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Modelling and optimisation of power consumption and productivity in milling of thin-walled parts
Modelovanje i optimizacija potrosnje energije i produktivnosti u glodanju tankozidnih dijelova

B. Sredanovic*', S. Tesic!, V. Simic', D. Cica’, S. Borojevic*

'University of Banja Luka, Faculty of Mechanical Engineering, Vojvode Stepe Stepanovica 75, 78000 Banja Luka, Republic of
Srpska, Bosnia and Herzegovina

Abstract: A high percentage of mechanical parts in the metalworking industry (automotive, medical, energetic sector, and etc.),
refers to thin-walled structures with optimized shapes and dimension, which produce on high or semi batch production principle.
Production processes management, in mentioned industry and production systems, requires the development of appropriate
information technologies based automatic systems. Planning and control systems are based on computer-aided technologies. Basis
of this system are mathematical-logical models commonly, which is quantitatively link between input process parameters and
process performance indicators (output parameters). In this study, modelling of total power consumption and process productivity
was performed. Total power consumption and the process productivity were modelled, as very important output indicators in
efficient and sustainable production. The modelling is based on the experimental analysis of the machining process during
machining of thin-walled parts made of C45E (AISI 1045) carbon steel. Modelling was performed using the least squares method,
with the use of ANOVA statistical analysis for the purpose of defining the input factors significance. Depth of cut, milling width
and feed per tooth were used as input cutting parameters. Input cutting parameters combined experimental analysed according to
Taguchi experimental plan. Based on developed adequate and sufficiently accurate mathematical models, optimization procedure
was performed. The goal of optimisation was to minimize the power consumption and maximise productivity.

Key words: milling, power consumption, modelling, optimisation

Apstrakt: Veliki procenat mehanickih dijelova u metalskoj industriji (automobilskoj industriji, u medicini, energetskom sektoru,
itd.) ¢ine tankozidne strukture optimizovanih oblika i dimenzija, koje se proizvode po prinicpu visoke ili poluserijske proizvodnje.
Upravljanje proizvodnim procesima u pomenutoj industriji i proizvodnim sistemima zahtijeva razvoj odgovarajucih informacionih
tehnologija zasnovanih na automatizovanim sistemima. Sistemi planiranja i kontrole se zasnivaju na kompjuterski podrzanim
tehnologijama. Osnova tih sistema su obicno matematicko-logicki modeli koji predstavijaju kvantitativno izraZenu vezu izmedu
ulaznih procesnih parametara i indikatora performansi procesa (izlazni parametri). U ovom istrazivanju izvrseno je modelovanje
ukupne potrosnje energije i produktivnosti procesa. Ukupna potroSnja energije i produktivnost procesa su modelovani kao veoma
bitni izlazni indikatori efikasne potrosnje energije. Modelovanje je izvrseno eksperimentalnom analizom tokom procesa masinske
obrade tankozidnii dijelova napravijenih od C45E (AISI 1045) ugljenicnog celika. Modelovanje je izvrSeno metodom najmanjih
kvadrata, koristenjem ANOVA statisticke analize sa ciljem definisanja vaznosti ulaznih faktora. Dubina rezanja, Sirina glodanja i
korak su uzeti za ulazne parametre rezanja. Ulazni parametri rezanja su kombinovani sa eksperimentalnom analizom prema
Taguchi eksperimentalnim planu. Na osnovu razvijenih odgovarajucih i dovoljno preciznih matematickih modela, izvrsena je
optimizacija. Cilj optimizacije je bio minimiziranje potrosnje energije i maksimizacija produktivnosti.

Kljuéne rijeci: glodanje, potrosnja energije, modelovanje, optimizacija

" branislav.sredanovic@mf.unibl.org



Journal of Engineering and Management Vol 2 No 1 (2024)

1 INTRODUCTION

Thin-walled parts with complex forms are widely
present in almost all fields of the metalworking
industry. Thin-walled structures are most often used for
the production of housings parts, base support part for
other elements in the assembly. Due to their complex
geometry, they are technologically extremely complex.
More problems comes in especially if structures are
made by stronger and harder materials. The most
common technologies for the production of thin-walled
structures are: casting, printing, joining and cutting
technologies [1]. Casting and joining technologies are
used in case production of structures with non-
functional surfaces. Cutting technologies used in case if
there are complex or functional surfaces on the
structures. Metal cutting is one of the most dominant
production technologies, and very common used in the
machining of thin-walled structures. However, the
production of thin-walled structures by cutting
technologies is performed by mechanical removing
material by cutting tool from bulk parts, where up to
95% of the mass of the preparation must be removed
[1, 2]. Regard to this, there are neediness to achieve
high productivity. The power and energy invested in
removing such a large amount of material contributes
significantly to the final production cost, and product
cost at least.

In order to establish a sustainable, manageable and
highly efficient production, it is necessary to create a
base for the development of a process planning system
and process controlling system [3]. Today, production
process planning and control systems are based on
information technologies, which include CAXx systems
[3]. In CAPP and CAM systems, the knowledge
databases are incorporated. This is base of efficient
production processes. Mathematical-logical models,
which describe the relations between input and output
process parameters, are the basis of modern process
control development, and raising the production
efficiency. Based on them, it is possible to predict the
behaviour of the machining system, optimize the
process, and perform the necessary corrections of input
process parameters.

The main problem is the establishment of efficient
production of thin-walled parts, which includes achieve
of high productivity and minimization of power
consumption. In this study, the milling process of a
thin-walled tubular part and made of carbon steel, is
analysed. An experimental and statistical analysis was
carried out, after which the process performance
indicators were modelled. In [4] authors were presented
method to compensate deformation errors in five-axis
flank milling based on tool path optimization, in
milling of thin-walled parts. The optimization of the
milling process of thin-walled aluminum parts is
presented in paper [5]. The study used experimental
data and the influence of the tool path strategy, wall
thickness and feed rate on the machining time,
dimensional accuracy deviation, shape and position
accuracy deviation, and surface roughness. Bolar et al.
analysed energy efficiency, product quality, and
productivity have become crucial requirements in thin-
wall machining [6]. They examined the impact of axial
depth of cut, radial depth of cut, feed per tooth, and
tool diameter on process performance. In [7], authors
presented optimization method for maximize the
material removal rate in milling of thin-walled.
Optimisation was based on cost function, and shown
very effectively in optimum conclunding

2 EXPERIMENTAL SETUP

The experiment runs were performed on three-axis
milling machining centre Emco Concept MILL 450
(Fig. 1). Maximum power is 11 kW, maximum main
spindle speed is 11000, and linear axis motors has
acceleration of 2 m/s2. Machining centre is equipped
with  Sinumerik 810D/840D control unit, which
programmed by using the SolidCAM software. For
experimental machining runs, Dormer S814HA four
teeth milling cutter is used, was used to machining the
experimental samples. It is sintered carbide tool with
Alcrona coating. The milling cutter diameter is d. = 16
mm, body length is |; = 92 mm, active cutting length is
I, = 32 mm. The tool mounted on overhang of I3 = 40
mm, with an ER32 elastic chuck with an axial nut,
adapted to 1SO 40 tool holder.
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Fig. 1. Experimental setup

Workpiece material is carbon steel C45E (C.1530,
DIN 17200, EN 10083). It has adequate wear resistance
and strength. This structural steel can be used for the
production of responsible parts in machines. It can be
heat treated by hardening and annealing, and used in
mould and die industry. Workpiece was tubular shaped,
with basis for fixturing. Outer diameter is 40 mm,
height is 40 mm, and wall thickness 1.5 mm (Fig. 2).
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Fig. 2. Workpiece geometry

The measurement of tool machine and machining
process power and energy consumption, and machining
time was measured by Mavowatt 30 device. This three-
phase device for measuring electrical energy meets the
relevant standards for electrical energy measuring:
EN50160, EN61000-4-7, and ENG61000-4-15. It

3

provides a visual display with RMS values, harmonic
oscillations, flicker and transient processes up to a time
range of 80 ps. The device is connected to the tool
machine electrical lines by appropriate electrical
instruction.

For experimental runs of cutting parameters
combinations, Taguchi's orthogonal experimental plan
L9 was used. This experimental plan contains nine
combinations of cutting parameters variation. Input
cutting parameters: P1 as depth of cut a, (mm), P2 as
feed per tooth f, (mm/tooth), and P3 milling width ae
(mm) were varied on three value levels (up level 1,
middle level 0, and low level -1). Parameter level
variation is given in Table 1, with experiments results.
The cutting speed was constant on v, = 120 m/min.
Cooling and lubrication was performed by flooding
technique. A synthetic water emulsion with content of
5% oil, was used fluid. It was supplied through two
nozzles on outside of cutting tool, under pressure of 5
bar, and the flow rate of 40 I/min.

3 RESULTS AND DISCUSION

The Fig. 3 shows a diagram of power consumption
during the machining time, which was taken from the
interface of the software for measuring physical
guantities related to electrical current consumption.
The diagram shows the stages in the machining
process, such as: tool changing, cooling turning, cutting
tool entering, and the end of the machining. There can
be noted the increase in electrical energy consumed
during machining time.

Ll’ll_[' 1-|.'|';\|‘ H*UU;—L" 7"_J,\,-r‘ J‘rL'JU| J—I—"Jf Ty p

] o e Ot st i |

— it

Fig. 3. Interface of energy measuring software

In Table 1 are given results of measured total power
consumption of machining P (kW), as total power
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consumption of tool machine, and calculated material
removal rate MRR (mm?/min) for experimental runs.

Table 1. Results of experiments

ap f, a |MRR| P
Exp | P1 | P2 | P3 |(mm)| (mm/ |(mm)|(mm3/| (kW)
tooth) min)

-1]-1(-1|20 | 006 | 05 | 573 |154
-110]0 | 20| 012 | 1.0 |2292| 1.66
-1 11|20 | 018 | 1.5 |5157|1.82
0|-1|0 | 40| 006 | 1.0 [2292]| 1.69
0 1] 40| 012 | 15 |6875]| 1.99
0|1 ]|-1] 40| 018 | 0.5 |3438| 1.75
1
1
1

-1 1|60 | 006 | 1.5 [5157| 1.89
-1 | 6.0 | 012 | 0.5 3438 1.77
10| 60| 018 | 1.0 (10313| 2.20

OO N[O [W|IN|F

Total power consumption values for different
experimental run is shown on diagram in Fig. 4. It can
be concluded that with increase of cutting parameters,
the total power consumption increase also. The highest
total power consumption value of P = 2.2 kW is
obtained when using the cutting parameters a, = 6.0
mm, f, = 0.18 mm/tooth and a. = 1.0 mm, while the
lowest value of P = 1.54 kW is obtained with the
cutting parameters a, = 2.0 mm, f, = 0.06 mm/tooth and
a. = 0.5 mm. Higher total power consumption values
were obtained for larger depth of cuts and milling
widths.

2.50

2.00

1.50

1.00

0.50

Total power consuption P (kW)

400 1 2 2] 4 5 6 7 8 9

Experiment run
Fig. 4. Total power consumption values

Least square method was employed for modelling of

total power consumption. For this procedure, the linear
model with the interaction of two parameters versus to

simple linear model (2FI vs Linear) were proposed and
analysed. After the statistical analysis of model
response and experimental obtained data by ANOVA,
linear model with the interaction of two parameters was
chosen. Based on the statistical indicators P and F
values, it can be concluded that the model is
significant. The values of the varied all cutting
parameters have high influence on the total power
consumption, which can be concluded from the
obtained P values. It was shown that the combination
of depth of cut and feed per tooth has the high impact
on the total power consumption value also. There are
calculated the Sum of squared deviations (SSD), and
Mean square deviation (MSD) also.

Table 2. ANOVA results for P (kW)

Source| SSD | DoF | MSD vallzue vaTue
Model | 0.3080 4 0.0770 | 349.5844 | <0.0001
ap 0.1196 1 0.1196 | 542.9272 | <0.0001
f, 0.0711 1 0.0711 | 322.7243 | <0.0001
ae 0.1169 1 0.1169 | 530.9688 | <0.0001
apif, | 0.0505 1 0.0505 | 229.4249 | 0.0001
Residue| 0.0009 4 0.0002
Total | 0.3089 8

The statistical calculation gave a mean total power
consumption value of x = 1.81, with a standard
deviation of SD = 0.015. The signal-to-noise ratio is
S/IN = 61.17, which is desirable because it is greater
than 4. The regression coefficient is R? = 0.99, which
shows a great agreement between the experimental
measured and modelled calculated data. Based on the
mentioned statistical indicators, it can be concluded
that the proposed model is adequate. The proposed the
linear mathematical model with parameter interaction,
for total power consumption on various cutting
parameters is concluded in form:

P =1.528—0.072-a, —2.925" f,
+0.355"a, +1.185 - a, " f; 1)

Fig. 4 shows the response surfaces, obtained by
surface response method (RSM) for total power
consumption, obtained on the basis of various cutting

4
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parameters from the its domain, and the previous
presented formulation. From the diagram, it can be
concluded that total power consumption increases with
the increase of the value of the cutting parameters,
which is expected. As the values of cutting parameters
increase, the total power consumption value increases
more intensively. Basically, the analysis of
experimental and calculated data show that the
influence of linear combinations of technological
parameters is very significant on total power
consumption model responses.

ae = 0.5 mm

P (kW)

2,04
1.895
1.75

1.605

0.18 6.00

0.12 4.00

ap

ae = 1.0 mm

P (kW)

221
2.085
1.92
1.775

1.63

0.18 6.00
5.00

ap

0.06 2.00

ae = 1.5 mm

Fig. 5. Total power consumption model response

As process performance indicator, which evaluates
the economic productivity the material removal rate
MRR (mm?/min), was analysed. It is the amount of
removed workpiece material in the unit of time. The
relationships between the values of material removed
ratio and cutting parameters are shown in the diagram
in Fig. 6. The highest productivity value of MRR =
10313.2 mm?*min is obtained when using cutting
parameters a, = 6.0 mm, f, = 0.18 mm/tooth and a, =
1.0 mm. The lowest value is MRR = 573.0 mm?®/min is
obtained during machining with cutting parameters a,
= 2.0 mm, f, = 0.06 mm/tooth and a. = 0.5 mm. Greater
productivity, i.e. material removal rate is achieved with
an increase in cutting parameters.

12000

10000

8000

6000

4000

2000

Material removal rate MRR (mm3/min)

Experiment run
Fig. 6. Material removal rate values

In end milling operations, material removal rate can
be calculated as the product of processing depth,
milling width, and auxiliary movement speed (feed rate
v ) [2]. Feed rate vi (mm/min) is product of feed per
tooth f, (mm/tooth), number of cutting tool teeth z,, and
spindle revolutions n (rev/min). However, material
removal rate MRR (mm?3/min) can be calculated as:

MRR=a, a, vs=a, a, n-f, z, (2)

After the formation of the material removal rate
model, a variance analysis was conducted. Because
material removal rate model is analytical, it is clear that
the statistical analysis showed that the model is
significant, and that the values of the varied cutting
parameters and are equally significant. The mean value
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x= 4392 was obtained, and the standard deviation SD =
0.000. The signal-to-noise ratio is S/N = 27, and the
regression coefficient is R? = 1. However, based on the
mentioned values, it is concluded that the model is
adequate. Using the surface response method, diagraph
of material removal rate in dependence on cutting
parameters, is obtained (Fig. 7).

MRR (mm3/min)

10400

8275

6150

4025

1900

0.18

0.06 2.00
Fig. 7. Material removal rate model response

From the previous model response diagram, it can
be concluded that productivity increases with
increasing of cutting parameters values. As in the
previous case, a more intense change of material
removal rate occurs with input factor combinations
with higher cutting parameter values.

3.1. Process optimization

In case of sustainable and high efficient machining,
and rough machining especially, parameters related to
power consumption and productivity are usually
chosen as optimization functions. Rough machining of
a cylindrical thin-walled workpieces, which is the
subject of this research, it is necessary to
mathematically describe the optimization procedure.
According to previous, the objective functions are
achive the maximum of process productivity, and the
minimum of total power consumption. In table 3 is
shown the mathematical framework of the optimization
procedure. All outputs are assigned with the same
importance. Also, the same importance is assigned to
the domain boundaries of input and output input and
output parameters.

Table 3. Optimisation framework

Lower | Upper | Low Up |Impor
limit | limit | weight | weight | tance

Param.| Target

a, | Inrange 2 6 1 1 3

f, Inrange | 0.06 0.18

ae In range 0.5 15

P Min. 154 | 2.20

PRk~
PRk~

3
3
3
3

MRR | Max. 573 | 10313

The optimization procedure offered 198 possible
solutions. As optimal cutting parameters were
obtained: a, = 2.6 mm, f, = 0.18 mm/tooth, and a, =
1.37 mm. This combination of this cutting parameters
gives MRR = 5087 mm?/min and P = 1.86 kW. There is
concluded that desirability of the objective is relatively
low and amounts 53%. The reason for this is the large
number of opposite responses that are included in the
optimization. The diagram of the change in the
desirability of the optimisation solutions, depending on
the depth of cut and feed per tooth, is given in Fig. 8.
According to theory, when planning rough machining,
higher values of cutting parameters should be used,
which is exactly what the mentioned diagram shows.
Furthermore, it can be concluded that only the
combination of higher values of both cutting
parameters leads to better results.

Desirability e N
P il

018 600

Fig. 8. Desirability of cutting parameters

4 CONCLUSIONS

In accordance with the requirements of modern
sustainable and high-efficient machining, an
experimental analysis of the milling process was
carried out. Milling was performed on thin-walled parts

6
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made of carbon steel, according to Taguchi's
experiment plan. Statistical analysis was performed on
the obtained experimental data of total power
consumption and process productivity. Based on the
data, adequate mathematical models were developed.
The analysis showed that increasing of total power
consumption and material removal rate depending on
the cutting parameters increasing. On the basis of
adequate models, which can be incorporated into
process control systems, process optimization was
carried out. Total power consumption minimization
and material removal rate maximization were set as
optimization goals.
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Transition to industry 5.0 with ai and digilitalization of production systems
Tranzicija ka industriji 5.0 sa ai i digitalizacijom proizvodnih sistema

M. Bakator**, M. Nikoli¢*, D. Cockalo®, S. Stanisavljev’

YUniversity of Novi Sad, Technical faculty “Mihajlo Pupin” in Zrenjanin, Djure Djakovica bb, 23000 Zrenjanin Republic of Serbia

Abstract: This paper presents a comprehensive framework for integrating advanced artificial intelligence (Al) and digitalization
into manufacturing processes, and contributing to the transition towards Industry 5.0. By focusing on a human-centric approach,
advanced Al integration, sustainability, and flexibility, the study outlines strategies for enhancing production systems and
competitiveness in enterprises. The main goal was to develop a model that outlines the transition process towards Industry 5.0.
Additionally, suggestions and guidelines for improving enterprise production systems and competitiveness are discussed. The
findings suggest that embracing digital transformation, collaborative robotics, and continuous innovation are vital for achieving
operational efficiency, environmental sustainability, and personalized customer experiences. The paper highlights the importance
of ethical practices and continuous learning in fostering a resilient and innovative industrial ecosystem.
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Apstrakt: Ovaj rad predstavija sveobuhvatan okvir za integraciju napredne vestacke inteligencije (Al) i digitalizacije u proizvodne
procese i doprinos tranziciji ka Industriji 5.0. Fokusirajuci se na pristup usredsreden na coveka, naprednu integraciju vestacke
inteligencije, odrzivost i fleksibilnost, studija ocrtava strategije za unapredenje proizvodnih sistema i konkurentnosti u
preduzecima. Glavni cilj je bio da se razvije model koji ocrtava proces tranzicije ka Industriji 5.0. Pored toga, razmatraju se
predlozi i smernice za unapredenje sistema proizvodnje i konkurentnosti preduzeca. Nalazi sugerisu da su prihvatanje digitalne
transformacije, kolaborativne robotike i stalne inovacije od vitalnog znacaja za postizanje operativne efikasnosti, ekoloske
odrzZivosti i personalizovanog korisnickog iskustva. Rad naglasava vaznost eticke prakse i kontinuiranog ucenja u negovanju
otpornog i inovativnog industrijskog ekosistema.

Kljuéne rijeci: Industrija 5.0, Digitalizacija, Proizvodni sistemi, Vestacka inteligenicija

1 INTRODUCTION

Industry 5.0 represents the next phase in the
evolution of the industrial sector, emphasizing the
integration of advanced technologies and human
ingenuity. This new era seeks to balance automation
and robotics with the creativity, critical thinking, and

product customization. Industry 5.0 builds upon the
digital transformation ushered in by Industry 4.0,
aiming for a collaborative coexistence between humans
and machines, where technology enhances human
capabilities rather than replacing them [4].

Advanced Atrtificial Intelligence (Al) plays a pivotal

emotional intelligence unique to humans [1-3]. The
goal is to create more personalized, efficient, and
sustainable production processes that not only optimize
output but also enhance worker satisfaction and
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role in realizing the vision of Industry 5.0. By
leveraging machine learning, natural language
processing, and robotics, Al can analyze vast amounts
of data, predict trends, and automate complex tasks
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with precision. This not only boosts efficiency and
productivity but also allows for the creation of smarter,
adaptive systems that can learn and evolve over time

[5].

Alongside Al, the digitalization of business is a
fundamental component of this new industrial
paradigm. It involves transforming traditional
operations with digital technologies to streamline
processes, enhance decision-making, and foster
innovation., innovative, and customer-centric solutions

[6].

In this paper, the main goal was to develop a
theoretical model that presents the transition process to
Industry 5.0. In addition, suggestions and guidelines for
improving production and business are discussed.

2 THEORETICAL FRAMEWORK

2.1 Industry 5.0 and human-centric business
development

Industry 5.0 represents a significant shift towards a
more human-centric approach in the industrial sector,
emphasizing the harmonious integration of human
intelligence and creativity with advanced technological
systems. The concept of human-centric production
within Industry 5.0 underlines the importance of
leveraging technology not just to replace human labor
but to augment and complement it, fostering
environments where humans and machines collaborate
to achieve more innovative, flexible, and sustainable
outcomes [7].

The human-centric production model prioritizes the
unique attributes humans bring to the industrial
process, including creativity, empathy, and complex
problem-solving abilities. Industry 5.0 aims to create
more inclusive and adaptable = manufacturing
environments. This approach improves the quality of
work life for employees and drives the development of
products and solutions that are more closely aligned
with human needs and values. Through collaborative
robots (cobots) and Al-driven tools that take over
repetitive or dangerous tasks, workers can engage in
more meaningful and creative aspects of production.
Human-centric production in Industry 5.0 emphasizes

the importance of worker safety, ergonomics, and the
development of new skills. Businesses adopting this
model invest in training and education to prepare their
workforce for the future, ensuring that employees are
not only equipped to work alongside new technologies
but also to thrive in an increasingly digital world.

2.2 Advanced Al, digitalization, and production
systems

Al and digitalization in production systems can
siginicantly improve business through:

Increased  efficiency and  productivity: Al
technologies enable production systems to achieve
higher levels of efficiency and productivity by
automating complex and repetitive tasks [8].

Predictive maintenance: One of the most significant
advantages of Al in production systems is its ability to
predict equipment failures before they occur [9].

Real-time monitoring and control: Al technologies
play a crucial role in enabling real-time monitoring and
control of production processes. Through the
integration of sensors, 10T devices, and Al algorithms,
production systems can continuously collect and
analyze data on various parameters such as
temperature, pressure, speed, and quality. This allows
for the immediate detection of deviations from standard
operating conditions and the automatic adjustment of
processes to maintain quality and efficiency [10, 11].

Incorporating Al into production systems in these
ways not only enhances operational capabilities but
also drives innovation, resilience, and competitiveness
in the manufacturing sector.

Digitalization enables businesses implement and
apply data analytics, cloud computing, and the Internet
of Things (loT), leading to improved operational
efficiency, reduced costs, and the ability to quickly
adapt to market changes [12-14]. Digitalization
facilitates a more agile and flexible business model,
where companies respond to customer demands with
greater speed and precision.

3 DEVELOPED MODEL

The developed model is presented on Figure 1.
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Figure 1. Modeling the transition to Industry 5.0

The transition to Industry 5.0 necessitates a shift
from these traditional paradigms to more advanced,
integrated, and human-centric approaches. The
Transition Process involves a series of strategic actions
and adaptations, including the integration of Al and
digital technologies, the adoption of sustainable
manufacturing practices, and the development of a
more skilled and adaptable workforce. The result of the
transition process is the realization of Industry 5.0,
chracterized by integration of human-machine
efficiency, sustainable manufacturing, and fully
integrated Al and robotics in enterprises.

4 SUGGEESTIONS AND GUIDELINES

Based on the analyzed literature in the domain of
Al, digitalization, Industry 5.0 and production systems,
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suggestions and guidelines for enhancing production
systems and competitiveness in enterprises are noted:

e Human-centric approach: Adopting a human-
centric approach means valuing the role of
human creativity and expertise within the
industrial environment. Enterprises should design
workplaces that enhance human skills and
creativity, fostering an environment where
technology supports human decision-making and
innovation. This includes ergonomic
workstations, safety measures, and opportunities
for workers to engage in more meaningful,
creative tasks while robots can handle repetitive
or dangerous jobs.

e Advanced Al integration: Integrating advanced
Al involves implementing algorithms and
machine learning models to automate processes,
predict maintenance needs, and optimize
production lines. This requires a robust data
infrastructure, where real-time data from loT
devices are analyzed to make informed decisions,
improve efficiency, and reduce downtime. Al can
also personalize customer experiences and
supply chain management.

e Digitalization and data analytics: Digital
transformation is crucial for enhancing
operational efficiency and agility. Through
digitizing processes and utilizing data analytics,
companies can gain insights into production
trends, customer behavior, and market dynamics.
This allows for faster adaptation to new
opportunities or challenges. Implementing digital
tools for collaboration and project management
can also improve workflow and productivity.

e Collaborative robots (Cobots): Cobots are
designed to work alongside human workers,
enhancing productivity without replacing the
human workforce. These robots can be used for
tasks that are repetitive, physically demanding,
or require precision, freeing human workers to
focus on higher-level problem-solving, planning,
and control. Implementing cobots should be
accompanied by training programs to ensure
workers are equipped to work effectively with
this technology.
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Sustainability and ethical practices: Emphasizing
sustainability involves adopting manufacturing
processes that minimize waste, reduce energy
consumption, and utilize eco-friendly materials.
Ethical practices in Al use ensure that
technologies are developed and used in ways that
are fair, transparent, and beneficial to all
stakeholders, including employees, customers,
and the broader community. This approach not
only addresses environmental concerns but also
builds trust and enhances brand reputation.
Customization and flexibility: The ability to offer
customized products and services through Al-
driven insights provides a significant competitive
advantage. Enterprises should leverage Al and
digital manufacturing technologies like 3D
printing to offer personalized options to
customers without compromising on efficiency
or cost. This requires a flexible production
system that can easily adapt to changing
customer preferences and market trends.
Continuous improvement and innovation: A
culture of continuous improvement and
innovation involves encouraging experimentation
and learning from failures. Al and digital tools
can provide valuable insights for optimizing
processes and identifying new opportunities for
innovation. Companies should invest in research
and development, encourage cross-functional
collaboration, and remain open to adopting
emerging technologies that can drive future
growth.

Adaptable and flexible production systems:
Developing production systems that are both
adaptable and flexible ensures that enterprises
can respond fast to market changes,
technological advancements, or shifts in
consumer demand. This involves modular system
designs, scalable technologies, and processes that
can be easily reconfigured or upgraded.
Flexibility in production allows for the efficient
allocation of resources, reducing lead times and
enhancing the ability to meet customer needs

promptly.

Enterprises can implement some or all of these
guidelines, and this way they can significantly improve
their production systems and competitiveness, aligning
with Industry 5.0 principles to create more sustainable,
efficient, and human-centric manufacturing
environments.

5 CONCLUSIONS

The transition to Industry 5.0 represents an
important movement towards more sustainable,
efficient, and human-centric manufacturing
ecosystems. Through the integration of Al, digital
technologies, and ethical practices, enterprises can
significantly enhance their competitiveness and
production systems. This study notes the necessity of
adopting a holistic approach that balances
technological advancement with  environmental
sustainability and workforce development.

Future research should explore the long-term
impacts of these strategies on global supply chains and
the broader socio-economic landscape. Embracing the
principles of Industry 5.0 will enable enterprises to
thrive in an increasingly complex and dynamic global
market.
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Case study
Process ofmaintenance of technical systems

Proces odrZavanja tehnickih sistema

crxl 1
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Abstract: The importance of maintenance in companies directly affects the basic factors of production and can have a very
favorable effect (if well implemented) on the achievement of positive business results. Well-implemented maintenance directly
affects the reduction of production and business costs. Technical maintenance of the system is a set of procedures and activities
whose purpose is to prevent the occurrence of a state of failure or downtime, as well as to return the system to a working state
after the occurrence of a state of failure in the shortest time and with the least possible costs, under the given environmental and
organizational conditions of work. This paper provides an example of the general vehicle maintenance procedure for freight and
passenger transport, in which the sequence and method of performing activities and the responsibility of participants in the
process of preventive and corrective vehicle maintenance are defined, which enables the transport processes to take place in terms
of the technical correctness of the vehicle. The goal of the fleet maintenance process is to transform the vehicles from the state of
"not ready for work" to the state of "ready for work" so that they are available for carrying out the transport process.

Key words: technical vehicle maintenance, procedure, transport

Apstrakt: U preduzeéima, na glavne faktore proizvodnje, u velikoj mjeri utice odrZavanje, koje ima vrlo pozitivan uticaj na
postizanje dobrih poslovnih rezultata, ukoliko se sprovodi na adekvatan nacin. Takode, adekvatno sprovedeno odrzavanje
nesporno utice i na nize troskove proizvodnje i cjelokupnog poslovanja. Tehnicko odriavanje sistema (masina i postrojenja)
obuhvata postupke koji imaju za cilj da sprijece pojavu stanja u otkazu ili zastoju, kao i da vrate sistem iz stanja u otkazu ponovo
u stanje u radu u §to kracem vremenskom periodu i sa Sto niZim troskovima, a da se pri tome uzmu u obzir uslovi okoline i
organizacije rada. U ovom radu je dat primjer opste procedure odrzavanja vozila za teretni i putnicki transport, u kojoj je
definisan redoslijed i nacin na koji se izvode aktivnosti u procesu preventivnog i korektivnog odrzavanja vozila koji omogucava
odvijanje transportnih procesa u smislu tehnicke ispravnosti vozila. Glavni cilj cjelokupnog procesa odrzavanja voznih parkova
jeste da se vozila vrate u stanje ,,u radu‘ nakon Sto su dospjela u stanje ,,u otkazu“, kako bi bila dostupna i svrsishodna za
obavljanje transportnog procesa.

Kljucne rijeci: tehnicko odrzavanje vozila, procedura, transport

1UVvOD

Tehnicko odrzavanje sistema (masina i postrojenja)
obuhvata postupke koji imaju za cilj da sprijece pojavu
stanja u otkazu ili zastoju, kao i da vrate sistem iz
stanja u otkazu ponovo u stanje u radu u Sto kracem
vremenskom periodu i sa $to nizim troskovima, a da se
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pri tome uzmu u obzir uslovi okoline i organizacije
rada.[1].

Osnovni ciljevi koji treba da se postignu procesom
odrzavanja su: obezbjedenje potrebnog nivoa
pouzdanosti tehnickih sistema u procesu eksploatacije;
minimiziranje ukupnih  troskova  odrzavanja;
SpreCavanje i ograniavanje zastarijevanja tehnickih
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sistema; postizanje boljeg kvaliteta proizvoda;
povecanje produktivnosti u proizvodnji; ¢uvanje svih
raspolozivih resursa u preduzecu; isporuka proizvoda
kupcima na vrijeme i sli¢no.

Da ove ciljeve nije lako postié¢i, govori podatak, prema
istrazivanju razli¢itih autora, da za prosjecno trajanje
od 10 godina bilo kog tehnic¢kog sistema troSkovi
odrzavanja ¢ine oko 60 % od vrijednosti investicije
tehni¢kog sistema [2].

Proces odrzavanja se sastoji od skupa aktivnosti ili
operacija koje se provode tokom eksploatacije
tehni¢kih sistema, a ¢iji je zadatak da provode
preventivne aktivnosti radi sprecavanja otkaza ili
zastoja, kao i da otkaz ili zastoj sto efikasnije otklone,
ukoliko se dese.

2 PRISTUP ODRZAVANJU TEHNICKIH
SISTEMA

Odrzavanje u preduzecu definisano je 1963. godine
kao funkcija kojom je omogucéena stalna funkcionalna
sposobnost i trajnost proizvodnih postrojenja i opreme,
§to je postignuto kroz adekvatnu kontrolu i vrSenje
popravki i revizije nad postrojenjima [3].

Proces odrzavanja tehni¢kih sistema se moze
analizirati metodama integralnog sistemskog prilaza,
kao §to je prikazano na Slici 1.

Tovrteni poslovi
Materijal i rez. dijelovi ;Eieit;l\!m : "
OKRUZENIJE Projektovani nivo
Radna snaga pouzd. i raspolozivosti
_—
Eneroetskd . Sto duie vrijeme u
nergetskd resursi radu
- _—————
Dokumentacija Sto manje zastoja
; TLAZ PROCES ZLaz|
Sto nizi troskovi
Baza zadataka PORZAVANIA odriavanja
_— " .
. Sto nize zalihe
Informacije rezervnih dijelova
_b I—
I TRATN/ Sto visi nivo
Tehnicki sistemi POVRATNA kvaliteta proizvoda
> Sto vise primjene
ra¢unara u informac.

Slika 1 Sistemski prilaz odrzavanju [1]
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Evolucija pristupa odrzavanju u posljednjih pedeset
godina moze se predstaviti putem grafikona prikazanog
na Slici 2.
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kasnije Dui vijek MI0TMACHA yyiiednosti
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” >
POBOLJSANJE POUZDANOSTI

Slika 2 Glavni pristupi odrzavanju [4]

3 PROCES ODRZAVANJA

Odrzavanje tehni¢kih sistema je process Kkoji se
moze definisat i sa dvije slucajne varijable i to [5]:

e Prva slucajna varijabla, koja je definisana
konstrukcijom i pouzdano$c¢u tehni¢kog sistema
je ukupno vrijeme koje protekne sve do trenutka
kada se izvr$ava operacija odrzavanja.

e Druga slufajna varijabla, koja je odredena
kvalitetom sistema upravljanja odrzavanjem, kao
i pogodno$céu za samim odrzavanjem je vrijeme
koje protekne izvodenja  operacije
odrzavanja.

tokom

Struktura stanja tehni¢kog sistema predstavljena je
na Slici 3.

Aktivni rad
Osnovno odrzavanje
Vrijeme
A wuradu® [~ Planirani zastoji
/ Neplanirani zastoji
/ Korektivno odrzavanje
(| Vrijeme ,,u // y
\ otkazu® | Preventivno odrZavanje
\
A\
\ rom
4 Vrijeme ,,u
skladistu*

Slika 3 Struktura tehnickog sistema koji je u procesu
eksploatacije [5]
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Osnovno odrZavanje transportnih sistema obuhvata
aktivnosti  ¢iS¢enja, podmazivanja, snabdijevanja
gorivom i mazivom, kontrole i pregleda stanja [5].

Planirani  (opravdani) zastoji podrazumijevaju
vremenski interval u kome operater Kkoristi svoj
zakonom predvideni i planirani odmor, ili kada se vrse
popravke i revizije, kao i podesavanje tehnickog
sistema za rad [5]. Ovo su redovni tehnicki zastoji u
okviru kojih sistem ne radi (zbog kasnjenja operatera,
loSeg planiranja posla ili kasnjenja radnog naloga, zbog
problema sa snabdijevanjem energentima i sli¢no) ali
se nalazi u radnom procesu i koji se mogu planirati u
okviru cjelokupnog procesa odrzavanja. Korektivno ili
neplansko odrzavanje, koje je uzrokovano otkazom se
mozZe izvoditi operacijama Korektivnog odrzavanja i
popravke.

Preventivno ili plansko odrzavanje, treba da ima za
cilj spre¢avanje stanja u otkazu te obezbjedenje stalne
pouzdanosti sistema kroz preventivne zamjene dijelova
i preuzimanje drugih preventivnih akcija [5].

Da bi preduzece efikasno izvrSilo proces odrzavanja
tokom eksploatacije, treba obuhvatit i sljedece stavke
[71:

o kvalitetno stru¢no osoblje,

e pri¢uvni dijelovi,

e potrebni objekti i oprema,

e o0dgovarajuca tehnicka dokumentacija,

o finansijska sredstva potrebna za izvrSenje

odrzavanja.

3.1 Proces odrZavanja voznih parkova

Glavni cilj cjelokupnog procesa odrzavanja voznih
parkova jeste da se vozila vrate u stanje ,,u radu® nakon
§to su dospjela u stanje ,,u otkazu“, kako bi bila
dostupna i svrsishodna za obavljanje transportnog
procesa, kao §to je prikazano na Slici 4, ¢ime se
direktno sprovodi i osnovni cilj i djelatnost
transportnog preduzeca.

Nakon §to je upucen zahtjev za odrzavanjem nekog
transportnog sredstva, trebaju se odrediti intervencije i
potrebni uslovi (kvalifikovani radnici, neophodne radne
povrsine, materijali, oprema i sli¢no), kako bi se
odrzavanje moglo uspjesno provesti. Dok se izvode
same intervencije odrzavanja, vozila su u tom
vremenskom intervalu u stanju ,,nespremno za rad* i ne
mogu biti upotrebljiva za provodenje transportnog

procesa. Vozila mogu poslati zahtjev za odrzavanjem
ili u unaprijed dogovorenim vremenskim intervalima ili
u slucajnim trenucima kada neplanski dode do pojave
kvara ili otkaza.

7z NOAU

= o {STANIU OBAVLJANJE TRANSPORTNOG RADA 1

-; PROCESPROMIENE

< SEANBVOIERE S 7 \gTIEVT 74

E ODRZAVANIEM ST

: NE ISPOST AVLJENT

< | PROMJENE STANJA VOZILA
S« | REALIZACUA ODREDIVANIE |
S 21 | INTERVENCLE INTERVENCIJA
25! | ODRZAVANIA ODRZAVANJA

2 = YOZLA

B istanm PRIPREMA ZA OBAVLJANJE d
o INTERVENCIJE ODRZAVANJA :
B DZ&W-....-...-. R

Slika 4 Sema periodicnog smjenjivanja stanja vozila tokom
njihovog eksploatacionog vijeka [6]

Nakon sprovedene intervencije odrzavanja (ili u
sopstvenim preduzeéima ili u servisima drugih
specijalizovanih preduzec¢a) na transportnim vozilima
se vrSe procesi kontrole u smislu iskoristenja materijala
i potrebnih dijelova, kao i samog kvaliteta izvrSenja
intervencije. Po zavrSetku ovih aktivnosti se na osnovu
dokumentacije i baze podataka izraduju izvjestaji koji
se obraduju putem raznih analiza, na osnovu kojih je
moguce donijeti odluke o eventualnim izmjenama i
mjerama poboljSanja procesa odrzavanja.

4 PRIMJER PROCEDURA ODRZAVANJA
VOZILA ZA TERETNI I PUTNICKI
TRANSPORT

U nastavku je dat primjer opSte procedure
odrzavanja vozila za teretni i putnicki transport, u kojoj
je definisan redoslijed i nacin izvodenja aktivnosti i
odgovornost ucesnika u procesu  preventivnog i
korektivnog odrzavanja vozila koji omogucava
odvijanje transportnih procesa u smislu tehnicke
ispravnosti vozila. Osnovna funkcija je podrska
ispunjavanju planova transportnog preduzeca koji se
manifestuje kroz pracenje i korekciju tehnickog stanja
vozila iz programa teretnog i putnickog transporta.

Proces odrzavanja vozila prikazan je dijagramom
toka na Slici 5, a potom je dato pojaSnjenje svih
aktivnosti pojedinac¢no.
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elemenata,

vr$i rukovodilac RJ Odrzavanje, pod mnadzorom
direktora Transportnog preduzeéa, na osnovu sljede¢ih
podloga:

e Plan investicionog odrzavanja, kao dio
Proizvodno-finansijskog plana preduzeca.
e evidencije o vozilu,

o ) Prijavljivanje i evidentiranje otkaza
e plana koriStenja vozila,

e evidencije i analize o odrzavanju vozila. Svaki otkaz ili promjene u toku rada vozila uocava i
prijavljuje voza¢. Otkazi se prijavljuju poslovodi.
Prilikom prijavljivanja otkaza, podnosilac prijave je
duzan da saopsti sljedece podatke:

Planiranjem je obuhvacen:
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e oznaku i naziv vozila na kome je otkaz nastao,

¢ lokaciju vozila,

e vrijeme nastanka i kratak opis otkaza i

e misljenje o kriti¢nosti otkaza u pogledu potrebe
zaustavljanja dijela odgovaraju¢eg procesa
rada, bezbjednosti ucesnika i imovine, odnosno
hitnosti intervencije.

Prijavljene otkaze vozila poslovoda evidentira u
Knjigu odrzavanja vozila. U Knjigu odrzavanja
evidentiraju se i eventualni otkazi uoceni u toku
dnevnih i periodi¢nih pregleda.

Prijem i evidentiranje zahtjeva kupca

Zahtjevi kupca prispjevaju u Transportno preduzece
na jedan od sljedec¢ih nacina:
e usmenim, direktnim ili telefonskim kontaktom
kupca sa rukovodiocem RJ Odrzavanje,
e pisanim zahtjevom (telefaks ili e-mail).

U slucaju kada klijent - kupac podnosi zahtjev za
uslugom odrzavanja, radni nalog se otvara kod
operativnog radnika koji je zaduzen za rad sa
klijentima-kupcima. Poslije otvaranja radnog naloga za
klijente (kupce), klijenti se upucuju na utvrdivanje
stanja —,,defektazu”.

DefektaZa i analiza otkaza

Defektaza

Odluku o potrebi defektaze donosi poslovoda odrza-
vanja na osnovu karaktera otkaza navedenog prilikom
prijavljivanja i vrste vozila na kome je otkaz nastao.

U slucaju kada ocijeni da je defektaza neophodna,
poslovoda odrzavanja odreduje izvrSioce koji, uvidom
u stanje vozila, vrSe defektazu. Nakon izvedene
defektaze, vozilo se upisuje u Knjigu odrzavanja vozila
sa opisom otkaza, uzroka otkaza, nacCina opravke i
prijedlogom nacina spreCavanja istog otkaza u daljem
radu u predvideno polje prijave otkaza.

Analiza otkaza
Analizu otkaza, ako je ona potrebna, vrsi
rukovodilac RJ Odrzavanje. Analiza se izvodi radi do-
nosenja odluke o nacinu otklanjanja otkaza i to:
e Otkaz se moze otkloniti sopstvenim kapacitetima
odrzavanja - procedura se nastavlja aktivnoséu
pripreme intervencije odrzavanja,

e Otkaz se ne moze otkloniti sopstvenim
kapacitetima odrzavanja — rukovodilac RJ
Odrzavanje organizuje angazovanje internog
servisera iz drugog sektora,

e Otkaz se ne moze otkloniti sopstvenim
kapacitetima odrzavanja — rukovodilac RJ
Odrzavanje organizuje angazovanje servisera ili

e Otkaz nije kritiCan (ne zahtijeva hitnu
intervenciju) i njegovo otklanjanje se moze
planirati i izvesti u sklopu aktivnosti
preventivnog odrzavanja.

U sluc¢aju potrebe, rukovodilac RJ Odrzavanje na
internom dopisu sa¢injava Zapisnik o otkazu.

Priprema intervencija odriavanja

Priprema dokumentacije

U skladu sa planovima i potrebama proizaslim na
osnovu stanja utvrdenog periodi¢nim pregledima i po-
dataka iz knjige odrzavanja, poslovoda vrsi pripremu i
izdavanje dokumenata Radna lista operativnim
radnicima u procesu odrzavanja.

Angazovanje specijalizovane organizacije — servisera
Angazovanje specijalizovane organizacije na
izvodenju odrzavanja  (intervencije
odrzavanja za koje Transportno preduzeée ne posjeduje
odgovarajuc¢e resurse) na prijedlog rukovodioca RIJ
Odrzavanje, vrSi Nadlezni menadzer nabavke, u
saradnji sa direktorom Transportnog preduzeca.

aktivnosti

Obezbjedenje resursa

Obezbjedenje materijala 1 rezervnih dijelova:
Materijal 1 rezervni dijelovi, u zavisnosti od njihove
raspoloZzivosti, obezbjeduju se:

e izuzimanjem iz skladista putem lzdatnice
materijala, na osnovu odredbi dokumenta - Pro-
cedure: Rad skladista,

o blagovremenom nabavkom, na osnovu odredbi
dokumenta - Procedure: Nabavka.

Izrada rezervnih dijelova: Ako se rezervni dijelovi
mogu izraditi u Transportnom preduzecéu, rukovodilac
RJ Odrzavanje organizuje izradu dokumentacije i
izradu dijelova. U slucaju kada se rezervni dijelovi ne
mogu obezbjediti izradom u Transportnom preduzecu
Rukovodilac RJ Odrzavanje postupa u skladu sa odred-
bama dokumenta - Procedure: Nabavka.
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Izvodenje intervencija odrZavanja

Preventivne intervencije

Preventivne intervencije podrazumjevaju sljedece

aktivnosti:

¢ Dnevne preglede, kao stalnu aktivnost, vrse
korisnici vozila, svakog dana prije pocetka rada.
Korisnici vozila su duzni da uocene nedostatke
prijave dispeceru.

e Periodicne preglede izvode, na osnovu
preporuka iz dokumentacije proizvodaca vozila,
izvrsioci koje odredi poslovoda odrzavanja.

e Zamjenu potros$nih dijelova, sklopova, fluida i
podmazivanje vrSe, na osnovu uputstava
proizvodaca, Kkorisnici vozila ili radnici u
odrzavanju koje odredi nadlezni poslovoda
radionice.

e Remont vozila se izvodi po potrebi na osnovu
pojave istroSenosti pojedinih sklopova.

e Naknadne planske intervencije.

Korektivne intervencije

Poslovoda odrzavanja, po izvrSenoj pripremi,
odreduje izvrSioce, daje im potrebna uputstva i upucuje
na mjesto izvodenja intervencije. IzvrSioci aktivnosti
postupaju prema opisu rada u Radnoj listi i usmenim
uputstvima poslovode. Ukoliko postoji potreba za
odredenim dijelovima ili materijalom, poslovoda izdaje
Trebovanje, radi preuzimanja materijala i rezervnih
dijelova iz skladista.

Kontrola — provjera i probni rad

Po zavrSenoj aktivnosti, rukovodilac RJ Odrzavanje,
u prisustvu korisnika vozila, poslovode i izvrSioca
aktivnosti, provjerava kvalitet izvedene aktivnosti
(pregledom, mjerenjem ili probnim radom). Nakon
provjere su moguce ocjene:

o Kvalitet je zadovoljavajuc¢i - unose se
odgovaraju¢i podaci i zatvara radni nalog ili
knjiga odrzavanja. Procedura se nastavlja
aktivnoscu evidentiranja izvedene aktivnosti, ili

o Kuvalitet je nezadovoljavajuéi - procedura se
ponavlja od aktivnosti izvodenja ili pripreme
aktivnosti, u zavisnosti od karaktera uzroka loSeg
kvaliteta.
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Evidentiranje, analiza i izvjeStavanje

Evidentiranje aktivnosti odrzavanja
Intervencije odrzavanja evidentira rukovodilac RJ
Odrzavanje u:
e Knjizi odrzavanja, unosenjem  vremena
zaklju¢enja Radnih lista i
e Servisnoj knjizici vozila - intervencije
podmazivanja, periodi¢ni pregledi, remonti i
podaci o klju¢nim izmjenama na vozilu nas-
talim nakon intervencija odrzavanja.

Analiza aktivnosti odrzavanja i izvjestavanje

Rukovodilac RJ Odrzavanje, uvidom u evidenciju o
izvr$enim aktivnostima odrzavanja, vr$i analizu aktiv-
nosti odrzavanja u pogledu: kvaliteta izvedenih
aktivnosti — analizom prigovora i zapazanja od
korisnika vozila, stanja vozila nakon intervencija,
vremena zastoja vozila zbog izvodenja aktivnosti,
vremena trajanja, kritiCnosti, uzroka i troskova
odrzavanja.

Izvjestavanje o aktivnostima odrzavanja

Na osnovu izvrSenih analiza i1 evidencije o
izvedenim intervencijama rukovodilac RJ Odrzavanje
saCinjava IzvjeStaj o odrzavanju sa podacima o stepenu
ostvarenja planova odrzavanja, optere¢enju kapaciteta
na poslovima odrzavanja i potroS$nji materijala i
rezervnih dijelova i prijedlozima korektivnih mjera.

Analiza performansi procesa

Analiza procesa odrzavanja vozila vr$i se na osnovu
mjesecnih, kvartalnih i godisnjih izvjestaja.
Analizu izraduje direktor Transportnog preduzeca, u
saradnji sa rukovodiocem RJ Odrzavanje, po proceduri
Analiza performansi procesa.

5 ZAKLJUCAK

U preduzec¢ima, na glavne faktore proizvodnje, u
velikoj mjeri uti¢e odrzavanje, koje ima vrlo pozitivan
uticaj na postizanje dobrih poslovnih rezultata, ukoliko
se sprovodi na adekvatan nacin. Organizacija procesa
odrzavanja tehnickih sistema i vozila mora biti
uskladena sa maSinskim parkom za koji je zaduZena,
Sto podrazumijeva fleksibilnost u smislu cCestih
promjena. Sa druge strane, sistem odrZavanja se moze
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susretati 1 sa brojnim propustima i problemima, koje
treba otkloniti kako bi funkcionisao.

Prva stavka koja moze biti okarakterisana kao
moguci problem jeste izvrSavanje procesa nabavke tek
u onom trenutku kada se definiSe da u skladistu nema
potrebnih dijelova ili materijala potrebnih za vozilo
koje je u otkazu ili kvaru. Zbog ovakvog propusta,
vozilo ¢eka na potrebni dio sve dok se nabavka ne
izvr$i, dok je za svo to vrijeme neupotrebljivo. Iz
ovakvih i slicnih razloga, neophodno je $to vise
primjenjivati preventivno odrzavanje vozila.

Sljede¢i mogudi propust koji se moze pojaviti, u
okviru procesa odrzavanja, je javljanje potrebe za
odrzavanjem veceg broja vozila u istom vremenskom
intervalu. Ukoliko nema dovoljno kapaciteta, radne
povrsine, potrebnih dijelova ili obucene radne snage,
vozila ¢e Cekati u kvaru Cime ¢e direktno narusiti
raspolozivost voznog parka. Kako bi se ovakvi
problemi sprijecili, preduzece treba konstantno
nastojati da podmladuje vozni park.

Jo$ jedan od potencijalnih problema za proces
odrzavanja je mogu¢i kvar opreme za odrzavanje, koji
bi opet uticao na to da vozila ¢ekaju u kvaru i da nisu
raspoloziva. Jedno od rjeSenja, obzirom da su kako
vozila, tako i oprema podlozni kvarovima i otkazima,
jeste da se obezbijedi rezervna oprema.
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Abstract: This paper deals with the comparison of the amount of carbon dioxide emitted from thermal power plants in the Republic
of Srpska with the amount of CO, absorbed in the process of photosynthesis through existing wood stocks in forests and the
achieved wood growth of forests in the territory of the Republic of Srpska. Since CO, by definition has a negative impact on the
climate on planet Earth and due to the fact that it causes the greenhouse effect, additional warming of our planet occurs. There
are generally two procedures for estimating and determining CO, emissions from thermal power plants: based on previously
defined mathematical models and measured coal consumption. The measurement methods used for taking samples are: non-
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efekta staklene, baste dolazi do dodatnog zagrijavanje nase planete. Postoje generalno dva postupka procjena i odredivanja emsija
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1 UVvOD

U ovom radu je data analiza emisije CO, od tri
termoelektrane iz Republike Srpske (TE Gacko, TE
Ugljivik, TE Stanari). Kao prvo, prikupljeni su podaci
potrebni za analizu i postupak optimizacije energetskog
trziSta. Nakon provedene analize, utvrdene su koli¢ine
emisije CO, nastale zbog proizvodnje -elektri¢ne
energije. Posebna paznja posvecena je uticaju cijena
emisijskih dozvola na same emisije. Nakon uvoda i
pregleda dostupne literature, prikazan je pregled stanja
i emisije CO, na termoelektranama u Republici Srpskoj
i mogucnosti  njegove  apsorpcije
potencijalima.

Sumskim

Ugljen-dioksid  ima  Siroku
svakodnevnom zivotu i to u gasovitom, Cvrstom i

primjenu  u

teCnom stanju. Pri normalnim uslovima ugljen-dioksid
je je bozbojan gas, bez mirisa i blagog kiselog ukusa.
Nije zapaljiv, ne gori, inertan je i nije toksican.
Medutim pri udisanju veéih koli¢ine CO, nastaju
smetnje u organizmu koje i po prestanku akutne
opasnosti mogu dovesti i do smrtnosti. CO, je
normalan produkt organskih materija. Tezi je od
vazduha za oko 4,5 puta. Relativno se lako prevodi iz
gasovitog u teno stanje na temperaturi od 20 C.
Energetski sektor ¢ini sastavni dio privrede, dostupnost
i cijena energije odreduje konkurentnost pojedine
ekonomije, a koli¢ina energije koju osoba potrosi
odreduje njen standard Zivljenja. NaZzalost, energetski
sektor je i veliki zagadivaC zivotne sredine. Vodena
para, metan i ugljen-dioksid (CO,) uzrokuju porast
Zemljine temperature. Kao najznacajniji izvori energije
u Republici Srpskoj su tri termoelektrane (Ugljevik,
Gacko i Stanari), koje koriste kao pogonsko gorivo
ugalj. Samim tim emituju odredenu koli¢inu emisije
CO, koja odlazi u atmosferu. Da bi se napravio plan
smanjenja emisija, potrebno je definisati realno stanje
CO,. Najlaksi nacin da se dobiju rezultati emisija je
mjerenje i koli¢ina potro$nje uglja. Emisija CO, zavisi
prvenstveno o kvalitetu i tipu goriva koje emituje u
atmosferu. Pri proraCunu se mogu koristiti dvije
metode: referentna i sektorska. Sektorska se racuna na
osnovu potro$nje i nabavke goriva.

2 METODOLOGIJA RADA

U radu je koristena metodologija procjene emisije
CO; iz TE prema najjednostavnijem postupku "Tier 1",
na bazi Cega su dobijene trazene emisije ugljen-
dioksida na godiSnjem nivou za postojece tri
termoelektrane u Republici Srpskoj. Za procjene
apsorcije CO; po 1 ha Sumske biomase koriSteni su
literaturni podaci iz prethodnih istrazivanja. U radu je
za akumulaciju CO, u obzir uzet prirastaj drvne
biomase na godiSnjem nivou i drvne rezerve i ti podaci
su preuzeti iz odgovaraju¢ih studija i zvani¢no
dostupne literature koji se odnose na BiH odnosno
Republiku Srpsku.

2.1 Pregled stanja i emisije CO; na
termoelektranama u Republici Srpskoj

Osnovni izvor elektriéne energije u Republici
Srpskoj su termoelektrane. One koriste ugalj kao
pogonsko gorivo koji je ujedno i najzastupljeniji
energetski resurs u Republici Srpskoj zbog svoje
rasprostranjenosti i zadovoljavajuceg kvaliteta. Kotlovi
termoelektrana koriste ugalj kao gorivo za dobijanje
toplotne energije. Ta toplotna energija se koristi u
procesu postizanja radnih parametara pare, Kkoja
ekspanzijom u parnoj turbini vr$i proces razmjene
potencijalne energije u kineticku, odnosno mehanicku
energiju na vratilu turbine. Termoelektrane rade po
Klauzijus-Rankinovom ciklusu.

Termoelektrane koje u Republici Srpskoj aktivno
rade jesu TE Gacko, TE Ugljevik i TE Stanari. Sve tri
navedene TE imaju blokove nominalne snage 300 MW.
TE Gacko je pustena u rad 1983 godine, TE Ugljevik
1985 godine, a TE Stanari 2016. godine. Sve tri
termoelektrane rade sa jednim medupregrijavanjem
pare. TE Gacko i TE Ugljevik rade sa nadkriti¢énim
parametrima pare, dok TE Stanari radi sa podkriticnim
parametrima pare. Tip kotla kod TE Gacko i TE
Ugljevik je jednokorpusni T-obrazni proto¢ni parni
kotao sa medupregrijanjem (P64 — Ramzin), dok je kod
TE Stanari kotao sa sagorijevanjem u cirkulacionom
fluidizovanom sloju (CFB) koji u sustini predstavlja
modernu tehnologiju sa vecom iskoristivos¢u goriva.
Tip turbina kod TE Gacko i TE Ugljevik je K-300-240
LMZ. Kod TE Stanari je vazduhom hladeni
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kondenzator (ACC), dok je kod TE Gacko i TE
Ugljevik kondenzator hladen cirkulacionom vodom
tipa 300KCS-1. TE Gacko i TE Ugljevik imaju ukupni
nominalni neto koeficijent korisnog dejstva od 0,32
(bruto 0,339), dok TE Stanari ima nesto visi koeficijent
korisnog dejstva koji iznosi 0,341 (na pocetku projekta
bilo zamisljeno da SKD bude 0,43). Osnovni podaci
(zvani¢ni 1 procijenjeni) o navedenim TE dati su u
Tabeli 1.

Tabela 1. Osnovni podaci o TE u Republici Srpskoj i
procjene o emisijama CO, [1,2, 3,5]

TE TE TE
Gacko | Ugljevik | Stanari
[1,6] [2,7] [3,5]

Nominalna snaga bloka
[MW]

Nominalni stepen
korisnog dejstva
Procijenjeni stepen
korisnog dejstva

300 300 300

0,32 0,32 0,341

0,3165 | 0,3106 0,336

Prosjecna potro$nja uglja | 1 725 1486 2318
[t/god] 230 509 968
Prosjeéna neto 1168 1299 2 053
proizvodnja [MWh/god] | 235 984 998
Procijenjeni neto

koeficijent emisije CO, 1,4 1,2 11
[tco/MWh]

Procijenjene koli¢ine
emitovanog CO,
[tcoz/god]
Procijenjene ukupne
koli¢ine emitovanog CO, | 5454 876
[tco2/god]

Jedna tona CO, predstavlja jedinicu mjere emisije, a
najnovije smjernice "2006 IPCC Guidelines for
National Greenhouse Inventories" razlikuju tri razliita
nivoa prorauna gasova staklene baste. Oni se
medusobno  razlikuju prema stepenu kvaliteta
prikupljanja podataka koji se koriste pri proracunu kao
i prema stepenu slozenosti prorac¢una [4].

Prvi i najjednostavniji  (najneprecizniji) nivo
prora¢una, tzv. "Tier 1" glasi:

1635 1559 2 259
529 980 397

Emisija = PotroS$nja - Emisijski faktor (1),

pri cemu je:
Emisija — ukupna emisija CO, u tonama (t CO,),
Potrosnja — koli¢ina potros$ene energije (TJ),
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Emisijski faktor — zadani faktor emisije koji zavisi
od pojedinog goriva koje se Kkoristi kao i o
stakleniCkom gasu Cija emisija se ra¢una. Sadrzi i
faktor oksidacije ugljenika za koji se na prvom nivou
proracuna pretpostavlja da iznosi 1 (tco/TJ).

2.2 Pregled stanja i procjena apsorbovane
koli¢ine CO; u u Sumama Republike Srpske

Zvani¢ni podaci o strukturi i povrSinama Suma i
Sumskih zemljiSta su, jo§ wuvijek, bazirani na
informacijama iz Prve inventure Suma na velikim
povrSinama iz 1968. godine prema kojima povrSina
Suma u BiH iznosi oko 2,70 miliona ha, odnosno 53%
od ukupne povrsine. U cilju dobijanja novih podataka o
stanju Sumskih resursa u BiH, realizovana je Druga
nacionalna inventura Suma na velikim povrSinama u
periodu 2006 - 2009. godine. Preliminarno objavljeni
podaci ukazuju na pozitivan trend promjena Sumskih
povrsina za vise od 500.000 ha [8].

Povrsine dostupnih Suma proizvodnog karaktera po
pojedinim entitetima su prikazane u Tabeli 2. sa
relativnim greSkama procjene ovih povrsina.

Sumski resursi u BiH se odlikuju tipi¢nom
strukturom Suma u zemljama jugoistoéne Europe, gdje
je uobicajeno da postoje ogromne povrSine izdanackih
Suma.

Tabela 2. Struktura povrsina Suma proizvodnog karaktera po
entitetima u BiH [8]

Dostupne Sume proizvodnog karaktera

Uzgojni oblik

Sume

u Republici Srpskoj u FBiH

ha +% ha +%
1. Visoke Sume | 647.300 3,2 673.300 | 3,1
2. Izdanacke 485.300 5,0 355.400 | 6,0

Sume

Sve Sume 1.169.500 2,6 1.103.500 | 2,7

U Tabeli 3. dat je prikaz procijenjenih veli¢ina
apsorbovanog CO, putem Sumskih resursa sa kojima
raspolaze Republika Srpska. Za izraCunavanje
ekvivalentno apsorbovanog CO; u procesu fotosinteze
koriStena je jednostavna metodologija. Uzet je primjer
drvo od 1000 kg sa 100% vlazno$¢u. Znamo da ovo
drvo ima 500 kg vode i 500 kg suve mase, a takode
znamo da je 47,5% te suve mase ugljenik i to
predstavlja 237,5 kg. Zahvaljuju¢i omjerima molarne
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mase, mozemo razgraditi CO, i otkriti da je potrebno
3,67 kg CO, za stvaranje 1 kg ugljenika u drvetu.

Dakle, za na$§ primjer drveta, apsorbovana koli¢ina
CO; je: 237,5 x 3,67 = 871,63 kg CO,. Ako Zelimo da
znamo koliko se apsorbuje godiSnje, moramo znati
prosjec¢nu starost Sume. Ako je drvo tezine oko tone,
mozemo pretpostaviti da je staro 30 do 40 godina.
Dakle, ako pretpostavimo da ima 40 godina, sa
prosjekom apsorbovanja CO, od 21,79 po godini [9]. S
obzirom da ostali detalji dati su u tabeli 3. Opsta Sema
metodologije za procjenu apsorbovanja CO, po toni
Sumske biomase (drvne zalihe i prirastaja), data je na
slici 1.

Tabela 3. Osnovni podaci 0 procjenama apsorbovanog CO,
u Sumskoj biomasi za Republiku Srpsku

povrsina pod Sumom u
Republici Srpskoj
prosjecna zaliha po hektaru
(8l

ukupna zaliha

A 1169500 ha

z 201 m®/ha

Z | 235069500 m®

pr 5,16 m3/ha prirastaj po hektaru [8]
Pr 6034620 m® ukupni godisnji prirastaj
ro 450 kg/m® gustina suvog drveta
procenat ugljenika u
¢ 0.475 sastavu suve mase drveta
ukupno uskladisteni CO, u
O, | 871625 starz)lu mase 1000 kg [92]
god 40 god prosje¢na starost stabla
co, apsorbOme_a_ koli_éina CO,
god 21,790625 kg po godlr.u i toni drvne
biomase
iskoriStavanje
sj 0,5 zapreminskog prirasta u

obliku sjece

ukupna koli¢ina Sumske
biomase u opticaju
ukupna masa CO,
apsorbovanog Sumskom
biomasom
prosjecno apsorbovanje
tona CO, po hektaru Sumske
/hektaru/|  povrSine na godi$njem
god | nivou, vrijednost usvojena
iz literature [10,11]
ukupna masa CO,
apsorbovanog Sumskom
biomasom, druga procjena

Us | 238086810 m°

MCO,;| 4306090 tona

CO;ha 2,5

MCO,,| 2923750 tona

’ 5 l 5 '\fz‘ - ”

1,000kg of wood ~ 500kg of dry wood  237.5kg of carbon  871.63kg of CO, absorbed

Slika 1. Metodologija za procjenu apsorbovanja
CO, po toni drvne biomase [9]

Postoje razli¢iti metodoloski i literaturni pristupi za
procjenu apsorbovane koli¢ine CO, i znacajno velike
varijacije u procjeni. Literaturni podaci i istrazivanja
pokazuju da stopa apsorbovanja CO, varira u $irokom
dijapazonu od 0,12 do 9,6 tona po hektaru na
godisnjem  nivou [10]. Usvojeno je 25
tona/hektaru/god [11].

3 REZULTATI I DISKUSIJA

Prema procjenama u tabeli 3., dobijene su dvije
vrijednosti koli¢ine apsorbovanog CO; putem Sumske
biomase u Republici Srpskoj. To su vrijednosti
procjena: MCO,;=4306090 tona i MCQO,,=2923750
tona.

Ukoliko se uzme u obzir vrijednost emisije CO,
proizvedene na termoelektranama u Republici Srpskoj
0d 5454876 tona. U tom slucaju procenat pokrivenosti
emisije CO, prema jednoj procjeni bice 53% a u
drugom slucaju iznosi¢e 78%. Uzimajuéi u obzir i
rezultate IzvjeStaja za emisije gasova staklene baste za
Bosnu i Hercegovinu iz literature [12], procjenjena
koli¢ina apsorbovanog CO, Sumskom biomasom za
BiH za 2023 godinu je oko 6 500 000 tona. Ako se
uzme u obzir da je preraspodjela Sumske biomase
priblizno 50 % Republika Srpska, 50 % FBiH, onda se
koli¢ina od 3 250 000 apsorbovanog CO, moze
pripisati Republici Srpskoj. U tom slucaju pokrivenost
emisija CO, iz termoelektrana sa apsorbovanim CO,
Sumskom biomasom u Republici Srpskoj iznosi 59%.

4 ZAKLJUCAK

Izvedeni zakljucci u okviru ovog rada odnose se
samo na bilans emisija prouzrokovanih sa radom
termoelektrana u  Republici  Srpskoj, naspram
procijenjene koli¢ine apsorbovanog ugljendioksida u
Sumskim potencijalima. Treba imati na umu da
tranzitni put prelaska na obnovljive izvore energije je
vrlo zahtijevan i da Republiku Srpsku i Bosnu i
Hercegovinu ¢eka vrlo veliko iskuSenje u realizaciji
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ovog zadatka ali i postizanja bliskih ciljeva CO,
neutralosti. Medutim, ne treba zanemariti i ¢injenicu
da su termoelektrane u Republici Srpskoj i Bosni i
Hercegovini okosnica proizvodnje elektri¢ne energije a
samim time i energetike. 1z tih razloga ali i vremenskih
ograniCenja, potrebno je traziti samo racionalna i
razumna rijeSenja u koncipiranju energetskog miksa da
bi se pri tome ostvarili ciljevi CO, neutralnosti u
Republici Srpskoj i BiH.

Dalje implementacije $to detaljnijih procjena
emisija CO, trebalo bi uraditi u svim oblastima:
transporta, poljoprivrede, Sumarstva, industrije i
zivota, kako bi se stvorila §to realisti¢nija slika ovog
problema i donio konacni sud kojim putem se treba
rijeSavati ovaj problem.
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Case study
Hydropower potential of river Sutjeska

Hidroenergetski potencijal sliva rijeke Sutjeske
M. .DALNBYLDUDGALU

18QLYHUJLWHW X ,VWRpPQRP 6DUDMHYX )DNXOWHW ]D SURL]YRGQMX L PHQDG &
28QLYHUJLWHW &UQH *R Podgora) @rbaBeriL IDNXOWHW

Abstract: Energy is a very important factor of development. The need for electricity is constantly increasing. A large part of the
energy produced in the world comes from smenewable energy sources, mainly fossil fuels, which are considered to be the main
reason 6r global warming. A welplanned and efficient use of all available energy sources, especially renewable sources, is
necessary to meet the requirements of energy demand. Hydropower represents one of the most important renewable ene
sources. A signifiaat part of the hydropower potential has already been used by the construction and operation of large
hydropower plants, while smaller watercourses are still largely unused. Small hydropower plants have an insignificamet negativ
impact on the environmentplike conventional energy plants. The paper presents the hydro potential of the Sutjeska river basin,
i.e. the possibilities of building small hydropower plants are listed. The river Sutjeska largely passes through thepaakiarfal

the same name. Onkth ULYHU 6 XWMHVND DQG LWV WULEXWDULHYV +UpDYND -DEX&aQLF!
13 small hydropower plants with different technical solutions is planned. Based on that, it can be concluded that thés lzasin
significant techitally usable hydro potential that is currently unused.

Keywords: hydroenergy, potential, small hydropower plants

Apstrakt: (QHUJLMD SUHGVWDYOMD YHRPD YDADQ IDNWRU UD]JYRMD S3RWUHEH ]D
proizvedeneenergije u svijetu dolazi iz neobnovljivih izvora energije, uglavhom fosilnih goriva za koje se smatra da su glavni
razlog za globalno zagrijavanje. Dobro isplanirana i efikasna upotrreba svih dostupnih energetskih izvora , a posebrigilobnovlj
izvora, e QHRSKRGQD GD EL VH LVSXQLOL ]DKMHYL HQHUJHWVNH SRWUDAQMH +
L]YRUD HQHUJLMH =QDpDMDQ GLR KLGU R HiggrhtnjorhW MdoR KelRiR idrbeldkirand) GoR sv H Y
manji vodoRFL L GDOMH YHOLNLP GLMHORP QHLVNRUL&AWHQL ODOH KLGURHOHNW
razliku od konvencionalnih energetskih postrojenja. U radu je predstavljen hidropotencijal sliva rijeke Sutjeskesdgne su

P R J XstiQZgradnje malih ehidroelektrana. Rijeka Sutjeska velikim dijelom prolazi kroz istoimeni nacionalni park. Na rijeci
6XWMHVFL L QMHQLP SULW R.OIRAEX p{DApIDFYN L [&rkiEgd @daidial 13 Salih hidroelektrana sa
UD]J]OLBK@PpWLP ULMHAHQMLPD 1D RVQRYX WRJD PRaH VH ]DNOMXpLWL GD RY
MH |]D VDGD QHLVNRULaAWHQ

. O M X p Q HhidikdeNergfd, potencijal, male hidroelektrane

1 UvOoD

Hidroenergija, po svojoj definiciji, predstavlja ]JDGUADYDQMD YRGH SD QHJDWLYQ
obnovljiv energetski izvor, ali ne zadovoljava sve QD WHPSHUDWXUH YRGH QD UHALF
aspekte pojma obnovljivi izvori. Velike hidroelektrane emisije ugljen-dioksida.

su sklone procesu eutrofikacije, zbog dugotrajnog
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