
Core pins H13 48-52 HRC | DIN 1.2367 | 37-40HRC DIN 1.2367 |37-40 HRC
prehard prehard
Sprue parts H13 48-52 HRC H13 46-48 HRC DIN 1.2367 |42-46 HRC
DIN 1.2367 | 44-46 HRC
Nozzle 420 40-44 HRC H 13 42-48 HRC DIN 1.2367 |40-44 HRC
H 13 42-48 HRC
Ejector H13 46-50 HRC H13 46-50HRC H 13 46-50 HRC
pins
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Plunger H 13 46-50 HRC H 13 42-48 HRC DIN 1.2367 |42-46 HRC
shot sleeve DIN 1.2367 | 42-48 HRC H13 42-46 HRC
Holder 4140 ~300 HB #4140 prehard ~300 HB 4140 prehard ~300 HB

block prehard

Vanadium in high speed steels

High speed steels are exceptional group of tool steels, with the highest demands in many properties.
As one of those properties is high hardness and wear resistance just at the cutting edge. During cutting
the temperature is rising in workpiece, cutting edge and chip, see Fig. 5a) for details.

Shear Plane

Workpiece

Workpiece

Flank wear

a) 0)
Fig. 5. Temperature distribution during turning a) and wear at turning nife edge b)

Wearing zones of cutting tool edge is shown in Fig. 5b). Hard compounds in a tool steel, as vanadium
carbide or nitride, contribute to the decreasing of wearing. So, this group of steel contain a higher level
of carbon, usually about 1%, and must be high alloyed with wolfram, molybdenum, cobalt, etc., but
most of them contain vanadium, usually about 1.5-2%V, and for a heavy working conditions some of
HSS steel contains up to 5%.

Vanadium in abrasion resistant tool steels

Vanadium is the most used alloying element for improving the wear & abrasion resistance. This is
particularly special kind of tool steel, mainly used in mining for mineral crushing, etc. Vanadium is
irreplaceable in this kind of steel (chromium-molybdenum), offering both high hardness and abrasion
resistance, thanks to the hard vanadium carbides, see table 1. Main problem in using of vanadium
during melting & alloying of a steel is in great chemical activity of vanadium to oxygen, carbon and/or
nitrogen, so the contest of vanadium in such produced steels is limited. Problem in alloying with high
percent of vanadium in common melting procedures is solved by using another technique - so called
powder metallurgy. Main advantage of this technique is in mixing of powder(s) of pretty different
metals, including compounds. After that, the powders are compacted and sintered. On this way is
possible to produce a kind of high alloyed tool steel with contest of vanadium at 10%, even more.
Such alloyed steel practically is impossible to obtain by classical metallurgical schedule.

Another suitable technique for improving the surface against the wear & abrasion is a surface treating,
in this case it means cladding rather than heat treating or nitriding of the vanadium steel. Because the
powder to be used for cladding must contain a heavy melting metals or compounds, the laser beam is
acceptable as a high energy beam. Plasma beam also offers a needed high temperature for melting, but
the plasma stream is too fast & strong and usually blow up a powder to be cladded. One example of
used powder for laser cladding is given in Table 3.
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Table 3. Chemical composition of MicroMelt 23 powder used for laser cladding, Fe bal, [18]
Element C Si Mn Cr Ni w Mo Co Cu V
mas. % | 1.26 0.6 0.37 4.2 0.28 6.45 5.0 06 | 016 | 3.1

As a carrier and shielding gas was used argon. It is evidenced [8] that by using a laser cladding is
possible to obtain a thick coating up to 3mm, see Fig. 6.

Fig. 6. Laser cladding of Vanadis23 powder on ring (20mm wide and 60mm in diameter) form C45
(C1530) steel substrate: a) single layer; b) 3mm thick layer (with 30% overlapping); c) and d)
single and double layer and €) after machining and grinding

CONCLUSION

The most tool steels are exposed to a heavy working conditions. It is established that vanadium is a
pretty useful alloying element in many tool steels, from cold & hot working conditions, and/or in high-
speed steels. Tools for severe working conditions, especially when abrasion resistance is of great
importance, simply must contain vanadium, it is explainable by formation of very hard vanadium
carbides or nitrides.

By classical metallurgical melting and alloying procedures could be achieved vanadium concentration
in tool steel on level up to 2%, rarely 5%, but by using a powder metallurgy technique (including
sintering) now is possible to produce a high alloyed tool steel up to 10%V, even more. The newest
technology may use a laser beam for cladding, with increased contest of vanadium. When cladding
technique is applied than as a parent, material could be used a kind of cheaper structural steel, as here
is reported.
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Abstract: The present work involves the study of ergonomic approach in case of two different vehicles,
considered to be vintage (collection) vehicles for determining the ergonomic posture for different scenarios, with
direct impact on the driver. This part is very important, taking into consideration the time spent for different job
types in the vehicle. Comparative results were made for the two considered vehicles and conclusions were traced
in regard to the tested scenarios.

Key words: ergonomics, driver posture, vehicle comfort

INTRODUCTION

Automotive ergonomics is the study of how automotive can be designed better for human use. The
human factor aspect of designing automobiles is first considered at the Vehicle Packaging stage. The
term Vehicle Packaging comes to use whenever a new model is in the early stage of study. It is a
method to safeguard and protect space for the human user and necessary components that make up the
vehicle being designed. Other purposes are to provide alternative solutions and proposals, to ensure
the legal requirements are met and to ensure all in-house requirements are met. This study is to
correlate automobiles interior dimensions to comfort factors by means of measuring.

Vehicle Packaging in short is the organization of space for people and the parts of a vehicle to suite a
specific need or transport. It is the first consideration for shaping the vehicle. At Vehicle Package
stage, factors such as engine size, weight, width, height, luggage, number of passengers and their
seating arrangement are targeted. Knowing all the said parameters plus more will help to establish a
range of dimension within a category of vehicle types and cost, enabling the designer to target the
shape of vehicle on a "family of dimensions" that will make it competitive.

Vehicle Packaging actually dictates of how a vehicle should be designed. It provides all the necessary
information for the styling designers and part designers to proceed with at the following stage.
Without vehicle packaging input, all the design engineers will not be able to proceed with the design
concept in details. On the other hand, since Vehicle Packaging is meant to provide suitable space for
people and parts in vehicle, human factor consideration is a must for the integration of the total design.
In vehicle design, the term human factor is interchangeably called as automotive ergonomics [1].

In designing an automobile, there have to be certain dimensions that have been agreed for by the
management, design, and manufacturing departments. As much as design attractiveness is important,
so do the cost factor and manufacturing capability. Design has to be aligned with proper product
positioning and budget as well as manufacturing line setup. To make sure all these factors merged in,
vehicle packaging takes all this factors in drafting the total layout of the automobile. Ideally, a
perfectly packaged automobile will definitely determine the number of sales. One must not
misconstrue vehicle packaging as the total deciding factor for sales. Instead, Vehicle Packaging is the
starting point of an automobile design processes. Other major sales factor such as quality of
components relates to later stage of design where it deals with a lot of other factors which is outside
the scope of this paper [2].

The role of ergonomics is to increase the efficiency and productivity of production and improve
health, safety and comfort of people in their work environment. Ergonomics relies on a large number
of scientific disciplines including physiology, biomechanics, psychology and anthropometry. An
important component of ergonomic research of a vehicle is a prediction and development of a
passenger’s space in the vehicle [3].

The interior of the car can have a significant impact on both mental and the physical health of drivers
and passengers. Seats in the vehicle are one of the main issues during the design because they
determine the position of passengers in relation to all other components in the vehicle [4]. During
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driving, especially in long periods, seat comfort is very important. Comfort is defined as a condition
where the traveler feels relaxed and where you do not feel pain, heat, cold, etc. Lose Loosely designed
seats could negatively affect the passengers, and even lead to serious injury [5], [6].

METHODS

In order to understand the differences between how an USA car manufacturer and an European car
manufacturer designs their driving position we will compare two cars, one designs for the USA
market, Cadillac Deville Sedan, and a car made for the European market, Rolls Royce Silver Wraith
I1. Both cars were produced in the 70s. We will analyze the driving position of both car and we will
see if it is any difference between three siting position in the car.

RESULTS AND DISCUSSION

For this experiment we will analyze three driving position:

e The driving seat will be put in at the maximum distance from the steering wheel;

e The driving seat will be put in the position that offer the most comfort for the driver;
e The driving seat will be put in at the minimum distance from the steering wheel.

To be able to analyze the driving position we will measure the following angles that are present in Fig.
1.

Fig. 1. Angles of driving position

Table 1. Driving position for Cadillac Deville Sedan

Angle Driving position
[] Position 1 Position 2 Position 3
o 82 85 65
B 123 92 60
Y 87 88 90
d 80 70 140
€ 152 121 100
Table 2. Driving position for Rolls Royce Silver Wraith |1
Angle Driving position
[] Position 1 Position 2 Position 3
a 81 88 92
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B 101 110 119
v 101 98 94
5 51 48 45
e 85 92 100

From tables one and 2 it can be observed the following:

Position 1 — depending on the driver, this position is one of the most uncomfortable because the
initial driver setting is fixed, with no possibility to modify that much. This can affect the posture,
can bring stress upon the hands and legs and also can have an impact on the driver road visibility.
For the presented case, the knee angle (beta), varies a lot form one model to the other because of
the overall car setting and geometry for the internal space. This position is much more suitable for
a tall driver. The elbow angle is inverse proportional in the presented scenario, bringing potential
discomfort relative to reduced hand movement possibility.

Position 2 — in this case, this position is different for every driver, allowing them to adapt the seat
settings according to the specifications of each individual. This position is the most suitable
because it offers maximum comfort and safety for the driver and the traffic participants.

Position 3 — the driver will be very close to the steering wheel, depending on the class of used
vehicle and this can affect the eye — hand coordination in combination to the different blind
angles that have to be compensated because of the restricted visibility field and hand / leg reduced
distance.

Fig. 2. Driving Aposition for first and second situation
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N
Fig. 3. Driving position for the third situation

Usually, this position is more suitable for shorter drivers and in the presented scenario the knee angle
(beta) is in a comfort range for the second vehicle, while the elbow angle (epsilon) is identical for the
two vehicles.

CONCLUSION

It can be observed that both car manufacturers, even in the 70s, take in consideration that the driver
need to have a good driving position. After measurements one can observe that in both cars the driver
was able to find a good driving position, but for all the reduced comfort scenarios it has to be taken
into consideration the specific height and overall general dimensions of the driver, because different
scenarios can be applied to different drivers from a physical point of view.
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Abstract: In this paper the technical description and the principle of work of the device for the production of the
biogas are given. The technological parts of the device, the flow of raw material and liquid substrata, the flow of
the biogas and the CHP device are presented. The quantity of the entry- raw material and the contribution of the
biogas, as well as the contribution of the electricity and thermal energy, as well as the energy which is used
while exploitation of the device are calculated.

Key words: Biogas device, biogas, CHP device, electricity, thermal energy

INTRODUCTION

Since the natural resources are not sufficient to meet people’s needs for the electricity and the thermal
energy, because their sources are limited, and especially because of the fact that the environment is
polluted through the emission of the great quantity of harmful gases into the atmosphere, while
combustion of the liquid and gaseous fuels, the development of the new alternative solutions for the
accomplishment of the demands of the users of the energy has taken place. The renewable resources of
the energy are everywhere around us, the nature has given us the possibility to close the complete
energetic circle by them, but they are not sufficiently used. By using the biomass, firstly from the
agricultural waste, the need of the country for the import of the energy sources would be reduced, the
protection of the environment would be raised to a higher level, the economy would be improved, the
unemployment, of, firstly, local inhabitants in less-developed countries, will be reduced, and their
migration from these areas into towns and cities will be prevented [1-3].

The biomass is the renewable source of the energy, the organic decomposable matter of plant or
animal origin, as well as the biodegradable part of the industrial and town- waste which is transformed
into more aspects of energy by different processes. The energy which is gotten in this way is mainly
used for the production of the electricity and thermal energy [4-6].

The biomass is the renewable source of energy which is suitable for the production of the electricity,
thermal energy, gas and liquid fuels. The biogas consists of the methane (55-80%) and carbon dioxide
(20-45%). The energetic value of only methane and hydrogen is important. H,S and ammonium
hydroxide are problematic, and they should often be removed before the usage of the biogas, in order
for them not to react aggressively onto that equipment [3, 7-9].

The pond- gas, the gas from the anaerobic devices for the processing of the liquid waste, septic tanks
and so on, the gas from the solid-waste areas, the gas made in the agriculture (firstly from the rice
fields, but also from the compost, from the digestive tract of the animals (mainly ruminants) and so
on) count as biogas .

The biogas is used for the production of: the thermal energy, of the thermal energy and electricity (co-
generation by biogas devices) — this is the most frequent case, and for the energy of cooling (tri
generation) [10-12].

Sometimes it is used for cars (mainly town buses), but, considering the fact that it requires the
previous preparation, it cannot always be called the car- fuel.

130


mailto:prvulovicslavica@yahoo.com

XI International Conference Industrial Engineering and Environmental Protection 2021 (11ZS 2021)
October 07-08, 2021, Zrenjanin, Serbia

MATERIAL AND METHODS

The principle of the work of the biogas device
Entry-raw materials

The basic substratum which is used in the process of the production of the biogas is the corn- silage,
Sudanese grass and cow- stable dung.

However, the possibility of using other raw materials such as: food- products which are used after the
expiration date (if they are hygienically secured), the rotten seed, beet noodle, molasses, fruit- pulp,
the waste from the processing of the fruit and vegetables, seeds, peel, the fruit which has fallen down,
the leftovers of the food which was not eaten, the leftovers from the beer industry, the leftovers from
the production of milk and cheese, the leftovers from the production of oil...

The entry- raw material is disintegrated and fermented in the biogas device (the time of the keeping
the mass in the fermenter > 50 days) and after that it is stored in the final storage (the lagoon with the
plastic foil) until the period in which the stable dung can be carried out onto the agricultural area (after
180 days, that is, twice a year). The fertilizer which is gotten after the fermentation, is given to the
agriculturalists for the fertilization of the area. The biogas which is gotten is stored in the dome of the
fermenter (the soft storage under the tandem double membrane), it is transported, condensed and
transformed in the CHP unit (the motor for the combustion of the biogas) into the thermal energy and
electricity[7, 8,15].

The electricity which is produced is delivered to the network of the local distributor of the electricity.
The thermal energy of the co- generation unit is used as the process- thermal energy for the
fermentation and for the heating of the object for the management and supervision (< 20% of the total
thermal energy for the heating of the fermenter and for the heating of the object for the management).
In the case that there is not the need for the thermal energy or, for some reason, some of the systems
for the distribution of the thermal energy towards the device or the power station have failed, the
system transfers the cooling of the motor towards the refrigerating towers automatically, as a coercive
form of the servicing the system.

The value of the gas and the contribution of the energy

The content of the biogas consists of: methane CH4 ca. 50 - 55 %, carbon dioxide CO2 ca. 45 - 50 %,
nitrogen N2 ca. 0 - 3 %, hydroxide H ca. 0 - 1 %, oxygen O ca. 0 - 1 %, hydrogen sulfide H.S ca. 0 -
2 %.

In the table 1 the daily quantity of the entry- raw materials and the contribution of the biogas are
given.

In the table 2 the contribution of the electricity and the thermal energy is given.

Table 1. The contribution of the gas

The daily quantity pf the tday Biogas m¥/day
entry- raw materials
The total tc))f the substrata/ 78 10056 m¥/day
iogas

Table 2. The contribution of the energy (electricity and thermal energy)

Calculation electricity/ thermal Per day Per hour
energy
The tran§m|33|on of the 25512 KWh 1063KW
electricity (gross)
The consumption of the 2.041 KWh (8%) from the
electricity for the device cca. distributive network
The transr_m_ssmn of the 23 471KWh 999 KW
electricity (net)
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Table 2. The contribution of the energy (electricity and thermal energy) (continued)

The transmission of the 26.625 KWh 1.103 kW
thermal energy (gross)

The transmission of the

thermal energy for the device 3.994 kWh 166 kW
cca.
The transmission of the 29 630 KWh 943KW

thermal energy (net)

Through the fermentation of the raw materials, the decomposition of the organic dry matter from cca.
75 % has taken place. The basic share of the materials (N, P and K) remains equal 1:1 for the close
system. Only nitrogen N will be transformed into the more convenient form for plants, but its quantity
will not be changed. The stable dung from the biogas device is considered to be convenient for the
treatment of the agricultural areas (fields).

The positive characteristics of the stable dung are: good homogeneity, low burden with smell, good
hygienic features, the easier availability of the stable dung by the plants because of the effect of the
decomposition of the liquid, the ground can easily absorb it, there is no effect of the corrosion of the
plants etc.

RESULTS AND DISCUSSION
The technical description of the system of the device

The technological parts of the device are:

- The mixing hole @11 m, h=4,5 m, V=330 m?,

- The equipment in the station of the pump

- The fermenter @26 m, h=8 m, V=3850 m?,

- The post fermenter-fermenter 11 @26m, h=8m, V=3850m?,

- The CHP-Unit in the container16,50m x 3,0m, H=3 m,

- Others (the torch, the tubes for the liquid, the tubes for the gas and etc.)

In the mixing hole the daily necessary quantity of the corn silage, the stable dung of the cow with the
mat with, if it is needed, the addition of the corn- leftovers, is prepared, it is mixed and the
homogeneous mixture (with cca. 11 % of the dry matter) is gotten. The fermenter is constantly feeding
itself from the mixing hole with the appropriate quantity of the mixture which is divided into two
hourly doses. In the mixing hole the insufficiently high temperature is maintained, so the environment
is inconvenient for the process of the fermentation of the raw material and for the production of the
biogas. The condensate has been pumped into in the mixing hole from the main gas tube, from the
condensation- hole, and after that, it comes back into the process. The quantities of the drained juice
from the storage for the silage which have been made, as well as the part of the quantities from the
rain from the manipulative surfaces of the roads will be gathered in the collective hole, and then they
will be pumped into the final storage (the lagoon with the plastic foil) from which in the next step they
will be used as the liquid for the recirculation. From the storage of the silage, a certain quantity of the
raw material which is added into the mixing hole is taken at the daily basis. These raw materials are
pumped from the mixing hole through the central station into the fermenter. The liquid raw material is
pumped out from the fermenter onto the separator where the solid leftover is separated and stored on
the plateau, while the liquid phase is led towards the final storage — the lagoon.

Inside the fermenter the constant temperature of 38°C is maintained (with the thermal energy which
was gotten in the CHP — unit), at which the colonies of the bacteria will be made and multiplied,
which, due to the anaerobic environment, cause the fermentation by developing the biogas. In order
for the losses of the thermal energy from the fermenter to be low, the walls of the fermenter are coated
with the insulation. In the fermenters, 3 deluged mixers and 3 mixers of the second level are installed.
The final storage has the function of storing the fermented liquid raw material after the separation in
which the important making of the biogas is not expected. The fermenter is covered with the double
foil- reservoir (the membrane) for the biogas, which equals the different quantity of the production of
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the gas and which, at the same time, serves as the reservoir for the gas. The double-membrane
reservoir consists of the external foil with the protection from the wind, which is resistant to weather
conditions (the storm, sun, rain and snow) and from one internal foil which is the reservoir for the gas.
With the under-structure; the concrete wall with the belts and knitted network which prevents that the
gas reservoir falls into the liquid. Two tubes for the gas lead from the fermenter through the hole for
the condensate towards the unit CHP. In the hole, which is protected from the frost, the condensate is
separated from the tubes (the biogas does not come out). That concrete hole is exposed to radiation by
one tube which is made from the stainless steel, minimally 3 m above the condensate hole.

In front of the cogeneration module for the production of the electricity and thermal energy into the
CHP the main hand- valve for the biogas and the main magnetic valve for the biogas which can stop
the supply of the gas into the CHP-space (container) are installed. The compressor for the gas (the
blow-pipe) drains the biogas from the reservoir for the gas and compresses that biogas at 130 mbar in
front of the entrance into the CHP. The biogas flows through the valve into the regulation-block of the
supplier of the CHP. The mixing of the biogas with the air takes place in the CHP and finally the
combustion, too. In that conveying, through the motor, the generator which delivers the electricity into
the public power-supply network is put into operation. In the case of the servicing of the CHP unit, the
biogas is burnt down in a controlled manner through the torch for the biogas which is installed near the
CHP container. The valve for above- and under-pressure in the reservoir for the biogas, and the vents
of the biogas above the fermenter from which the biogas can be vented into the air, are controlled last.

The scheme of the flow of the liquid substrata (raw materials)

The corn silage, and the cow- stable dung with the straw are dosed into the mixing holes by the
loading machine. In that case 30,1 [t/d] of the corn silage, ~16,4[t/d] of the cow- stable dung with the
straw- mat, and 31,5 [t/d] of the Sudanese grass are added into the mixing hole. The approximate
guantity in the dosing spoon is 1,5t, which means that 65 drives per day of 5 min/drive = 5,5 hours per
day for the filling of the new raw material are needed. That solid part of the raw materials is mixed in
the mixing hole (the liquid from the separation and/or recirculation), then the mixed mass, through the
tube and the pump- station, is dosed into the fermenter until 25% of the fresh mass.

In the pump station, two pumps are designed: one for the process V=20m3/h bis 65m3/h 15 kW el.
(regulated by the frequency), one pump for the separation and lagoon V=20m3/h bis 65m3/h 15 kW el.
(regulated by the frequency).

Two pumps for the delivering of the mixed raw material with the share until 11% of the dry matter, for
the dosing of the fermenter.

The fermenter is the gas- impermeable concrete armored reservoir which is insulated and equipped
with six mixers for preventing the floating or sedimentary layers caused through the big part of the dry
matter. The liquid is warmed up with the installed heaters in the reservoir on the wall and it is
constantly kept at the temperature of 38°C. The theoretical limit of the duration of the fermentation is
60 days. From the dosing hole, the fermenter will be dosed by the given quantity of the fresh raw
material of 5msh - 10ms3h, which is divided into 22h/day.

In the fermenters, the raw material is further fermented. Then, the decomposed material from the
fermenter is pumped towards the separation which divides the solid and liquid content of the raw
material from the fermentation. After the separation the dry leftover is stored on the concrete plateau
of the device. The liquid part flows into the final storage (the lagoon with the plastic foil) and it is used
for the recirculation.

In the figure 1 the scheme of the flow of the substratum is presented.

The flow of the biogas

The biogas is made in the fermenter in which there is the reservoir for the biogas. The reservoir serves
as the compensation of the production of the biogas and the stoppage on the power station (for
example, the servicing of the CHP-unit). The biogas will be pulled from the storage sphere through the
tube for the biogas towards the hole for the con dens. through the equipment for the biogas, with the
compressor which will compress the biogas on cca. 130 mbar and carry it through the regulatory block
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towards the CHP-unit. The calculated flow for the compressor is cca. 550m3/h per compressor (CHP
unit).

Liquid stable dung ':‘ @
- L7 ]

G

Organic waste The leftover of the

fermentation
Electricity

Thermal energy

1 Barn _

2 The hole for the liquid stable dunge
3 Collective reservoir

4 The reservoir for the hygienization
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6. The reservoir for the gas

7. Cogenerator-device

8. The storage for the leftover of the
fermentation

9. Agriculture surface

Fig. 1. The scheme of the flow of the substratum

The CHP-unit contains gross power of 1.063 kW el. and the thermal gross power of 1.103kW th. In
the case of the stoppage of the CHP-unit, the membrane in the reservoir for the gas is raised until
certain height (the limited height according to the recommendations), after which, the torch is turned
on and the gas is burnt in a controlled manner. The torch is automatically turned on or off, with the
external signal, (CHP-stands, the reservoir for the gas comes to the level of > 95%), that is, along the
level of the container. The torch is a peak consumer of the biogas which is, with the construction and
the cable, connected near the CHP- unit.

In the figure 2, the scheme of the flow of the biogas is presented.
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Fig. 2. The scheme of the flow of the biogas.

The user of the bionatural gas

The electricity of the CHP unit which is produced and taken away from the generator, is transformed
through the cabinet of the transformer station into the transformer and through it, it is given to the
local power-supply distributor. The needs of the electricity for the device (the pumps, mixers, etc. use
6-8% of the total electrical power of the device) are taken from the power-supply network.

In the controlling object there is the room for the electrical engineering (the cabinet for the power-
supply, the cabinet for the management, etc.), which can be operated by remote control, by the modem
and the computer.
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The thermal energy is made on one side through the cooling of the motor and on the other side through
the using of the thermal energy from the waste hot gases. The thermal energy from the waste gases can
be sent towards the production of the vapor or into the air, by bypass. In the case that during the
summer, the need of the thermal energy is reduced, the rest of the thermal energy will be separated
through the cooler of the motor which is on the ceiling of the CHP- container. The waste thermal
energy is used for the heating of the processes in the fermenters.

The CHP device

With the cogeneration or the CHP device with the using of the gas motors, the gas internal-combustion
engine is harnessed with the generator for the production of the electricity, and the waste thermal
energy is used for the production of the thermal energy (hot water, or vapor). The scheme of the
harnessing of the motor with the users of the thermal energy is shown in the picture 3. In the picture 3
the CHP device with the production of the hot water and vapor is shown. The hot water is sent there to
the consumers through the heat exchanger which is turned on into the circle of the cooling of the
motor and the temperature of the exit which is approximately 80 °C, and the vapor is produced by
using the waste thermal energy of the smoke- gases which have the temperatures at the exit from the
motor 450-480 °C.

Fig. 3. Cogeneration in the industry by using of the gas motors

If the hot water of the higher temperatures is needed, instead of the boiler of the utilizator for the
production of the vapor, the second heat exchanger is installed (exhaust gases and water), and the
cooling liquid at the exit of the motor is additionally heated first in that exchanger until the needed
temperature, and then, through the special exchanger the hot water is heated (90/70 °C, or 100/70 °C),
which is sent to the users. The CHP device with two motors includes the peak boiler for the heating of
the water and the buffer for the accumulation of the thermal energy, if the needs of the users are
changeable during the day — when the needs of the users are lower than the thermal energy which is
given by the motors, the buffer accumulates the thermal energy, and in the second period is used as the
additional source of the thermal energy. The CHP device can follow the need for the electricity (“the
regime of the following the electricity”), and the thermal energy is the by-product. In this way, the
quantity of the thermal energy which is taken over from the network is minimized. If the need of the
thermal energy is higher than the produced one, the boiler is turned on, in order for it to fulfill that
quantity of the thermal energy which is missing. If the need of the users is lower than the one which is
currently produced in the CHP, the part of the thermal energy is thrown away through the refrigerator
of the CHP into the atmosphere.
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This is disadvantageous as far as the effectiveness of the CHP device is concerned and for the thermal
energy which is thrown into the atmosphere to be minimized, the storage battery of the thermal energy
in which the thermal energy is accumulated in the period of the low need for the thermal energy
(mainly during the night), can be used, and the accumulated thermal energy is delivered to the users in
the period when the needs for the thermal energy of the technological users are big (usually the first
shift). In contrast, if the needs for the thermal energy are followed (“the regime of the following the
thermal energy”), or the imperative is the maximal effectiveness of the device (without throwing the
excess energy), that quantity of the energy which suits the needs in the thermal energy is produced.
The thermal energy which is produced covers the needs of the users of the electricity, and if they are
lower than the production, the part of the electricity is delivered to the power-supply network. If the
needs of the consumers of the electricity are higher than the production of the CHP device, the
shortage is filled up from the network. The constant work of the motor at maximal power is possible,
regardless of the needs of the thermal energy. It is used in the case when the price of the electricity
which is paid by the consumer, is so high that it compensates the price of the fuel, or if there is the
reasonable price which the consumer gets for the electricity which is delivered, in relation to the price
of the fuel.

If the reasonable price is made through the privileged charge, then, the condition that the total annual
level of the usefulness has to be bigger than the required one for getting the privileged charge, should
usually be met, too. In that case, the CHP device can be combined with the storage battery of the
thermal energy which is used in the periods of the year when there is the low consumption of the
thermal energy.

In the case that the privileged charge for the electricity which is delivered is not implemented, then the
imperative is that the thermal energy of the CHP device should be maximally used, because there is
the big danger that the CHP does not work cost-effectively, that is, that the power of the device is not
chosen well. It depends on the price of the fuel and the electricity which is paid by the consumer.

CONCLUSION

It can be concluded that the energetic effectiveness of this device is significantly higher than with the
supplying of an industrial consumer with the electricity from the network, and with the thermal energy
from the factory- boiler. The problem with the estimation of the profitability of the usage of this
device is that, that in the industrial consumer itself, more fuel is used for the usage of this device than
for the supplying with the thermal energy from the factory- boiler-room and form the power-supply
network. Then the parity of the price and the electricity and the level of the sale of the thermal energy,
as it is shown in the paper, define the profitability of the device. The careful technical analysis of the
consumer and the energetic system and the financial analysis of the chosen case, have to precede the
final decision about the purchase and the usage of the CHP device.

Because of the failure which was noticed during the practical work, this paper had the aim of pointing
out to the basic problems with the choice of the power and the way of work of these devices.
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Abstract: This paper points out the benefits for the local community from the construction of biogas power
plants (BgP) - which are no from using other renewable energy sources. Benefits from BgP for local community
are: additional income to local farmers, higher level of agro technologies in the village, strengthening social
cohesion, ecological disposal of rural waste, electricity and heat production, organic fertilizer, hiring local labor
and better quality of life for all inhabitants. In paper presented and important elements for planning the
construction of biogas power plants.
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village

INTRODUCTORY NOTE

The energy transition is a pathway toward transformation of the global energy sector from fossil-based
to zero-carbon by the second half of this century. At its heart is the need to reduce energy-related CO,
emissions to limit climate change. Renewable energy and energy efficiency measures can potentially
achieve 90% of the required carbon reductions. [1]

Biogas plants are not adequately represented in the energy transition plans of the new EU members,
nor in the EU candidate countries. Stakeholders for wind and solar power plants strongly influence
decision makers in the investment policy in the energy sector through (in) transparent processes.
Intensified construction of wind farms and large solar systems in the Pannonian countries is essentially
detrimental to many local communities and the national economy and energy transition of these
countries - because national credit lines, RES funds and preferential tariffs are used; all of which
minimizes investment in other renewable energy.

On the other hand, biogas plants (BgP) - which do not have structured interest groups (because there
are not so many opportunities to earn without work in this sector) are unfairly neglected - are put in
the background. This paper therefore points to the advantages of biogas power plants - particularly
important for villages in Pannonia - a natural area for biogas power plants in rural areas. In addition,
the Pannonia areas have problems with: unfavorable demographic trends, insufficient economic
development based on agriculture, and an unfavorable situation with local waste management.
Research data, as well as the work of members of Panon think tank Osijek show that biogas plants
have the most favorable effects on the development of rural local communities and the GDP of the
national economy - through investment, intermediate consumption and employment of domestic labor
and putting into service national resources. This will be illustrated by the example of the Republic of
Croatia. [2] [3] [4] [5] [6]

The benefits of biogas power plants are multiple for both the local community and the national
economy. From this title, this analysis is conducted on two levels: local and national.

BENEFITS OF BIOGAS POWER PLANTS FOR THE LOCAL COMMUNITY
The construction of biogas power plants contributes to a number of local development goals; raising

the standard of living and quality of life in villages, raising the organizational and technological level
of life and business in villages, employment of young people and other benefits - as shown in Figure 1.
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Biogas is produced in rural areas from poultry manure and livestock excrement, biodegradable kitchen
waste and green biomass (vegetable waste and silage). In urban areas, it is also produced from sewage
sludge and biodegradable municipal waste.

So the benefits to the local community are:

Biogas production

Poultry Livestock Biodegradable Vegetable Corn
manure excrement kitchen waste waste silage
4 { 4 2 g

I BENEFITS FOR THE LOCAL COMMUNITY '

| ECOLOGICAL WASTE MANAGEMENT |

ELECTRICITY AND HEAT PRODUCTION

4 J
l Public lighting I | Production in greenhouses |
ORGANIC ADDITIONAL INCOME LOCAL
FERTILIZER TO FARMERS EMPLOYMENT

| HIGHER LEVEL OF AGRO TECHNOLOGY IN VILLAGE l

I STRENGTHENING SOCIAL COHESION ‘

| BETTERQUALITY OF LIFEFOR ALL RESIDENTS |

Fig. 1. Benefits to the local community from the construction of biogas power plants
Ecological disposal of rural waste

In most rural areas, the ecological disposal of waste from rural production (poultry manure and
livestock excrement) and bio-degradable kitchen waste has not been effectively addressed. Rural
households solve this traditionally - by disposing of their property. A small number of rural
households, which own a larger number of livestock, dispose of livestock manure in their backyards -
in their private compost bins and, later, use this organic fertilizer on their arable land. However, such a
traditional method is not sanitary (stench, rats, insects, pigs, poultry, etc.) and endangers the quality of
life of owners and neighbors and emits greenhouse gases (methane, etc.). In contrast, transporting such
waste to a local biogas plant is a much more efficient way of disposing of rural waste.

Electricity and heat production

Biogas power plants produce electricity that can be: (a) delivered to the national electricity system -
for a fee (if there is a contract and the BgP is connected to the electricity grid) or (b) used locally - for
public lighting, local water supply, for communal, social or educational facilities. E.g. many rural
municipalities in the area of Slavonia and Baranja have problems with the financing of public lighting,
and in many villages of these municipalities the public lighting is turned off after midnight. Therefore,
with the construction of BgP, it is possible to solve the local electricity supply of communal facilities.

In the process of electricity production in BgP, waste heat is generated which can be used for heating
business and social spaces, for drying agricultural products or for heating greenhouses and hothouses.
E.g. in the area of Slavonia and Baranja, several biogas power plants supply heat for the hydroponic
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production of tomatoes in greenhouses (on 4 ha in Knezevi Vinogradi) or for the production of
vegetables and flowers in greenhouses (in village lvankovo and Tomasanci). [3]

Additional income to local farmers

For the operation of BgP in the fermenter - in addition to livestock manure and organic kitchen waste -
green biomass (vegetable waste and corn silage) is used in the amount of 40 to 60 percent in each
cycle of BgP - which lasts about 29 days. This means that it is necessary to deliver tens of tons of
silage for each cycle of BgP operation - depending on the installed BgP capacity and the model of
structuring the input raw materials. In this way, local farmers earn additional income, because - silage
is the calculated input cost in the production of BgP.

Organic fertilizer

At the end of each BgP cycle (depending on the installed capacity), tens of tons of digestate remain - a
high-quality organic fertilizer - which is used to fertilize agricultural land or is commercially packaged
and sold in retail chains. It should be noted that according to the quantities of waste delivered (after
the completion of the cycle in BgP) each local supplier of livestock manure receives the appropriate
amount of digestate for use on their agricultural land; e.qg. as it is applied in the municipal BgP (power
2 MW) in Dunaujvaros, Hungary.

Hiring local labor

Given the significant share of construction work in the construction of BgP - there is a high probability
that for several dozen local construction workers there will be work from one to two years - depending
on the installed capacity of BgP.

When the BgP construction is completed, the BgP crew is hired - which is not numerous - from 3 to 5
employees with secondary technical education and one engineer? The importance of employing local
technical staff should be pointed out here - which at the same time contributes to a higher level of
technical competence of the local community.

Higher level of agro technologies in the village

The existence (business) of BgP in each rural community contributes to increasing the level of
application of modern agro technologies in the village - as opposed to traditional habits and customs.
In this way - a regular rhythm of business is introduced in the village, a certain organization of
business and social and business relations is introduced - in the wake of the concept of a smart village.

Strengthening social cohesion

Planning and organization of the implementation of the BgP project and its construction, as well as the
functioning of the plant itself, requires the agreement and cooperation of all local private, business and
social entities and local self-government bodies. These are often significant challenges in practice, but
basically - these processes contribute to strengthening social cohesion in the community; mutual trust
of residents, their trust in local authorities and local organization and work on a joint project are
strengthened.

Better quality of life

Realization and operation of BgP - ultimately brings a better quality of life for all residents in the
village; there are fewer unpleasant odors and stench in the settlement, there is more order and more
organized business life, local farmers have additional earnings, part of the local workforce is employed
and a higher level of technical and agro culture is achieved in the community.
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PLANNING THE CONSTRUCTION OF BIOGAS POWER PLANTS

Planning the construction of a biogas power plant (location and capacity) starts from local potentials;
important are - number of households, number of poultry, number of small livestock (sheep, goats),
number of pigs and number of cattle - according to the model shown in Figure 2; i.e. ie a larger
number of inhabitants and livestock allows the construction of higher-capacity BgP. The most
common built capacities of biogas power plants in developed EU countries are 1 and 2 MW per
locations where there is a large livestock production and a larger number of inhabitants, and power
plants of lower power (300 to 500 kW) are built-in smaller villages.

We also graphically presented the model of financing the construction of BgP (Fig. 3). Large business
systems of agricultural production (LBS), national energy efficiency fund (NEEF), national energy
market operator (NEMO), large private agricultural producers (LPAP) will participate in financing and
crediting the construction of large BgP (1 MW of power and more). In construction of small capacity
BgP in addition to the above entities (with a smaller share) will also finance: joint small agricultural
producers (JSAP), local government (municipality), individual households in the local community
(household) and regional government (county); Figure 3.

ELEMENTS FOR THE CONSTRUCTION PLAN
OF BIOGAS POWER PLANTS

aMw | [ 1mw | | sookw | | 300kw |
4 2 2 2

Number of
households

Number of
poultry

Number of
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Number of
pigs

Number of
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Fig. 2. Elements for planning the construction of biogas power plants

It should be noted here that the first biogas power plant in Croatia was built in 2009 in the agricultural
cooperative Osatina near the village of lvankovo (not far from Vinkovci), and in the following years
another 38 biogas plants with a total capacity of 41.7 MWel were built and put into operation; of that
number, 24 power plants (installed capacity 29,986 MWel and 30,292 QMW) were built in the
Slavonia region (from these 15 BgP was built in the Osijek-Baranja County). It is significant that a
large number of these plants in the region were designed, built and put into operation (connection to
the power system) by Slavonian experts from Belis¢e, Osijek, Slatina, Sl. Brod, Vinkovci and
Vukovar [4]. Figure 4 shows the newly built BgP (300 kW) in Hrastin village (about 20 km from
Osijek) and Figure 5 shows the locations of the built BgP in the region of Slavonia until the end 2019.
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MODELS OF INVESTMENT IN BIOGAS POWER PLANTS
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Fig. 3. Investment models in biogas power plants

It should be noted here that the first biogas power plant in Croatia was built in 2009 in the agricultural
cooperative Osatina near the village of lvankovo (not far from Vinkovci), and in the following years
another 38 biogas plants with a total capacity of 41.7 MWel were built and put into operation; of that
number, 24 power plants (Installed capacity 29,986 MWel and 30,292 QMW) were built in the
Slavonia region, and 15 BpE was built in the Osijek-Baranja County. It is significant that a large
number of these plants in the region were designed, built and put into operation (connection to the
power system) by Slavonian experts from Belis¢e, Osijek, Slatina, SI. Brod, Vinkovci and Vukovar
[5]. Figure 4 shows the newly built BpE (300 kW) in the Hrastin village - about 20 km from Osijek
and Figure 5 shows the locations of the built BgP in the Slavonia region.
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Fig. 4. Biogas power plant (300 kW) in the Hrastin village
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Fig. 5. Locations of biogas power plants in the area of Slavonia and Baranja region (as of 2019)

CONCLUSION

The construction of biogas power plants in rural areas of the Pannonian countries contributes to a

number of local development goals;
¢ Raising the standard of living and quality of life in the village,
o Possibility of additional earnings for local farmers,
e Ecological disposal of livestock and rural waste,
¢ Raising the organizational and technological level of business in the village,
¢ Youth employment and

¢ Raising social cohesion in the village.
In this paper, models for decision-making and construction of BgP are also proposed.

Examples from rural areas of Austria, Croatia and Hungary prove the importance and benefits of

building biogas plants.
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Abstract: This paper points out benefits for the national economy from construction of biogas plants (BgP ) -
especially important for countries of the Pannonia Plain. Research data show that BgP has the most favorable
effects on GDP of the national economy - compared to other renewable sources. Benefits from BgP for the
national economy are: reducing CO emissions and municipal waste disposing, fewer imports of electricity, gas,
and oil, significantly better economic performance in energy sector, balancing functioning of the national
electricity system, hiring domestic companies and activating domestic resources and use of biogas in transport.
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INTRODUCTORY NOTE

In the paper “Advantages of biogas power plants in energy transition Pannonia countries - Benefits for
the local community” we pointed out the unfavorable position of biogas power plants (BgP) in
government structures (stronger interest groups for wind and solar power plants) and the benefits of
the local community from the construction of BgP. In this paper we pointed out benefits to the
national economy - especially important for the countries of the Pannonian Plain. Research data show
that BgP has the most favorable effects on the GDP of the national economy - compared to other
renewable sources - through investment, intermediate consumption and employment of domestic labor
and the activation of national resources. This will be illustrated by the example of the Republic of
Croatia. [1-5].

BENEFITS OF BIOGAS POWER PLANTS FOR THE NATIONAL ECONOMY

The national economy and energy sector have a number of very significant benefits from investing in
the construction of biogas plants compared to other renewable sources - as shown in Figure 2.

Climate change - meeting EU obligations

Each EU member state has committed itself to reducing CO, emissions and disposing of municipal
waste, in order to mitigate climate change. It should be emphasized here that these are not unimportant
and only formal obligations imposed from above - but a civilization and planetary obligation to
prevent catastrophes for humanity. As much as wind and solar power plants are neutral in terms of
greenhouse gas emissions, so is the disposal of livestock manure in BgP - especially in cattle breeding
due to methane emissions. There is special issue of disposal, i.e. recycling of municipal waste; e.g.
Croatia should have separated and recycled 50% of municipal waste by 2020. But this has not been
achieved; the rate of separate collection of municipal waste in Croatia in 2020 was 41%. According to
the current practice Croatia will pay penalties until the assumed obligations are fulfilled as paid by
Bulgaria, Greece, Hungary, Italy and Poland (about ten million € per quarter). [3]

Fewer imports of electricity, gas, and oil

The production and use of biogas contribute to the reduction of imports of fossil fuels. E.g. in the last
10 years, the Republic of Croatia has imported between 30 and 40% of electricity and the same
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amount of natural gas. A significant increase in the production of biogas and electricity from BgP has
a positive impact on reducing national energy dependence, i.e. reducing import of these energy
sources. [4]

Biogas production
BENEFITS FOR NATIONAL ECONOMY
U

CLIMATE CHANGE - FULFILLING EU OBLIGATIONS

LESS IMPORTS OF ELECTRICITY, GAS AND OIL
SIGNIFICANTLY BETTER ECONOMIC EFFECTS IN ENERGY

BALANCE OF FUNCTIONING OF THE NATIONAL ELECTRIC
POWER SYSTEM

EMPLOYMENT OF DOMESTIC COMPANIES and
ACTIVATION OF DOMESTIC RESOURCES

USE OF BIOGAS IN TRANSPORT AND
DISTRIBUTION OF NATURAL GAS

Fig. 1. Benefits to the national economy from the construction of biogas power plants
Significantly better economic performance in energy
The largest impact on GDP and employment in Croatia among renewable energy sources (RES) is
achieved by GDP; as shown in Tables 1 and 2. Also - with BgP, investments per MW in electric

power plants are lower.

Table 1. Investment channels - effects on € 1 million value of total investments

dicator Power plant type | \wind farms Solar Biomass | Biogas hy dsrrc?;cl):/ver
GDP (000 €)

Direct effect 739,1 973,6 188,9 215,8 916,3
Indirect effect 193,3 17,5 671,5 608,0 73,3
Induced effect 91,0 7,4 336,5 183,5 35,3
Total effect 1023.3 998,6 1197,0 1007,3 1025,0
Number of employees in terms of annual labor input

Direct effect 0,6 0 11,7 8.6 6,0
Indirect effect 6.5 0,5 37,8 333 2,5
Induced effect 3,6 0,3 13,1 7,2 1,4
Total effect 10,7 0,7 62,7 49,1 9,8
Source: [6]
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Table 2. Intermediate consumption channel - effects on € 1 million value of total investments

ndicator Power plant type | \Wind farms Solar Biomass | Biogas hy dSr?Scl):Ner
GDP (000 €)

Direct effect 130,0 238,4 217,1 240,9 235,9
Indirect effect 94,2 181,0 178,1 212,9 200,6
Induced effect 120,5 216,9 199,9 220,3 210,7
Total effect 344.,6 636,3 595,1 674,1 647,3
Number of employees in terms of annual labor input

Direct effect 6,1 8,2 9,8 11,9 11,6
Indirect effect 3,2 6,5 6,5 6,6 6,1
Induced effect 5,0 8,5 8,6 9,0 8,3
Total effect 14,3 23,2 24,9 27,5 26,0
Source: [6]

Balancing the functioning of the national electricity system

Biogas plants do not have daily and seasonal oscillations in production - such as hydro, solar and wind
power - which contributes to balancing the functioning of the country's electricity system. E.g. Figures
2 and 3 show the monthly oscillations in the production of electricity in the power system of the
Republic of Croatia from renewable energy sources. Balanced production of BgP and biomass power

plants (Bp) is observed in contrast to wind power plants (Wp) and solar power plants (Sp).
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Fig. 2. Production of electricity from renewable energy sources in Croatia in 2019 - by months [7]
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Fig. 3. Production of electricity from solar power plants in Croatia in 2019 - by months [7]
Hiring domestic companies and activating domestic resources

Data on investments in renewable and energy sources in Croatia in the period from 2009 to 2016 show
that about 80% of the total investment costs in biogas plants are realized by the domestic economy,
unlike wind farms and other technologies where imports of equipment and materials and foreign costs
h contractors amount to over 80 percent. Figure 4 shows the BgP complex (2 MW) "Biointegra"
Slatina - built by domestic contractors with domestic construction materials and a significant part of
domestic equipment.

Fig. 4. Biogas power plants (2 MW) "Biointegra™ Slatina, Croatia [8]
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Use of biogas in transport and distribution of natural gas

Finished biogas (biomethane) in developed EU countries has been used for years as a fuel in road
transport or as a supplement in the distribution of natural gas. To use biogas as a fuel for road vehicles
or in the natural gas distribution network, additional processing is needed - removal of CO;and sulfur.
The treated biogas (now biomethane) is compressed to the gas network pressure level and can be
placed in the natural gas network distribution system. In the developed European countries, in the past
decade, there has been strong growth in the construction of biogas capacity and the use of biogas, and
especially strong growth in the capacity for biogas refining, i.e. biomethane production; Figure 5
shows the annual growth rates of the number of biogas and biomethane plants in Europe. [9][10]
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Fig. 5. Annual growth rates of biogas and biomethane plants in Europe (%) [10]

Unfortunately, no biogas refinery has been built in the Republic of Croatia, and according to available
information, it is not in the plans.

CONCLUSIONS

Our considerations - on the example of the Republic of Croatia - showed:

- That BgP have the most favorable effects on the GDP of the national economy - compared to other
renewable sources - through investment, intermediate consumption and employment of domestic
labor and activation of national resources.

- Importat benefits for the national economy are to: reducing CO; emissions and municipal waste
disposing; fewer imports of electricity, gas, and oil; significantly better economic performance in
energy; balancing functioning of the national electricity system; hiring domestic companies and
activating domestic resources; and Use of biogas in transport

- European developed countries are achieving strong growth in biogas capacity building and biogas
use, and especially strong growth in biogas refining capacity (biomethane production).

- States in the Pannonian area should pay special attention to investments in renewable energy sources
and objectify the eco-friendly, ecological and energy effects of certain forms of renewable energy
sources, and not be subject to the influence of interest lobbies without a critical approach.
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Abstract: Expanding industrialization and energy consumption lead to further energy grid development, which
inherently, leads to extensive exposure to electromagnetic fields. Electromagnetic radiation that is produced by
man artificially and does not come directly by natural means can be consider as electromagnetic pollution.
Electromagnetic pollution, unlike other contaminants caused by human negligence, is invisible to the naked eye,
and therefore, its influence was neglected for a long time. Electromagnetic radiation of extremely low
frequencies (ELF) is produced by electric equipment and other grid parts which conduct electricity. This
electromagnetic field (EMF) is non-ionizing and, therefore, its environmental impact is not immediate but rather
manifested after long exposure. This paper presents a brief overview of extremely low frequency radiation
impact on living organisms as well as a visualization of (ELF) data from case study of EMFs of the Croatian
transmission grid.

Key words: EMF, environmental impact, transmission grid.

INTRODUCTION

Every living organism is a bioelectric system which functions as a result of internal bio-chemical
processes as well as various environmental influences. The mechanisms of the interaction between
electromagnetic fields and the living world, as well as the physical body, are still not fully understood.
Exposure to and effects of external electromagnetic fields can sometimes have positive, but in certain
circumstances negative, effects on health and the living world. All research conducted so far,
especially in recent years, confirms that electromagnetic fields are biologically active in human beings
but also in the animal world. In the last few decades, the entire living world has been exposed to
increasing levels of electromagnetic fields originating from various electrical devices, power plants as
well as home installations. The growing need for electrical power in the industrialized world has
pushed the level of electromagnetic contamination even further. These levels are more expressed in
urban areas but, in recent years, more and more rural areas also experience this issue.

The current regulations on are based on the 2010 Guidelines for limiting exposure to time-varying
electric and magnetic fields (1 Hz to 100 kHz) from International Commission on Non-lonizing
Radiation Protection (ICNIRP) [1], which succeeded the 1998 version and is supported by the latest
report of the Scientific Committee on Growing and Newly Identified Health Risks (SCENIHR). In
such circumstances, the scientific community together with standardization organizations and
regulatory bodies prescribes appropriate standards as well as methods of protection against possible
harmful health effects of the EMFs on human beings. In Croatia, laws and accompanying policies
have been adopted that regulate this matter in accordance with the applicable EU directives. The
Croatian Ministry of Health is responsible for implementing measures for protection against non-
ionizing radiation in accordance with the Non-lonizing Radiation Protection Act (Official Gazette
91/10) and the Ordinance on Electromagnetic Field Protection (Official Gazette 146/14 and 31/19),
[2]. More and more scientific research confirms the occurrence of harmful health effects on people
exposed to EMFs at significantly lower levels than those prescribed in current legal and
standardization documents [4]. This requires a concerted effort by all stakeholders to adopt a new
regulatory and standardization framework that will better ensure the protection of human health while
the widespread use of wireless technologies, and overall increase in power consumption, continues to
grow.
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ELECTROMAGNETIC FIELD RADIATION

The EMF radiation generally refers to the spread of energy through space. Electromagnetic energy
spreads through space in the form of an electromagnetic wave, which represents the partial
propagation of interdependent electric and magnetic fields waves. Fig. 1 shows the EM wave
propagation through space [4].

Propagation
Electric_. Direction/v/-
Field (E)

Magnetic
Field (8

N
Wavelength ( K )
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Fig. 1. EM wave propagation

One of the basic variables of the EM is frequency and represents the rate of change in the wave
amplitude. The following relation connects frequency (f) and wavelength (1):

c=A-f 1)
where ¢ represents the speed of light (roughly 3x10% m/s).

Due to its dual nature, the EM wave can also be represented by energy carrying particles called
photons. The energy of each individual photon can be expressed by:

E;=h-f 2

where h refers to the Planck constant (h=6.62x103* Js).

Due to these relations, it can be concluded that at high frequencies the energies of the photons are so
significant that, when colliding with other matter, they can break the chemical bonds between particles
and therefore ionize the substance. This radiation is referred to as ionizing and it is long accepted to be
dangerous to human health and the environment.

The radiation of lower frequencies (non-ionization radiation) does not have any immediate
consequences to the human body and was, therefore, neglected for a long period of time. Radiation in
this specter include microwaves, radio waves, infrared and the visible light as well as the electric
power grid (50/60 Hz). Fig. 2 shows the EM specter of ionizing and non-ionizing radiation [3].
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Fig. 2. EM specter of ionizing and non-ionizing radiation, source [3]
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The influence of the interaction of time-varying electric fields with the human body leads to the flow
of electric current charges, charge polarization (formation of electric dipoles) and re-routing of already
existing electric dipoles in tissues [1]. As far as magnetic fields are concerned, the result of the
interaction with the human body is the formation of an induced electric field and a circular electric
current. The strength of the induced fields and the current density are proportional to the radius of the
circular currents, the electrical conductivity of the tissue, the rate of change, and the magnitude of the
magnetic flux density. Exposure to electromagnetic fields at frequencies higher than 100 kHz leads to
significant energy absorption and a significant increase in temperature.

Extremely low frequency EMFs

The focus of this paper is the measurement and influence of the extremely low frequency (ELF) EMFs
on human health and the environment as these frequency specters occur in the power grid. As the ELF
radiation is non-ionizing there is no immediate danger to the human body but the impact with long
exposures has been studied. The source of the ELF radiation is a transformer substation, a power line,
an electric power plant and any other electric equipment with a nominal voltage above 1 kV.
Substantial evidence indicates that ELF is carcinogenic at levels of exposure in the 2mG to 5 mG (0.2-
0.5 uT) range and above. ICNIRP and other standards that place public exposure limits as high as
1,000 mG (100 uT) are outdated and should be replaced [3].

One of the major concerns of exposition to such fields can be the development of leukemia in children.
A neural and muscle dysfunction is also possible, because the interaction of a stronger field causes
unwanted stimulation in the central nervous system, although there are conflicting evidence in
experimental studies. As [5] states, “Resolving the conflict between epidemiological data (which show
an association between ELF magnetic field exposure and an increased risk of childhood leukemia) and
experimental and mechanistic data (which do not support this association) is the highest research
priority in this field.”

Other sources state that exposure to ELF fields can also be responsible for increased anxiety and stress
levels, sleep disorders, changes in calcium homeostasis as well as other protein levels in the body etc.

The EMF radiation regulative

In 1999, the Council of Europe adopted an act (1999/519/EC) that that introduces limiting values for
exposure of the general population to electromagnetic fields in the frequency range 0 Hz up to 300
GHz (Table 2). The limit values given in this act are in comply with ICNIRP guidelines from 1998
(later revised in 2010). Each country prescribes its limit values for electromagnetic emissions, so
individual countries generally have stricter criteria and thresholds than those given in ICNIRP
recommendations.

Table 1. Council of Europe recommended thresholds for the EMF exposure of general population

Frequency Electric field Magnetic field Magnetic field Power density
f (Hz) E (V/m) H (A/m) density B (uT) Sekv (W/m?)
<1 - 32000 40000 -
1-8 10000 32000/f? 40000/ -
8-25 10000 4000/f 5000/f -
250-8000 250/f 4/f 5/f -
8000-3000 250/f 5 6,25 -
3-150 k 87 5 6,25 -
0,15-1 M 87 0,73/f 0,92/f -
1-10 M 87/f1/2 0,73/f 0,92/f -
10-400 M 28 0,073 0,092 2
400-2000 M 1,375 12 0,0037 2 0,0046 2 /200
2-300 G 61 0,16 0,20 10
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In Croatia, the Non-lonizing Radiation Protection Act was passed in 1999 (latest edition in 2019),
which determines the principles for the protection of people from non-ionizing emissions. This act
defines the area of increased sensitivity and the area of professional exposure [2].

Areas of enhanced sensitivity are areas of residential zones where people may be present 24 hours a
day; schools, pre-school education institutions, maternity hospitals, tourist accommodation facilities,
and children’s playgrounds; areas of undeveloped plots; where vulnerable groups of the population
may be present.

Areas of professional exposure are areas where work is conducted and that are not in the area
increased sensitivity. In these areas individuals can retain for up to 8 hours a day, as their exposure to
electromagnetic fields is controlled. In Croatia, the current limit levels of the EM field for overhead
lines are shown in Table 2.

Table 2. Croatian threshold values of electric field and flux density in the vicinity of overhead lines

Type of power line Electric field Magnetic field

E (V/m) density B (UT)
Newly installed line / Area of professional exposure 5 100
Newly installed line / Areas of enhanced sensitivity 2 40
Existing line / Area of professional exposure 5 100
Existing line / Areas of enhanced sensitivity 5 100

It can be seen that there is an increase in the safety and, therefore, a decrease in threshold values for
both the electric field and the magnetic flux density of newly installed overhead lines.

EXPERIENCE IN THE CROATIAN TSO

The Croatian Transmission System Operator is the independent transmission operator in the country
and manages power lines and substation with nominal voltage of 400, 220 and 110 kV. This paper will
present the electromagnetic field values of the substation 400/110 kV Ernestinovo [6]. Figure 3 show
the bird’s-eye view of the Ernestinovo substation.

Fig. 3. Bird’s-eye view of the TS 400/110 kV Ernestinovo, source [7]

Electromagnetic field measurement and calculation in TS 400/110 kV Ernestinovo

The primary source of ELF radiation in the substation 400/110 kV Ernestinovo are 5 overhead lines
connected to the 400 kV side, 2 400/100 kV power transformers and a 10 overhead lines on the
110 kV side. According to the Law on Non-ionizing radiation protection, the permissible values of the
electric field and magnetic field density are:
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o for the field of professional exposure (8 hours per day):
o electric field intensity Egn = 5000 V/m;
e magnetic field density Bgn = 100 uT,

o for the field of enhanced sensitivity (24 hours per day):
o electric field intensity Ezan = 2000 V/m;
e magnetic field density Boas =40 uT.

According to [8], All calculations have been conducted in the space of 2 meters above ground. The
greatest calculated electric field occurs directly under the 400 kV busbar system (14000 V/m). The
calculated electric field around the fence (outside of the substation) is generally less than 1000 V/m
except under the overhead line where the values go somewhat below 2000 V/m under the 110 kV lines
and between 2000-4000 V/m under the 400 kV lines, which is greater than the permissible threshold
for 24h stay. Figure 4 shows the computed values of the electric field, and Figure 5 shows the
computed values of the magnetic field density.

a) 300

200

E (Vim)

14215

distance (m)
distance (m)

i 50 100 150 200 250 300 350
Distance from Origin of Profile (m)

Fig. 4. Electric field a) Spatial distribution [8] b) Computed values for E-field on the whole plane [9]
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Fig. 5. Magnetic field a) Spatial distribution [8], b) Distribution on the plane [9]

The magnetic field computation cannot be accurately made due to the impossibility to predict the
current flow through the conductors at any given moment [8]. Measurement concludes that there are
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significantly less violations of the threshold values than with the electric field. The value of 100 pT
(for operating personnel) is exceeded only under the conductors connecting the power transformers
and the 400 kV and 110 kV busbars [9]. This is not shown with the computed method, but this is
expected due to the abovementioned limitation for the computation model.

CONCLUSION

Exposure to high values of electromagnetic fields can have hazardous effects on human beings as well
as the environment. Low frequency electromagnetic fields do not have immediate effects but studies
have shown correlation between long term low frequency electromagnetic field exposure and several
illnesses. Also, education plays a crucial role in self prevention as the general public lacks
understanding on this matter. Analysis conducted in the TS 400/110 kV Ernestinovo detected several
violations of electromagnetic field thresholds for 8-hour exposure of working personnel and, also, 24-
hour exposure violations outside of the substation where general population might reside.

Therefore, there is an imperative to update the current regulative for existing and newly installed
objects. This especially concerns objects in urban areas as there are permanent housing complexes in
the near vicinity.
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Abstract: In the scientific literature various mathematical models are available for modelling on equilibrium
moisture content data of food materials. The objective of the presented article was statistical evaluation of fifteen
five parameters sorption isotherm models and to make comparison on their goodness of fit. The analysed
sorption isotherm models were taken from the reference scientific literature and some of them were originally
generated. The value on coefficient of determination and graphical evaluation of the residual randomness were
the main assessment criterions for statistical evaluation of the sorption isotherm models. The statistical
performances of those models were tested on the equilibrium moisture content data of quince. Based on the
performed statistical analysis the model of Popovski & Mitrevski i.e. model with referent number M03 has the
best statistical performances.

Key words: five parameters models, statistical evaluation, moisture content data.

INTRODUCTION

In the scientific literature numerous mathematical models for approximation of sorption isotherm data
of agricultural and food materials are used. Depending on the number of parameters included in the
model for approximation of moisture sorption data, the models may be one, two, three, four or more
parametric [7]. In the last two decades an increasing number of articles were reported in this area.
These articles includes the methods for determination of sorption or desorption isotherms [4,6],
temperature dependence of sorption isotherms [8], determination of heat of sorption [2] and
development of mathematical models for approximation of moisture sorption data [3,5]. In
engineering calculations, the simplicity of a mathematical model, i.e. a model with a smaller number
of parameters is of great importance. In the case where the sorption isotherm model is incorporated
into the mathematical model for calculating the drying processes or used to predict the shelf-life of the
packaged dried product, then the approximation of the experimental data on equilibrium moisture
content has a greater significance in relation to the accuracy of the theory which is based on it [1]. The
objectives of the presented article was statistical evaluation of fifteen five parameters sorption
isotherm models for approximation of equilibrium moisture data of quince and to make comparison on
their goodness of fit based on coefficient of determination and graphical evaluation of the residual
randomness.

MATERIAL AND METHODS

The equilibrium moisture content of quince was determined at temperatures of 15, 30, 45 and 60°C
using static gravimetric method [6,7]. Ten saturated salt solutions LiCl, CH;COOK, MgCI, K,COs,
Mg(NO3)., NaBr, SrCl,, NaCl, KCI and BaCl, were used to give defined constant equilibrium relative
humidity in the glass jars from 0.110 to 0.920. Two dry samples of quince were placed on holder into
each of the ten glass jars and exposed to atmospheres of various relative humidity. The glass sorption
jars were placed and kept in the temperature controlled cabinet type SANYO MCO-15AC (SANYO
Electric Co., Ltd. Refrigeration Products Division 1-1-1, Sakata Oizumi-Machi, Ora-Gun, Gunma
370-0596 Japan), maintained at temperatures 15, 30, 45 and 60°C with an accuracy of +0.1°C. Three
replications were made at each temperature and equilibrium relative humidity in the glass jars, using
two samples per replication and the average values of equilibrium moisture content were calculated
[6,7]. The change of samples mass was determined by electrical balance type KERN PLJ360-3M
(Kern&Sohn GmbH, Ziegelei 1, 72336 Balingen, Germany), with precision of 0.001 g every 7 days.
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The equilibrium between samples and their environment was reached after 21 days when is achieved
by the constant weight after two successive weighing of samples. The equilibrium moisture content of
the quince samples was determined gravimetrically by drying in an oven at temperature of 105°C and
atmospheric pressure for 24 h.

RESULTS AND DISCUSSIONS
The experimental values for the equilibrium moisture content, Xeq On the quince slices at each water
activity, aw for the four different temperatures were fitted with fifteen five-parameters sorption
isotherm models M01-M15, tab.1.

Table 1. Mathematical model for approximation sorption data of quince

Number
of Name of model Model References

model

MO | DaeeWat | e 10
Popovski- A ca.

Moz Mitrevski Xeq = Ba, ' 1-Da, 2w +E [9]
Popovski- N

Mo3 Mirirevski 2= ga, "1-Da, 12, '© [9]

ws | e .
Popovski- . —

Moo Mil?[revski X =AGI ) +OGT° E [9]

MO? Ip\;l)lr‘)“(’)ev\fgkll_ Xeq :AeBInzaw JrCeDlnzaW +E [g]
Popovski- A c

Mo8 Mitrevski X =1"Ba, '1-Da, = [9]
Popovski-

M10 Mﬁrevski K= e, -

Mt ijl)lril?(;/\fskkll_ Xeq=Al(-In(1-2,)]" +C[-In-a,)|° + E [9]
Popovski- A c

Miz Mitrevski %= 8 Ina, D-lna, = [9]
Popovski- A ..

M Mitrevski Xl Ba, 7 " ama, T E [9]
Popovski- o o

Xe = w W E
M15 Mitrevski 1"1-Ba, "1-a, | [9]

The procedure for statistical evaluation of sorption isotherm model depends on the nature of the
model. In scientific literature, for the goodness of fit of experimental sorption data and selection of the
best isotherm model, following statistical criterions are used: coefficient of determination, R?, root
mean squared error, RMSE, and the mean relative deviation, MRD. The selection of a sorption
isotherm model with graphical evaluation of the residual randomness is also popular [3]. Plotting of
the residuals against independent variable is a measure of distribution errors. If the sorption model is
correct, then the residual should be only random independent errors with a zero mean, constant
variance and arranged in a normal distribution. If the residual plots indicate a clear pattern, the model
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should not be accepted [3]. In this study the value on coefficient of determination, R? and graphical
evaluation of the residual randomness were the main statistical indicators for selection of the best five
parameters sorption isotherm model.

Because the regression methods (indirect nonlinear or direct nonlinear), estimation method, the initial
step size, the start values of parameters, convergence criterion and form of the function have
significant influence on accuracy of estimated parameters, a large number of numerical experiments
were performed [4]. The method of indirect non-linear regression analysis and estimation methods of
Quasi-Newton, Simplex, Simplex and quasi-Newton, Hooke-Jeeves pattern moves, Hooke-Jeeves
pattern moves and quasi-Newton, Rosenbrock pattern search, Rosenbrock pattern search and quasi-
Newton, Gauss-Newton and Levenberg-Marquardt from computer software Statistica (Statsoft Inc.,
Tulsa, OK, http://www.statsoft.com), were used to approximate the experimental equilibrium moisture
content data of quince. On the basis of experimental data, and each mathematical model from tab. 1,
the values of coefficient of determination, R?, was calculated. After that, the models were ranked on
the basis of values of the coefficient of determination (tab.2).

Table 2. Ranking of the models

Model R? Rank | Model R? Rank
MO1 | 0.9913 3 M09 | 0.9901 7
MO02 | 0.9913 3 M10 | 0.9913 3
MO03 | 0.9916 1 M11 | 0.9911 4
MO04 | 0.9915 2 M12 | 0.9913 3
MO5 | 0.9915 2 M13 | 0.9910 5
MO06 | 0.9907 6 M14 | 0.9913 3
MO7 | 0.9910 5 M15 | 0.9913 3
M08 | 0.9911 4 - - -

From tab. 2 it is evident that the model of Popovski&Mitrevski with referent number M03, has the
highest value of coefficient of determination, R? = 0.9916 (rank 1). So, this model correlates the
experimental values of sorption data of quince better than other models. Similar, highest value of
coefficient of determination was obtained when two-parameters sorption isotherm models were used
for approximation of sorption data of quince [7]. From all models, the model with referent number
M09, has the smallest value of coefficient of determination, R? = 0.9901 (rank 7). So, this model
exhibited the worst statistical performance when is used to correlate the experimental values of
equilibrium moisture content data of quince. The values of model parameters, A, B, C, D, E for the
model M03, were estimated by fitting the models to experimental equilibrium moisture content data of
quince using estimation methods which minimizes the sum squares errors. The estimated values of
parameters are given in tab.3.

Table 3. Estimated values of parameters for model M03

Model Al B [ C | D E
XEQ = (AI(1-B*AW))+(CI(1- _ _ _
*
A iAW) 013721 05734 | 0.0005 | 19°% | 0.0052

XEQ - equilibrium moisture content, AW- water activity, A, B, C, D, E - parameters

The experimental and predicted values for equilibrium moisture content for quince at four
temperatures are shown on Fig. 1a to Fig 1b.
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Fig. 1a. Experimental and predicted sorption isotherms for quince at 15 and 30°C - Model M03
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Fig. 1b. Experimental and predicted sorption isotherms for quince at 45 and 60°C - Model M03

From fig.1a to figl.b is evident that has a good agreement between the experimental and predicted
values of equilibrium moisture data of quince. Analyzing the residues on regression analysis for the
model MO03, the plots of the residues against the predicted values did not indicate abnormal

distribution. In fig.2 the plots of the residuals of non-linear estimation against the predicted values are
presented.
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Fig. 2. Residuals plot of sorption data versus predicted values for quince -Model M03

CONCLUSION

In this study statistical performance on fifteen five parameters sorption models were studied. The
statistical performances of those models were tested on the equilibrium moisture content data of
quince. The value on coefficient of determination and graphical evaluation of the residual randomness
were the main assessment criterions for statistical evaluation of the sorption isotherm models. In
accordance with these statistical criterions it was concluded that the models of Popovski&Mitrevski
i.e. model with referent number MO3 has a better statistical fit on experimental equilibrium moisture

data of quince in whole range of water activity than other five parameters models.
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Abstract: Over the last three decades, the electricity consumption of the residential sector in the European
Union (EU-27) showed a significant increment. In 2019, households, or the residential sector, represented 26.3
% of final energy consumption or 16.9 % of gross inland energy consumption in the EU [2]. During the 10-year
period from 2009 to 2019, the consumption of electricity by households in the EU rose by 0.8 %. Heating
systems/electric boilers represent the highest share, about 19.1%, of the residential electricity consumption at
European level. The combined use of solar energy for heating and cooling has the potential to upgrade solar
thermal energy from mainly DHW provider to a major building energy supplier, with hot water storage buffer.
Key words: heat storage, solar thermal, household energy balance

INTRODUCTION

Over the last three decades, the electricity consumption of the residential sector in the European Union
(EU-27) showed a great increment from 1990 till 2005 [1], and from 2005 till 2019 it is in stagnation
or increase is minor, but the residential sector is still the second biggest in electricity consumption,
right after industry. Households use energy for various purposes: space and water heating, space
cooling, cooking, lighting and electrical appliances and other end-uses (mainly covering uses of
energy by households outside the dwellings themselves). Data on the energy consumption of
households broken down by end-use, have been collected and published by Eurostat since 2017. In
2019, households, or the residential sector, represented 26.3 % of final energy consumption or 16.9 %
of gross inland energy consumption in the EU [2]. During the 10-year period from 2009 to 2019, the
consumption of electricity by households in the EU rise by 0.8 %. These figures on overall household
electricity consumption are likely to be influenced, in part, by the average number of persons living in
each household and by the total number of households, both of which are linked to demographic
events. Other influences include the extent of ownership and use of electrical household appliances
and consumer goods as well as the use of energy saving devices [2]. Furthermore, energy consumption
for heating and cooling of a household is strongly affected by the level of energy efficiency measures
implemented in the particular household (thermal insulation, quality of glazing, applied heating and
cooling energy transformation technologies etc.), whereas the electricity consumption is also affected
by the energy efficiency rating of the household appliances.

Residential sector is the second most important final energy ,,consumer* with almost 30% of the total
electricity consumption. This is the main reason why the efficient use of energy by domestic
appliances, along with the possibility of recovering and reusing their waste heat, is becoming more
and more relevant.

Energy consumption in households in Europe and in Serbia

The energy consumption of households in the EU decreased between 2005 and 2016 [8,9]. During the
last 15 years, energy efficiency improvements in space heating and the use of more efficient electrical
appliances, as well as behavioral changes driven by higher energy prices and the 2008 economic
downturn all contributed to reductions in overall energy consumption in the household sector.
Increases in the number of appliances, average size of dwellings and number of dwellings partially
offset these improvements [8].

Household energy consumption increased both in 2015 (by 4 %) and in 2016 (by 3 %) compared with
2014 and 2015 respectively. The relatively colder winters in these two years contributed to these
increases. However, lifestyle changes such as more dwellings, more appliances per dwelling, changes
in heating behavior (e.g. higher indoor temperatures) also contributed. Energy efficiency
improvements were not significant enough to counteract these effects. In fact, since 2013 a slowdown
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in the rate of the annual energy efficiency improvement has been observed year-on-year compared
with the average annual rate of the 2005-2016 period. [8-11]

Energy use in the household sector differs widely between countries because of weather conditions,
the state and age of the building stock and household appliances, the average size of the dwellings, the
heating/cooling systems used, behavior (particularly with respect to cooking) and the level of
implementation of energy efficiency measures. In 2016, per capita energy consumption in the
household sector of the EU countries ranged from 0.2 tons of oil equivalent per capita (toe/capita) in
Malta to 1 toe/capita in Finland. [2, 8-11]
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Fig. 1. Per capita final energy consumption of the households sector, by country [16]

As you can in Fig. 1. [8-11], biggest consumer in Europe, from all 27 countries is Finland and right
next to Finland are Luxembourg, Denmark, Sweden, and explanation we can find in climate and
temperature in the winter time in those countries. Finland in 2020, consumed the amount of electricity
of 67,46 TWh, and just for comparation Serbia consumed 35.52 TWh in 2020. Like total energy
consumption, the amount of electricity a country consumes in total is largely reflected by population
size, as well as the average incomes of people in the given country.

There is a tendency of increased energy consumption in Serbia, while total dependency on imported
energy, mostly petroleum and its products, is around 40% [4]. Housing industry’s share in energy
consumption amounts to 48% of total consumption, 65% of which refers to energy consumption in
residential buildings ranging from 150 to 250 kWh/m? on average [3].

Common appliances in households and their consumption

According to literature the number of domestic appliances in the European Union is continuously
growing and the same goes for how often that appliance is in use, as well as for the duration of their
duty cycles. That is the reason why despite the continuous development of high-efficiency appliances,
it is expected that the electricity consumption in residential sector continuously increase. Heating
systems/electric boilers represent the highest share, about 19.1%, of the residential electricity
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consumption at European level [1]. While second, third and fourth place is reserved for refrigerators
and freezers with energy consumption of almost 14.5%, then electric ovens, washing machines/dryers
and dishwashers contribute on electricity consumption for 6.6%, 7.2% and 3% respectively [12]. The
European Union is required to meet standards that imply eco-responsiveness and information for the
design of efficient household appliances. Based on the higher performances of the new appliances, in
July 2011 new labelling directives were adopted introducing new energy efficiency classes (A+++,
A++ and A+) to the already available (A-G). On the basis of the most updated information at disposal
[1, 12-14], in terms of performance and diffusion of household appliances, an assessment of the waste
heat produced was carried out with the aim of evaluating the amount of thermal energy which should
potentially be recovered and reused. At European level, the most common household appliances, are
given through the Table 1.

Table 1. Energy consumption analysis for appliances that are biggest consumers

Appliance Average energy consumption Temperature
[kKWh/cycle] [°C]
Refigerators and 640Wh/24h 35-50
freezers
Electric ovens 1.25 35-250
Dichwashers 0.8-0.95 40
Washing 1 30-35
mashines

According to model, given in the literature, parameters of active and stand-by consumption of an
appliance are linked to the annual consumption model according to the following equation [3,6]:

Meycle
5 . . 365 davkWh
E}'am':}' =| 3600 xz4_dﬂ_].-‘ Egm,m_b}-‘Ff Z_ Ec}'cls,n tr:_';c:a 3,6 % 108 Ws
= (1)

where Eyearty is the mean consumption (KWh), Eswand-by is the electric load of an appliance in stand-by,
Ecyclen is electric load during a mean consumption cycle (W), teycie is time step n duration of a mean
consumption cycle (s), and neycie is number of time steps of the mean consumption cycle. The
difference in behaviour profile-electrical load on typical working day and at weekend was considered
negligible. Basic energy efficient rated appliances were included in by the model: Television,
electrical stove, Compact Disc player, personal computer, refrigerator with freezer, microwave oven,
washing machine, and dishwasher. Thermal gain from use of these appliances was included in thermal
balance of the building. Trend of change in daily electricity consumption due to climate changes
throughout the year was synchronized with data from41 by multiplying the time step value of
electrical load by a monthly weight factor of the corresponding time interval [3,6,7].

What is the thermo storage and its function?

Heat storage, also known as thermal energy storage (TES), generally involves the temporary storage of
high- or low-temperature thermal energy for later use [15]. Heat storage (HS) stores thermal energy
for later use. TS systems are used in buildings and industrial heating/cooling applications, but in recent
years it is very common that even residential sector increasingly use heat storage. TES systems reduce
peak demand, energy consumption, CO; emissions, and costs. In literature TES are described as “an
advanced energy technology that is attracting increasing interest for thermal applications such as space
and water heating, cooling, and air conditioning.”

Examples of heat storage applications include storage of solar energy for overnight heating, of
summer heat for winter use, of winter ice for space cooling in summer, and of heat or cool generated
electrically during off-peak hours for use during subsequent peak demand hours. In this regard, a heat
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storage system is in many instances an useful device for offsetting temporal mismatches between
thermal energy availability and demand.

All heat storage systems have three functions:
1. Charge: a heat source is used to provide heat to the storage medium.
2. Storage: a medium is used to store the heat for later use. The storage medium may be located
at the heat source, the discharge, or somewhere else.
3. Discharge: heat is extracted from the storage medium in a controlled fashion for use.

Additionally, all heat storage systems consist of three basic parts storage material and, if applicable, a
container for the storage material, also a heat exchanger to facilitate heat transfer to and from the
storage material and a control system that facilitates the charging and discharging of the thermal
storage.

What should we take into account when we try to optimal capacity

The combined use of solar energy for heating and cooling has the potential to upgrade solar thermal
energy from mainly DHW provider to a major building energy supplier. The simulation of the system
is done in Trnsys software, and scheme is given in Figure 2. A closed loop consisting of an evacuated
tube solar collector and a variable speed pump provide the hot stream of a heat exchanger within a
sealed tank filled with an energy storage medium such as non-potable water. Water is drawn from the
mains through another heat exchanger within the same tank and preheated before delivery to the
storage tank, where it is further heated by gas (if necessary) before use.
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N S & . | ;
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\
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Fig. 2. Schematic representation of the considered system
1
As it is given on Fig. 2, we have two solar collectors, and one Preheat storage tank and one Storage
tank. The solar collectors are chosen to respond to demands so that the system does not enter the realm
of stagnation, and it is the reason why we have reheater (also presented in the Figure 2).
Components that we used in our simulation are:

1. Radiation Processor- provides solar radiation data, ambient temperature, and water mains
temperature;

2. Collector -models evacuated tube solar collector; variable behavior;

3. Pump- Variable speed pump, controlled by collector behavior;

4. Preheat Tank- sealed tank with dual heat exchangers to provide preheating of mains water 0.5

m3;

Water Draw Profile - instant water draw profile used by SRCC;

Unit Conversion - converts from GPM to kg/hr;

Storage Tank- stores preheated water 1 m3;

Auxiliary heater - heats water in storage tank if necessary;

o No O
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9. Aguastat -generates control signal for gas heater based on storage tank temperature.
RESULTS AND DISCUSSION

The results obtained by simulation are presented in next few figures. The first of all, simulation is
given for the whole year, 8760h. The heat exchanger fluid is water with: density 1000[kg/m?], thermal
conductivity 2.14 [kJ/hmK], specific heat 4.19 [kJ/kg K]. Tank properties are: number of tank nodes is
8, tank volume is 1[m®], top and bottom loss coefficient is 5[kJ/hm?K], and initial tank node
temperature is 55[°C]. Solar collector has a array area of 2[m?], number of nodes is 10, flow rate per
unit area is 50[kg/hm?]. Aquastat is set so that fluid inlet temp. is 20[°C], and setpoint temperature for
stage is 50[°C]. Hysteresis +/- 2 [°C]. Preheater has heating capacity of 16200[kJ/h]. The results in the
paper are presented for a typical meteorological year, for the solar radiation data for Nis, Serbia, with
1h timestep resolution.

Temperatures

Fig. 3. Annual solar thermal system results (green — heat exchanger transfered energy in kd/h, red —
tank outlet temperature in °C, blue Tank inlet temperature in °C, purple — mains water temperature in
Oc)ﬂ
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Fig. 4. The amount of the amount of solar radiation in kd/h
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Fig. 6. Useful heat exange from solar collector

In first part of year (first six months) and in last three months of the year, the amount of useful heat
given through solar collector is much smaller than in July, August, Septembar, and explanation is
really simple, those are the winter, fall and early spring months. Further more, the utilization of the
solar system is also dependent on the control system and use of heat by the heat exchanger. Hence
since the initial temperature of the tank is relatively high 55°C, the water is heated by the use of the
heater, since the solar radiation is insufficient. In the summer period, the solar radiation is sufficient
for the assumed consumption load, however, in the rest of the year it is utilized only when the
temperature conditions are such, that the temperature is low enough to utilize solar energy, and the
temperature in the solar collector in the same timestep is high enough for heating the tank(s). If this
condition is not met, the tanks are heated by the heat exchanger — heater, resulting in poor
effectiveness of the solar system, except in the hot summer munts. On the figure you can see zoomed
results for January period.
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outlet for Solar collector

As shown on figure 7, inlet temperature is practically the same through the year, no matter what time
of day or year is, and as you can see on figure 7 that is not the case for outlet temperature. The inlet
temperature is around 20 [°C], with small fluctuation in first three months of the year, and outlet
temperature varies through the day, at night it is lower, and it depend what time of year it is. The
highest oultet temperature is from May till September and it can go to 73[°C].

Conclusion

In this paper, a revie of the status of energy consumption in EU households is presented and analyzed.
It is concluded that sanitary hot water accounts for almost 20% of the household electricity
consumption. An annual simulation of the solar evacuated tube collector system with auxiliary heater
is made for a typical meteorological year in Serbia. The simulation indicated that the design of the
system and choice of hot water tank desired temperature level, as well as dynamics of the consumption
and availability of the solar energy can strongly affect the effectiveness of the solar system. As the
simulation results show, if the hot water tank temperature is set to high, solar collectors may provide
insufficient heat flux for most of the year, except for the summer period. The solar systems are sized
this way, i.e. based on the minimum heat demand in the hottest summer periods, to avoid the so called
solar thermal system stagnation, which can lead to system damage. Therefore, for the high desired
tank temperatures, the auxiliary heater is responsible for meeting most of the hot water energy
demands. Different scenario can be expected in the case of lower desired tank temperatures, but this
can be analyzed in some future research, and is omitted from this study.
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Abstract: The present paper underline3s an experimental approach related to noise influence in agricultural
vehicules. This small experiment studied the noise influence upon the driver in case of two different tractors and
conclusions were traced regarding the potential influence, noise levels and parallel comparison for the two
studied vehicles for one scenario.
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INTRODUCTION

Pollution in the atmosphere isn't the only sort of contamination wreaking havoc on the planet's
inhabitants. It is one of the most significant environmental risks to human health, according to the
World Health Organization (WHO). Noise is also responsible for 16,600 early deaths and more,
according to the European Environment Agency (EEA).
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Fig. 1. Measurements on field.

Noise is detrimental when it surpasses 75 decibels (dB) and is uncomfortable when it exceeds 120 dB,
according to the World Health Organization. Drivers blowing their horns, construction crews boring
the road surface, planes passing overhead noise, noise and more noise. Cities have become the
epicenter of a sort of pollution known as acoustics, which is extremely harmful to humans despite its
invisibility and the fact that the coronavirus crisis reduced it to nearly zero.

Noise, according to the European Environment Agency, is responsible for 72000 hospital admissions
and 16600 premature deaths in Europe alone each year [1].

It is not only harmful to humans, but also to animals. Noise pollution has a huge environmental impact
and causes considerable ecological damage, according to the National Park Service (NPS) in the
United States. Noise pollution, according to experts, can disrupt breeding cycles and rearing, as well
as hastening the extinction of some species [2].

Noise pollution does not apply to all sounds. Noise pollution is defined by the World Health
Organization (WHO) as noise that exceeds 65 decibels (dB). Noise becomes hazardous when it
exceeds 75 decibels (dB) and painful when it exceeds 120 dB. As a result, it is advised that noise
levels be kept below 65 dB during the day, and that nighttime ambient noise levels of more than 30 dB
make it hard to have a good night's sleep [1].

Noise from farm tools and machinery can cause permanent hearin